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GROUND-WATER RESOURCES OF THE
- EL PASO AREA, TEXAS

By A. N. Sayre and PENN LIvINGSTON..

ABSTRACT

El Paso, Tex., and Ciudad Juarez, Chihushua, Mexice, and the industries in that
area draw their water supplies from wells, most of which are from 600 to 800 feet
deep. In 1908, the estimated average pumpage there was about 1,000,000 gallons
a day, and by 1935 it had increased to 15,400,000 gallons a dag'.

The water-bearing beds, consisting of sand and gravel interbedded with clay, lie
in the deep structural trough known as the Hueco bolson, between the Organ and

Franklin Mountains on the west, the Hueco, Finlay, and Malone Mountains on the .

east, the Tularosa Basin on the north, and the mountain ranges of Mexicc on the
soutim.. From the gorge above El Paso to that beginning near Fort Quitmar. about
90 miles southeast of El Paso, the Rio Grande has eroded a flat-bottomed, steep-

walled valley, 6 to 8 miles wide and 225 to 350 feet deep. No other large drainage .

channels have been developed on the bolson. The valley is known as the El Paso
Valley, and the uneroded upland part of the bolson is called the Mesa.
In the lowest parts of the El Paso Valley, the water-table is nearly at the surface.

The quality of the underground water in the valley varies greatly both vertically -

and laterally. To a depth of about 400 to 500 feet it is in general too highly miner-
alized for municipal use, but between about.-500 and 900 feet %ggd water may be
obtained from several beds. In the beds between 500 and feet the water
level in wells is in places as. much as 20 feet lower than that in the shallow beds.
Beneath the Mesa the water level varies from about 200 feet beneéath the surface,
where the ground elevation is least, to about 400 feet where it is highest, Tl e water
beneath the Mesa in general is of satisfactory quality and contains less than 500
parts per million of dissolved solids. .

The contour map of the water table beneath the Mesa shows that the ground
water is moving toward the southeast, that is, toward the Rio Grande, and the
recha.l:ge to the water bearing beds probably occurs along the east slopes of the
Franklin and Organ Mountains. The hydraulic gradient in the deep water»bearinﬁ
beds beneath the valley is also toward the river, except where it is locally altere
by pumping, indicating that the water has a gimilar origin. The hydraulic gradient
in the shallow water-bearing beds in the valley is toward the northeast, aw~y from
the river, showing that these beds receive their recharge from ‘the river. A minor
amount of recharge, however, probably comes from the mountains in Mexico, and
some underflow may take place through the passes at the north and south ends of
the Sierra del Paso del Norte. The amount of the total recharge is estim ated at
about 10 to 15 million gallons a day.

Two cones of depression in the water table have been formed by the pnwmping
near El Paso—one in the vicinity of the Mesa well field, the other around t}» Mon-
tana well field in the valley. The water released from storage by the fo~mation
of the cone centering in the Mesa field was calculated at 22,000 acre-feet, but the
total pumpage was estimated to have been 90,000 acre-feet. ’i‘hus, about ona-fourth
of the total pumpage was teken from storage; the remaining three-fourths apparently
was taken from recharge. About 210,000 acre-feet of water has been pump~d from
the cone of depression in the El Paso Valley in and near El Paso. e volume of
this cone could not be determined because there are artesian conditions in tl ig area.

Computations were made of the amount of water that would be recoversd from
storage if, for'a distance of 10 miles north of the Mesa well field, the water level in
a series of wells were drawn down the same amount as the present drawdown in the
wells in that field. The water that would be recovered from storage in the forma-
tion of this depression in the ground water surface was calculated at about 180,000

1

.



2 GROUND-WATER RESOURCES, EL PASO AREA, TEX.

acre-feet, the equivalent of about 714 years’ sup;lﬂy at the 1935 rate of pumping.
It is, of course, available in addition to the annual recharge.

The sudden increase in 1924 in the salt-water content of the water from El Paso

well 3 (well 52), in the Montana well field, was shown to be the result of a lerk in the
casing at a depth of about 127 feet, and the well was successfully repaired during
the investigation. However, the chloride content of all of the wells in the field has
been mcreasingb radually. This may indicate that salty water is being pulled in
from considerable distances or that the barriers between the fresh-water-bearing
beds and the salt-water-bearing beds above -them are not capable of preventing
vertical movement of the ground water. The fact that in the valley tl = static
water level in the shallow beds yielding poor water is higher than that in th~ deeper .
beds is disquieting, and if the level in the lower beds continues to decline, seepage
from the river eventually force the shallow highly mineralized water laterally
and perhaps downward into the beds bearing fresh water. The pumpage from deep
wells in the valley should be maintained at a minimum; eventually it may neces-
sarily be discontinued because of increasing mineralization of the water. Additional
wells should be drilled in the El Paso Valley only as needed to maintain the pumping
at its (Fresent rate, but wells intended to supply large quantities of addition~ water
should be drilled in the area north from the l?\/Iesa well field. :
. Measurements of the water levels in selected wells should be made at regular
intervals, and samples of water should be collected and analyzed every 6 months
to determine the accuracy of the conclusions regarding the quantity of potable
water available for the El Paso supply. These records, if continued, also will give
advance warning of  conditions that would require decreasing the pumpage in
existing wells or the development of new wells many years before the actual need
for such changes arises. '

INTRODUCTION
GEOGRAPHY

El Paso, which according to the 1940 census has a population of
96,810, is in the extreme western part of Texas on the Rio Grande, just
below the pass between the Franklin Mountains and the Sierra del Paso
del Norte in Mexico, known since Spanish times as ‘““the Pass of the
North.” (See pl. 1.) The city lies like a great crescent around the
south and southeast flanks of the Franklins, most of it within the Rio
Grande Valley, but toward the northeast it extends onto the adjacent
uplands, where it is adjoined by Fort Bliss, a cavalry and artillery post.
at which in 1939 some 2,500 troops were stationed. Ciudad Juarez,
which has a population of 39,375 according to the Rand MeNall com-
mercial atlas for 1937, is across the river from El Paso. The valley
downstream from these cities on both the American and Mexican sides
of the river is thickly populated. The uplands bordering. the valley,
with the exception of the area around Fort Bliss, are very sparsely

.populated. .

From a point about 50 miles upstream from El Paso the Rio Grande
flows south-southeast in a broad, flat-bottomed valley along tke west
side of the Franklin and Organ Mountains. This valley is 6 to 8 miles
wide and about 350 feet deep and is known as the Mesilla Val'ey, or
locally as the Upper Valley. Irrigated with water impeunced by
Elephant Butte Dam, it constitutes a garden spot in the midst of the
surrounding desert. The valley is bordered on the west by La Mesa,
a broad, nearly level plain that extends from near Las Cruces, N. Mex.,
far southward into Chihuahua, Mexico, and on the east by a narrow
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plain the surface of which has about the same elevation ag Ls. Mesa.
Near the southern end of the Franklins the Mesilla Valley is sharply
constricted, and the river turns abruptly -to the southeast entering a
deep, narrow canyon along the north side of the Rodadero IVills or
Cerro-de Muleros, which lie within the pass between the Frankl'ns and
the Sierra del Paso del Norte. The El Paso Canyon is 3 to 4 miles
long. Below the El Paso Canyon the river continues in a southeasterly
direction through the broad El Paso Valley, locally referred to_as the
Lower Valley. The El Paso Valley, which is similar to the Mesilla
Valley, is about 6 to 8 miles wide and 225 to 350 feet deep. It~ broad
-flat bottom includes large areas of irrigated lands. The valley is carved
diagonally across the Hueco bolson, a broad, gently tilted plain bounded
on the east by the Hueco and leav Mountams, on the west by the
‘Franklin Mountains, on the south by several groups of mo-ntains
constituting a part of the Sierra Madre Oriental chain of Mexi%o, and
on the north near the Texas-New Mexico boundary by a similar pla,m,
the Tularosa Basin. (See pl. 2.) From the floor of the El Paso Valley
the surface slopes upward, at first gradually but becoming steep and
abrupt where it meets the nearly level surface of the bolson floor.. Thus,
when one looks from the valley either to the north or south, the bolson
looks like a broad, elevated tableland, and for this reason 11; is locally
referred to as the Mesa.

‘PURPOSE AND SCOPE OF INVESTIGATION

Because El Paso is in an arid section of the country, public water
supplies must be obtained from wells or from the Rio Grande, and it is
.of the utmost importance to the residents of the area to know tn what
extent each of these sources may be depended on for future supplies.
For many years the water supply for El Paso and its industries and for
Fort Bliss and Ciudad Juarez have been pumped from wells. In 1921
Lippincott! reported on the water supply of El Paso, making a special
study of the possibility of obtaining the city supply from the Rio
Grande. He found that at times the water in the Rio Grande at El
Paso is too highly mineralized to use for a public supply.. Therefore
the use of river water for this purpose would involve the const-uction
at heavy cost of a pipe line to a diversion point-far up the nver Moret
‘over, all the water available for diversion from the nver is nov’ being
used for irrigation; obtaining the city supply from the river, therefore,
would involve retiring a pa’ t of the irrigated lands from lrrngatmn and
should be considered only as a last resort. No other permanent streams
are available for public supplies within a reasonable distance of the
city. = Thérefore, the ground-water supplies must-be utilized to the
‘fullest extent poss1ble, and a thorough investigation of the quant'ty and
quality of ground water available for future use is essential tg ad equate
planning of water-supply developments.

During the summer of 1934 the chloride content of El Paso city well 3
(well 52 of this report) in the Montana field increased rather suddenly
from about 250 parts per million to nearly 400 parts. Attemvts to
locate the source of the contamination were unsuccessful and it was
feared that the increase in chloride indicated that the beds yielding
fresh water were being contaminated by salt water. Because the wells
in the Montana field supplied a ‘considerable proportion of* the total

1Li mncott. J. B., Report on El Paso Water system by city Water Board (manuserint report,
Sepf.ember 1921),
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city supply, the failure of the field would be a serious blow. This
situation tended to emphasize the need for a comprehensive investiga-
tion of the ground-water resources of the area, which should include
determination of the cause of the increase in chloride in well 3 and
whether other wells are likely to be affected, the extent and volume of
the underground water reservoir, the rate at which the water held in the
reservoir can be removed from storage, the amount of water thet enters
the reservoir annually from recharge, and the location of the areas in
which wells are most likely to yield large quantities of potable water.
The El Paso Water Board requestéd the assistance of the Texas Board
of Water Engineers and the Federal Geological Survey. Mr. W. N.
White of the Survey visited El Paso in December 1934 and mrade the
preliminary investigation that has served as the basis for the present
study. In 1935 the city appropriated funds for cooperation between
the Geological Survey and the Texas State Board of Water Er «ineers.
The present investigation was begun in July 1935, and the fie'd work
was actively carried on until August, 1936. ‘

During the course of the investigation the geology of the area was
studied with particular reference to the occurrence and sourcs of the
ground water. All the available well data were collected and. studied,
including logs of wells, records of casing and screen settings, developed
capacity of the wells, total pumpage from the wells, and depth to the
water level in each well that could be measured. Monthly water-level
measurements were taken in selected wells, and pumping terts were
made to determine the permeability and specific yield of the water-
bearing beds. Numerous shallow test wells were bored in the valley
to determine the slope of the shallow water table and the chemical
character of the water. The Works Progress Administration sapplied
the labor for sinking these wells and for digging numerous trerc<hes on
the Mesa to determine the effect of the caliche in that area on the
downward percolation of rainwater. Deep test wells were drilled to
obtain samples of the water-bearing materials for the determin~tion of
permeability and specific yield. Water samples for chemical analysis
were collected from most of the wells in the area, and the character of
the water from various beds was determined by electrical cond ctivity
sests and by chloride and hardness determinations made in the field
on samples of water collected at intervals from wells that were pumped
after being idle for a considerable period.

Resistivity measurements were made by J. H. Swartz and E. L.
Stephenson at nearly 200 stations along two major traverses, ore cross-
ing the Hueco bolson from the Franklin Mountains to the Hueco
‘Mountains and the other extending from the El Paso Valley to the
New Mexico State boundary parallel to the Franklin Mountsins and
2 to 3 miles to the east of them. Measurements also were made along
several shorter traverses. The resistivity work was of an experimental
nature and was financed partly by funds supplied by the Bwreau of
Mines. The labor was supplied by the Works Progress Adminirtration,
and transportation and most of the equipment used was supplied by the
Geological Survey. The resistivity measurements supplement>d more
direct information from other sources on the location of areas in which
highly mineralized water occurs, and on the lpcation of faults. o

The study was made under the direction of O. E, Meinzer, Geplogist
in Charge, Division of Ground Water, and W. N. White, in cl-arge of
ground-water investigation in Texas. e ,
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- R. H. Colvin-and.J. H. Heuser were responsible for direct gu~ervision
of the Works Progress Administration labor used on the invertigation.
Mr. Colvin also ran levels and since 1936 has collected pump~ee data
and carried on the water-level observation program.
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HISTORY OF GROUND-WATER DEVELOPMENT

For many years the lack of shallow water on the Huecm bolson
retarded, to a large extent, the development of that area for pasture.
By 1904, however, some deep wells had been drilled, on the bolson,
., and Richardson? reported that the area afforded pasturage for tI-ousands
of head of cattle.

Water was first supplied to the city by pumping directly from the
river, under a franchise granted to Sylvester Watts in 1882. The first
well to furnish water for the city was known as the Watts we'l, which
was dug about 18923 g few hundred feet from the river and about in .
. line with Third Street extended. It is’ reported to have been 13 feet

in diameter and 60 feet deep. Near the bottom of the well 6«ireh pipes
were pushed out horizontally to the west, north, and south for distances
of 104, 60, and 85 feet, respectively. The horizontal pipes were slotted
after being placed. This well yielded a large amount of water, but
the water was of unsatisfactory quality, as is indicated by an analysis
published by Richardson* in 1908. Consequently, during the time
that water was supplied chiefly from this well,” drinking wrter was
shipped into the city from Deming, N. Mex: The Watts well sup-
plied the city until 1904, and from then until 1918 it was usel during

¢ Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El Paso folio (no. 166}, p. 10, 1909
3 Lippincott, J. B., op. cit, (manuscript report) p. 9, 1921, .
¢ Richardson, G. B., op. cit. p. 11.
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the summer t6 augment the supply from the Mesa field. It Fas not
been used since 1918, but in 1923 it was tested and found to have a
yield of 2,000 gallons a minute with a draw-down of only 24 feet.

It is not possible to find cut who was responsible for the development
of the deep wells on the Mesa, but among the early wells drilled in that
area were those near Fort Bliss, drilled in 1901 by the El Paso & South-
western Ry. (now the Southern Pacific) and at Hereford (now Newman,
N. Mex.), drilled in 1902. In 1904 there were a number of deen wells
on the Mesa and many shallow wells in the valley.’

The Watts’ franchise expired about 1896, and in 1902 the Inter-
national Water Company obtained a franchise, bought the waterworks,
and, because the water from the Watts well was of unsatisfactory
quality, started drilling wells on the Mesa north of Fort Bliss. Seven
of these wells were completed by the end of 1904.¢ In succeeding years
additional wells were drilled, but the water company was financially
unable to keep up with the increasing demand for water. The def ciency
was made up by water from the Watts well. In 1910 the city acquired
the property of the water company and continued to drill additional
wells, and by 1917 a total of 44 wells had been drilled in the Mesa field.
These were pumped from a central plant by air lift, but the cost of
operating and maintaining the plant was excessive because of th< high
lift, the comparatively low yield of the individual wells, and the ineffi-
ciency of pumping with air. Therefore it was decided to explore the
gravels nearer the city and at lower elevations than at the Mes~ field.
In December 1917 construction was begun on city well 1 (well 50 of
this report), at the corner of Madison and Montana Streets near the
eastern limits of the city and in what is known as the Montana, field.
This well proved to be capable of delivering about 2,000,000 gallons a
day and was put in service in 1919. City well 5 (well 41 of this rport),
at the corner of Grama and Morenci Streets, was completed. in 1921
and had a capacity of 1,500,000 gallons a day. According to Lippin-
<130tét,7 these two wells furnished about half of the city water supply in

921.

The Mesa wells were gradually abandoned as other deep wells were
drilled nearer the city, and the field was finally abandoned in 1926.
In 1921 the Mayor of El Paso appointed a Water Board to make plans
for an adequate water supply for the city of El Paso, and they emvloyed
Mr. J. B. Lippincott as their consulting engineer. In hig report
Lippincott concluded that it would not be wise to develop the city water
supply from wells in the existing fields any longer than was necssary,
‘““because it is probably possible to obtain a more copious sur»ly of
water at a cheaper cost unmenaced by pollution and fitting into a plan
of distribution in a better way, looking towards the ultimate supply
from Elephant Butte Reservoir.” To meet the immediate needs of the
city he recommended the drilling of two more wells in the Montan- field,
and for future developments he recommended prospecting for water with
test wells northwest of the city in the Mesilla Valley and the develop-
ment of a ground-water supply in that area. Thus, when the city had
sufficient funds to finance the development of a surface-water supply
from Elephant Butte Reservoir, or some other reservoir on the Rio

5 Slichter, C. 8., Observations on the ground waters of Rio Grande Valley: U. 8. Geol. Survey
Water Supply Paper 141, 1905.

® Slichter, C. 8., op. cit., p. 18.

7 Lippincott, J. B., op. cit., p. 12,
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Grande above the city, a part of the pipe line would be.in plage ready
for use. Two test wells were drilled in the Mesilla- Valley,.but as.
both of them yielded salty water, the project to develop.a supply of
ground water in the Mesilla Valley was abandoned and. develogments
were continued in the El Paso ared. Deep wells have been. drilled by .
the city in its business section and in the Montana and Mesa well fields
to meet the increasing need for water. Wells also have been drilled
in the city by industrial organizations, on the Mesa by the United
States Government at Fort Bliss and by ranchers and ‘others, and in
Ciudad Juarez by private organizations and by the city waterworks.
From 1928 to 1930 the proven area of potable water in the valley was
extended to the southeast when two wells were drilled: by the F~sotex
Petroleum Co., one by the Texas Co., and one by the Nichols Copper Co.
to obtain water for oil or copper refineries in the area just east of th < city.

The table on page 51 shows the increase in the demand for fresh water
in the El Paso-Juarez area from 1906 to 1941. ' _

CLIMATE

The climate of the El Paso area is typical of the arid to semiarid parts
of southwestern United States and northern Mexico. The majority. of
the days are clear and sunny and therefore warm. The nights are cool,
because the altitude (3,700 to 7,000 feet) is such that the heat stored
during the day is rapidly radiated away. The annual rainfall is s bout 9
inches and a large part of this occurs in heavy thundershowers in July,
August, and September. There is usually a breeze and late in winter
and in spring high winds and sand storms are common. The average
humidity is very low, 38.8 percent, and therefore evaporation i+ high,
as is shown in the following table. h

Monthly and annual depth of ev,aporatz'on (inches) at El Paso

[Compiled from the means of tri-daily determinations of dew-point and wet-bulh observations in
. thermometer shelter, U. 8. Signal Service, 1887-88] :

JANUALY e . 4.01August.____ ... 7.7
February. .. ________ 3.9 |S8eptember.___._._____________ --- b.8
March. ... .. 6.0 | October...._._. e e 5.2
April._ .. 8.4|November_____.__._____________. 4.6
May. . . 10.7{ December_ ... ___._________ 2.9
June.__ ... 13.6i{Annual _________.______________ 82.0
JUY oo .. 9.4 .

Although the maximum ‘temperature recorded is 106° F. aud the
minimym is —5° F., the usual annual range in temperature is not nearly
so great as in more northerly areas. The mean monthly and annual
temperature are given below as of 1930. - ‘

Mean monthly and annual temperature (°F.) at El Paso

Max- | Mir- | Aver-
) Month imum |imum | age
B L U P 57.6 | 32.3 | 44.9
Febraary .- 11 1IIIITIITTIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIITTT 62,2 | 3676 | 495
March 42.2 | 69.1 | 55.8"
77.1 | 49.6 | 63.8
85.2 | 57.9 | 71.9
93.6 | 68.0 | 80.6
92.8 | 69.3 | 81.6
pe e \g il
eptember. - . . .
October. 77.0 | 50.9- .0
65.86 N39.3 | 52.4
56.5 | 32.9 | 44.9
76.1 | 50.8 [ 63.6 -




8  GROUND-WATER RESOURCES, EL PASO AREA, TEX.

The following tables taken from reports of the Weather Bureau show
the precipitation from the beginning of the record to December 1936.
The mean annual precipitation from the beginning of the record to
1927 is 9.16 inches, the highest annual precipitation is 21.81 in 1856 and
the lowest is 2.22 inches in 1891, -

Monthly precipitation at El Paso, El Paso County, Tex.
[Altitude 3,762 feet.]

Year | Jan. | Feb. | Mar. Apr.' May | June | July | Aug. | SBept. | Oct. | Nov. | Dee. [Annual _

2178 PN IR RGN PR ARSI SN .10 1 5.71 [ 3.70 541 .00 50 [Lo..-.
1855| .00 | .00 j...... 00 (... .. 05| .16(1.12(17.22|1.05|1.25( .00 |.___..
1 .88 |5.562.02( .00| .00 58 | 2.20 | 3.38 | 7.00 0| .75 00 |21.81
1857 0| .50 .00 (... __ .00 1.52 | 8.73 | 4.15 7 [ .07 e oo PR
1 25| .15| .086| .00} .00 19 | 1.52 | 2.42 | .40 00! .01} .00 .00
1859 10| .10 .00( .01 .01 1.60 [ .22 1.11 70| .95 .00 | 4.83
1 241 .00 01 .00 30} .53 .08 18 |caveen .20 | .45 |oeoo-.

;

1. . .
1. f . 2, . . .
1 1.01 T .30 10 .00 |6.54 | 3.60 .80 02 | 1.58 |14.87
18811 .35 . .01 2211.83 ] .02|8.18|3.15)1.44 ) 1.45 .78 118.17
1882, .64 78 | .38 10| .43 [1.267| 2.82 .40 1.46 | .00 | 8.2
1883 .10 40 | 2.09 10 02| .04 (2.8 |1.84)|2.51])2.08 61 .84 |12.9:
1884 55 .33 91 .11 .46 | 3.98 [ 3.68 | 5.15 22 | 2.07 |18.30
1885 12 03 .84 04 1.27 1 2.63(1.06| .46 .22 46 31 .87.17.31 ¢
1 .31 44 .28 T .0111.03|1.62(1.85] 1.16 52| .04 8.08
1887 .03 1 .32.f .09] .13| .34| .73]1.68| .94 78 | .56 [ 1.01} 6.76
1888 32 | 1.51 95| .74 1 .42 1.8911.82| .49)1.13|1.82| .05 9.79
1889 76 | .1 .67 .04 00| .28 1.59 .04 | 2.64 35 55| .00 7.10
1890 72| .02} .01 .06 .63 .95 3.25| 1.81 41 35| .28 8.49
1891 27 .09 .16 | .00 .38 | .40 . .13 .23 T .60 | 2.22 .
2| 1.25| .57 | .30 | .11 T 1.14 | .07 .12 22| .93 .61 | 5.32
1893 | . 52 .81 .00 1 2.28 T |2.08(3.15] 2.08 T .02 .42 (10.88
1894 33 20| .13 .01 1 01} 1.4 641 .40 .39 .00 .63 | 4.24
1895 51 .17 .05 T |[2.11 21| 2.48 2.86 .28 | .88 1.05|. .31 )10.20
1896 | 1.63 14 T |- T 2.78 | 1. 1.48 | 2.02 .04 ‘.'gg 9.79
1807 .54 00| .06} .14 46 | 2.17 | 2.89 | 2.57 | 2.73 Nt T 12.41
1898 .25 .43 | .81 01 6| 1.46 | 1.00 ( .50 T .16 | 1.04 | 6.16
1833 .06| .08{ .28 .88 61]38.08] .91 .64 1 .01 64| .21 7.30
19 11 .26 | .02 41 27 12.38| .43|2.18|1.23| .,23| T | 7.95
1901 .35 68 1 .47 47 05 3911.05| .84 .82|298|1.05; .03 8,68
1902 | .57 01 .00 00 0113.27({2.851.8| .31 .49 1 .78 110.13
1903 61(1.090 .15 54 2912.5011.191.73 | 8.52 .00 .60 | .01 (11,63
1904 01 .00 .59 | 2.24 | 3.50 | 3.51 .01 .84 11,
1905 86 | 1.88| 1.46 | 1.38 03 |2.1272.56( .58(2.291.28|2.40 1.02 [17.80
1906 1.37 | .01 .40 90 2.02|4.10 | 1.18 |' .44 | 2.50 | 1.20 |14.99
1 42 T T .07 10 76 | .85|2.50, .96|2.,52! .73 T 8.41
1908 10| .26 .35]| .88 01 2.07 | 2.55 T L1211 .45 .15 ['6.94
i 04| .16 .77 00 05(1.62; .51| .60 .02 T .56 | 4.33
10 21 ég T T T 1.35| .60 1.181 .24 .02 | .03 | .30 4.
1811 36 ], . 43| .47 .3912.36(38.43| .45(1.00) .43 | .35, .24 (10,77
1912 00| .15 .96 T 1.27 | L.11 .38 [ 1.77 .60 [ .80 .48 (10,14
1913 34| 1.26| .20 .14 T 91| 1.31 .54 | .60 T 971 .76 | 6.
1914 03| .53} .1 .47 | 1.23 1 1.47 1 4.91 | 1.85 56+ .80 1.13 | 3.94 |17
1915( 1.01 | .59t 1.34 | .20 2.45 2.68| .18 .01 { .43 |10.26
1916 66| .02 . .20 431 .00 .59 3.07 .55 1 1.07 .52 1 (821 7.77
1917 2 T .07 T 14| .36 | .41]4.39| .76 T .04 00 i 6.49
1918} 1.20{ .01 .08 00 05 1.52 | 1.66| .01} 1.03]1.04 78 | 8.21
1919 .20 | .62 85 14 27 | 1.87 721 3.03] .97 | .98 12 | 9.87
1920 1.06 83| .22 03 03 99 | .84 | 1.33 81| .57 .21
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Monthly pmn‘pitaéion at El Paso, El Paso County, Ter.—Continued,

Year| Jan. | Feb. | Mar, [ April | May | June | July | Aug. | Sept. | Oct. | Nov. | Der. |Annual
1921 .06 .26 04 .01 .31 79 1 2.13 351 2.49 W11 .22 16 | 6.92 '
1922 30 T .16 28 36 .05 11,08 .27 | 1.07 .36 .29 4.30
1923 84 | 1.41 .33 04 01 .09 .20 1 2.96 .41 .58 53 9% | 8.13
1924| .40} .13 41 32 T 3.00 | 2.58 .14 .24 01 031 7.28
1925 .03 05 |- T T 59 171 1.40 | 2.16 | 1.03 .79 02 27 1 6.51
1926 54 17 11,49 11,11 70 .11 1 38.31 27 | 2.24 .89 15 72 111,78
1927 05| .18 .28 T .10 ) 2,52 1 1.34 ) 1.0¢4 .02 T 72} 6.25
1928 T .71 .05 22 96 T 1,151 2.69 .04 | 1.47 .79 13 | 8.21
1929 T .29 .21 T 1.51 .54 3.0111.18 12| 1.60 .33 501 9.29
1930 .17 .18 03 T 6 .53 1.33 /1 .04 .75 74 43 1 6,09
1931 .83 | .89 .38 | 2.24 06| 1.34 312,14 1.10 .14 .64 30 110.79
1932 17 .68 .03 T 1.46 .15 2.28 | 2,14 | 2.85 .53 .00 65 110.95 |
1933 19 .23 T 09 4| 2.14 ) 1.34 | .99 .60 .04 5.93
1934 01 .12 .24 05 37 .01 .19 60 W17 .44 .21 321 2.73
19356 24 .47 L14° 02 17 09 16 [ 1,721 1.24 .14 92 34| 5,65
1936 §7 .08 T 11 56 34 68| 1.94 | 3.52 32 1.32 51} 9.93

Mean| 0.40 { 0.45 | 0.80 | 0.20 | 0.26 | 0.58 | 1.66 | 1.85 | 1.56 | 0.82 | 0.55 | 0.43 | 9.16

Nore:—From August 1850 to December 1876 the values given are for Fort Bliss, which was then
located 14 miles northwest of El Paso on the Rio Grands, '

Figure 1 gives the rainfall and the cumulative departure from mean
annual precipitation from the beginning of the continuous record in 1879
to 1936, and it shows that from 1880 to 1884 the precipitation gpreatly
exceeded the mean; that from 1885 to 1901, although there were occa-
sional years in which the precipitation was above normal, it was gener-
ally less than normal; that from 1901 to 1915, with only four exceptions,
the precipitation was greater than normal; and that from 1916 to 1936,
with tlhree notable exceptions, it has been greatly below normal, or
normal. .

A regional variation in precipitation was indicated by the records
from three recording rain gages established and maintained during the
investigation, one at the gEmergency Landing Field near the Hueco
Mountains, one at Newman, N. Mex., and one near Indian Springs in
the Franklin Mountains. The gage at Newman was installed Seotem-
ber 20, 1935. Up to September 23, 1936, it recorded a total r~infall
of 6.62 inches, whereas the rainfall in El Paso during the same period
was 7.77 inches. The gage at the Emergency Landing Fiell was
established October 14, 1935, and removed July 25, 1936, during which
period the total rainfall recorded was 3.83 inches. During that period
the rainfall at El Pagso was 3.50 inches. The gage at Indian Springs,
which was installed October 9, 1935, and removed July 29, 1936,
recorded a total rainfall of 4.65 inches during that period, while th~ gage
at El Paso recorded a rainfall of 3.50 inches. These figures indicate
that the rainfall in and near the Franklin Mountains was somewhat
greater than that on the bolson at a considerable distance frowa the
mountains, and that the rainfall in the Franklins was somewhat greater
than that in El Paso, at the southern end of the mountains. The
records, however, were not of sufficient duration to prove that the
precipitation at these localities would be consistently greafer or less
than the precipitation at El Paso. -

GEOMORPHOLOGY

The El 'Paso area presents an assemblage of topographic forns that
does not permit it to be placed wholly in any physiographie province.®
s Richardson, G. B., U. 8. Geol. Burvey, Geol. Atlas, El Paso Folio (No. 166), p. 1, 1909.

\
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, GEOMORPHOLOGY - - . 11
The Franklin Mountains, with their complex systems of faults, and the
‘Hueco and La Mesa bolsons are characteristic of the Basin anc Range
province. (See pl. 1).. The intensely folded mountains soutl of the
Rio Grande in Mexico are typical of the western branch of the Sierra-
Madre Oriental of Mexico. The Malone, Finlay, and Hueco Moun-
tains® are arched into gentle folds that are probably an outer branch
of the system of close folding of the western branch of the Sierrs. Madre
Oriental of Mexico. )

BOLSONS AND VALLEYS
' HUECO BOLSON

The term bolson, from the Spanish for purse, was applied by Hill®
to the intermontane basins of the Trans-Pecos region of Texas and New
Mexico. In its usual sense the term means a closed basin with centri-
petal drainage. Hill, however, included under the name Hueco bolson -
all that part of the trough, having a length of some 200 miles and an
average width of 25 miles, that lies between the Franklin-Organ-San
Andreas and the Quitman—Malone—Fin]ay—Hueco—Sacramento el ~ins of
mountains. A few years later, Richardson!! stated -

In a'large way this intermontane lowland is a unit, but it is divided into two
distinet parts by a low transverse divide a few miles north of the State bundary.
The northern part, known as the Tularosa Desert, trends north and south. and is a
closed basin with no drainage outlet. A large part of its surface is charvcterized
by salt marshes and dunes of gypsiferous white sands. The southern part of the
lowland trends northwest and southeast, contains no salt or gypsum, and is tra-
versed by the Rio Grande. .

Thus the Hueco bolson, locally known as the Mesa, lies south of a
low indefinite divide which ‘““on the west approaches within a fex miles
of the Texas State line but swings northward in the vicinity of the
Jarilla Mountains.”!? The margin of the bolson extends along the east
side of the Franklin Mountains to the Sierra del Paso del Norte a few
miles south of-the international boundary. (See pl. 1.) Trere it -
swings to the southeast along the Sierra del Presidio and the Sierra de
Guadalupe to the Sierra de San Ignacio near Gaudalupe, Chil'uahua,
Mexico, from where it continues southeastward along the Rio Gronde to
Fort Quitman, Tex. Thence it follows north-northeast alcng the
Quitman, Malone, and Finlay Mountains to the south end of the Huecos,
and northward to the Jarilla Mountains. The average width of the
bolson is about 20 to 25 miles. . Its length is about 40 miles along the
west side and 60 miles along its east side. ‘

The Hueco bolson is a deep structural trough partly filled wit
detritus, having a total thickness of over 4,920 feet,!®* which has been
washed into the basin from the adjacent mountains. Although the
present surface has the appearance of a nearly level plain, sctually
it rises, appreciably toward the east, somewhat less so toward the north.. '
On the west side of the bolson, near Fort Bliss, the altitude ir about

* King, P. B, Outline of structural development of trans-Pecos Texas: Am. Assoe. Petrolem Geolo-

gists, Bull., vol. 19, p. 245, 1935. j g
10 Hill, R. T., Physical geogrgphy of the Texas region: U. 8. Geol. Survey Topographic Atlas, folio

no. 3, p. 8, 1900,

n il?e.hardson. G. B., op. cit., p. 2, 1909, * .

12 Meinzer, O. E., and Hare, R. F., Geology and water resources of Tularosa Basin, N. Mex.: U, 8.
Geol. Survey Water Supply Paper 343. p. 11, 1915.

13 Baker, C. L., Major structural features of trans-Pecos Texas, The Geology of Texax. vol. 11,
Structural and economic geology: Texas Uniy. Bull., 3401, p. 204, 1934. \
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3,900 feet above sea level, while on the east side, near the Hueco Moun-
tains, it is about 4,200 feet, a rise of 300 feet in about 17 miles. O:x the
west side near the New Mexico-Texas boundary, about 14 miles north
from Fort Bliss, the altitude is about 4,000 feet, a rise of about 100 feet.

As shown by the U. 8. Army topographlc sheets of the Fort Blis® and
Orogra,nde quadrangles, there are four shallow depressions, elongated
ift a notth-south direction, along the west side of the bolson about 2 to'
" 3 miles east of the Frankhn Mountains. One of these is just north
of Fort Bliss, another is about midway between Fort Bliss and the State
line, a third is on the Staté line, and the fourth is south of the Dons. Ana,
target range, in New Mexico about 5 miles north of the State line.
These depressions form the lowest parts of the Hueco bolson. From
them the surface rises rather rapidly and.smoothly toward the Franklin
Mountains across coalescing alluvial fans formed by recent outwash
from the mounfains. This even slope is interrupted over much of its
extent near the mountains by an abrupt east-facing escarpment 10 to
50 feet high, but it ‘continues unbroken in the floors of the narrow éan-
yons carVed into the Bench above the escarpment.’* The slope of the
surface of the bench above the escarpmient is somewhat more gentle -
than that below. Near the middle of the Franklin Range the alt‘tude
of this bench or terrace is about 4,250 feet; toward the south it becymes
lower, and opposite Fort Bliss, near the southern end of the Franklins,
the altitude is about 4,000 feet. Farther south only remnants of the
bench remain, bBut these may bBe traced around the south end of the
Franklins into the high terrace of the Rio Grande on the west side of
the mouuntains.

Eastward from the line of depressions near the Franklins the bolson
surface rises gently toward the Hueco Mountains. - Two to four miles
west of the main mass of the Huecos there are a number of hard-rock
outliers, which rise sharply above the relatively smooth bolson, and in
this area the surface begins to rise fairly rapidly across coalescing allwvial
fans, reaching an altitude, near the base of the main mass of the moun-
tams of more than 4,250 feet above sea level.

Breakmg the even surface of the bolson are at lea,st 8ix sharp east-
facing escarpments, 10 to 30 or 40 feet high, which form the we-tern
Boundary of long, narrow, asymmetrical depressions, of whicl the
lowest, part is near the escarpment and from which the surface rises
eastward to the general level of the bolson over a distance of .one-half
to three-quarters of a mile. (See pl. 1.) Nearly all the depressiors are
somewhat sinuous, but dll have a north-south trend. As indicated by
their, asymmetnca,l shape and sub-parallel trend they are not drainage
channels but definite structural features. ' In fact the Hueeco bolson
has none but short poorly developed drainage channels near the Rio
Grande Valley. The precipitation on the bolson is lost almost entirely
by ' evaporation, infiltration, or transpiration. Numerous drainage .
channels cross the alluvial slopes near the mountains and some of this
water enters the depressions and forms temporary lakes. Ther: are
also many draws along the valley of the Rio Grande that form reent-ants
in the valley wall, but with a few notable exceptions, such as the draw
near Fort Bliss and San Felipe Draw near Fabens, these reent-ants
extend only a short distance into the bolson. South of the Rio Grande
only a small part of the bolson surface remains, most of it having been

v

14 This escarpment is well shown in ;')late 10 of U. 8. Geol. Survey Water-SBupply Paper 343,
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dissected during the carving of the. El Paso Valley. The terraces and
benches formed then are well displayed near the Sierra de San Ignacio
southeast of the village of Guadalupe, Mexico. The surface of the:
upper bench rises gradually to the pass between the Sierras de San.
Ignacio and de Guadalupe and to the pass between the Sierras de
Guadalupe and del Presidio, but between the Sierras del Presidio and
del Paso del Norte erosion bry tributaries of the Rio Grande has formed
an escarpment about 50 feét high, only a narrow remnant of the bolson
surface remaining. It is evident, however, that it was originally con-
tihuous with the surface of the Samalayuca Valley. Similarly, near’
the north end of the Sierra del Paso del Norte the bolson is almost
entirely destroyed by erosion, but at one time it was evident'y con-
tinuous with the surface of La Mesa.

‘The dominant soil of the bolson is fine 'sand, classified chxeﬁy as
Reeves fine sand and Reeves fine sandy loam,!s with which is mixed &
small amount of silt and gravel. It supports a scattered vegetal cover
consisting largely of mesquite with some creosotebush and sagebrush.
. The mesquite, which rarely grows more than 2 or 3 feet above ground,
catches and holds the drifting sand, growing above the sand as it
accumulates and anchoring it in place, thus forming innumerables small -
mesquite-covered dunes 4 to 5 feet high. (See pl. 3, A.) The soil in-
the depressions is silty or clayey, but the westernmost depression,
because it is the lowest and widest and is subjegt to inundation by storm
waters from the mountains during exceptionally heavy rains; shows the
widest area of clayey soil. This soil supports a growth of grasres and-
‘low brush, mainly creosotebush. Except near their outer- margins, -
the alluvial slopes of the Franklins and the Huecos are covered ‘with
gravel, which according to available well records and to the geophysical
explorations carried on during the investigation extends to a depth

of several hundred feet. This gravel supports a sparse veg-tation
of desert -plants, including creosotebush, lechugmlla and varieties .of
yucca and of cactus.

TULAROSA BASIN o

" The Tu’lari)sa Basin, which is the northward extension of the Hueco‘
"bolson (pl. 1), has been described in considerable detail by Me‘nzer.'®

LA MESA

West of the Franklin Mountains is another broad plaln c&lled La’
Mesa,!” similar in general appearance to the Hueco bolson, which’
extends as a nearly unbroken surface from Las Cruces southward into
Mexico and is bounded on the west by the Potrillo Mountains and. on
the east, and north by the valley of the Rio Grande (Mesilla Valley).
This plam which originally extended northward from Las Cruces for
about 100 miles and eastward to the Franklin Mountains, has s'nce its’
formation been divided by the -Ria Grande inte a northern part known
as the Jornado del Muerto, a southern part known s La Mesa, and an
eastern part. consisting of a ' dissected pediment about 350 feet above the
river on the flanks of the Franklin Mountains. The surface of La Mesa ,

15 Carter and others, Soil )mrvey (reeonnalssance) of the Trans-Pecos area. Texaa U. S Dept. of
Agrigulture, Bureau of Chemistry and Soily, series 1928 no. 35, pp. 27-28, 1

16 Meinzer, O. E., and Hare, R. F., op. cit. (Water-Su lyP er 343), p.

17 Lee, W. T., ‘Whater resources of the Rio Grande V ey in New Meneo and then- dev‘lppment
U. 8. Geol. Survey ‘Water-Supply Paper 188, pp. 9-11, 1807,
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is nearly level and has practically no drairage lines except the short,
steep-sided arroyos near the Rio Grande, but, like the Hueco bolson,
it has a number of elongate, shallow depressions, which may be of
structural origin. The surface of La Mesa also is marked by several
circular craters, such as Kilbourne Hole, 1 to 2 miles in diameter and
one hundred to several hundred feet deep, which, according to Darton, '8
were probably caused by a volcanic explosion. The altitude of the sur-
face of La Mesa near Las Cruces is about 4,250 feet above mean sea level,
which is the same as that of the southern part of the Jornado del
Muerto. From Las Cruces the surface slopes gently toward the south
and at the international boundary its altitude is about 4,100 feet. The
slope continues south of the international boundary, without per-
ceptible break, into the lake region of northern Chihuahua.

The surface of the northern part of La Mesa is covered chiefly with
gravel, except in the vicinity of Afton, N. Mex., where there are several
large areas covered by recent lava. Toward the south it becomes more
sandy and near the International Boundary there is an area of migrating
sand dunes, extending from several miles north of the boundary south-
ward into Chihuahua, Mexico, a distance of 50 or 60 miles. "South of
Samalayuca, along the west side of the Sierra del Presidio, individual
dunes attain a height of 200 to 300 feet and the dune area is 20 to 30
miles wide from east to west.

The materials underlying the La Mesa area are similar to those under-
lying the Hueco bolson, consisting of unconsolidated sand, clay and
gravel. They have not been thoroughly explored, but in some places
they are known to have a thickness of more than 1,000 feet.

LAKE REGION OF MEXICO

South of the international boundary, on the lowest parts of the
surface of La Mesa are a number of lakes and lake beds! These are
Laguna Palomas, 5 miles south of Columbus, N. Mex.; Leeuna
Tildio, about 25 miles southeast of Columbus; Laguna Guzman, 30
miles south of Columbus; Laguna Santa Maria, about 45 miles south
of Columbus; the Barreal, an ancient lake bed about 50 miles southeast
of Columbus; Laguna Federico, about 60 miles southwest of Colurmbus;
and Laguna de los Patos, about 65 miles south of Ciudad Juarez. All
except Laguna Federico lie near the southern margin:- of La ]fTesa.
Laguna Federico is about 20 miles west of La Mesa and is separated from
it by mountains.

The maximum extent of Laguna Guzman (see pl. 4, A) is abot 16 .
miles from north to south and 5 to 7 miles from east to west.’* It is
3,920 feet above mean sea level or about 220 feet above the Rio Grande
at El Paso. The lake forms the terminus of Rio Casas Grandes (Rio
Fusiles), which rises in the Sierra Madre Occidental to the west.
Although normally a sizable lake, it was nearly dry in September 1935
and has been dry several times within the memory of residents living
in the area. (See pls. 1 and 3, B.) It is reported that the use of water
for irrigation from the Rio Casas Grandes and its tributarier has
increased magterially since the revolution, and this probably has played

19;;z‘;Daﬂ;cm. N. H., Guidebook of the Western United States: U. 8. Geol. Survey Bull. 845, p. 134,

19 Brand; D. D., The natural landseapes of northwestern Chihuahua: New Mexico Univ. ﬁl‘!l., vol.
5, no. 2, p. 70, 1937. )
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an important part in causing the present low stage of the lake. The
wave-cut terraces north of the present lake and the wave-ct cliffs
about 30 feet high on the west side of the lake indicate that it was
formerly much larger and deeper than at present.

Laguna Santa Maria, which is 16 miles long in maximum extent and
from 2 to'5 miles wide,2? has an altitude of 3,820 feet above mean sea
level or about 120 feet above the Rio Grande at El Paso. The lake is
the terminus of Rio Santa Maria which rises in the mountains to the
south. It was dry when visited in 1935 and, according to Branc'.?! even
in normal years it probably is dry most of the year except.for sor~e pools
around the springs at the lower end of the delta of the river. Asin the
case of Laguna Guzman, irrigation in the headwaters of the ti"butary
stream may be partly responsible for the present low level of the lake.
Brand says, “Former highwater marks along the northwestern shore
.indicate occasional rises of many feet, at times even to the covering of
the springs which are now surrounded by vigorous growths of grama
and other grasses.” The ancient shore lines indicate that the lake
was formerly much larger. It may havp extended southeastw~rd and
included the Barreal, but it is now hemmed in on the west and east by
lava and limestone hﬂls, and on the north a great mass of lava (Sierra
Malpais de la Laguna) shuts off a probable former connection with
Laguna Guzman.

Laguna de los Patos has a maximum extent of about 8 miles northrand
south and about 3 miles east and west. It has an altitude of about
2,870 feet above mean sea level or about 170 feet above the Rio Grande
at El Paso. It is fed by Rio Carmen, which rises in the mountains
south of the lake, and by a number of springs, which emerge from the
dunes that surround the lake. The water from most of the springs is
somewhat mineralized, but it supports a growth of vegetation that
includes grasses, tules, catta,ll and eottonwoods. The lake was nearly
dry when visited in 1935, but a,ccordmg to Brand?? it was a permanent
}ialfle up to 1925 and is reported to have contained carp (?) and other

shes.

Laguna Palomas is a small lake or series of lakes fed chiefly by water
from the Las Palomas spring. It is the terminus of the drainags basins
of Las Palomas Arroyo and Mimbres River. These streams lo-e their
water and become dry far upstream from the lake. Darton?® reports
that the flow of the Mimbres River generally does not extend far
beyond Deming, N. Mex., but that occasionally it flows into a shallow
lake in the wide valley east of the Florida and west of the Potrillo
Mountains, and that for short periods in 1904, ‘1905, and 1906 the
Mimbres flowed nearly to the Mexican boundary for the only time in
18 years. ‘““In recent geologic time, however, it flowed through thls
valley and out into Palomas Lakes and other basins in Mexico.”
Palomas Arroyo empties directly into Laguna Palomas, ‘“but ordinarily
the flood waters even of cloud-bursts mostly sink in the porous bolson
soil.” Brand?¢ states that at extreme flood periods the main Mimbres
channel is near Arena, 14 miles east of Columbus, which would indicate
that the Mimbres formerly flowed into Laguna Tildio. At present the

20 Brand, D. D., op. cit., p. 63.

21 Brand, D. D., op. cit., p. 64. ,

22 Brand, D. D, op. cit., p. 60,

28 Darton, N. H Geology and underground water of Luna County, N. Mex.: U. 8. Geal. Survey
Bull, 618, p% 14 111—112 191

24 Brand , op. cit., p. 71
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water from Laguna Palomas is conveyed by two canals to.Laguna
Tildio, 30 miles distant. As indicated by Brand, the Tildio Pasin is
about 12 miles broad and may extend from the bluffs north of Tildio
tanks to the Barreal, a distance of about 40 miles. Southeast of Lake
Guzman, some 10 miles northwest of the station of the National Rail-
ways of Mexico, Los Medanos (the sand dunes), and east of Lake Santa
Maria, is the Barreal, a large level area, many miles across, of shiny-
crusted clayey soil supporting almost no vegetation, presumably because
alkaline ground water lies within a few inches of the surface. . It is
surrounded by wave-cut cliffs some 20 to 30 feet high. Since these
cliffs are cut both in unconsolidated deposits and in igneous and meta-
morphosed rock, this areais without doubt the bed of a lake that formerly
existed for a considerable period.

Sprmgs are numerous in the lake region of Mexico. Las F-~lomas
spring, which Brand considers to be fed by the underflow of the Arroyo
Palomas, had a discharge of about three second-feet when visited in
1935. Carrizal ,Springs about 26 miles southwest of Villa Alumada
have a flow of several second-feet. Federico Springs southwest of La
Ascension largely maintain the water level in Laguna Federico. Several
springs in the vicinity of Samalayuca have a combined flow of several
second-feet. In addition, there are large numbers of springs of varying
sizes that were reported by local residents, but not visited by the
writers. The water of the springs ranges in temperature from cool
to hot, the hottest water recorded being 186° F.%® in the Ojo D! ablo at
the O]OS Calientes de Santo Domingo. The water also varies widely in
chemical character., Water from San Jose spring near Laguna de Los
Patos had a total hardness of 36 and contained 208 parts per million of
chloride. A sample of water from the deep artesian well &t Villa
Ahumada had a total hardness of 270 and contained 1,550 psrts per
million of chloride. A dug well at Samalayuca yielded water that had
a hardness of 232 and contained 34 parts per million of chloride. The
presence of the large number of springs in the lakes region of Mexico
suggests that ground water is rather abundant and in general may be
encountered at relatively shallow depths. However, although rwuch of
the water is of excellent quality, some of it is highly mineralired and
would not be suitable for many purposes.

RIO GRANDE VALLEY

The flow of the Rio Grande in the upper half of its course-is derived
from a few normally small, permanent streams and'from to-rential
rains that occur chiefly in the summer.. Sinee no. permanent streams
enter the valley in the stretch between the Rio Puerco, about 2 miles
above El Paso, and Fort Quitman, 90 miles below El Paso the perennial
flow of the river in this stretch is dependent upon the d1scha,rgo at the
mouth of the Rio Puerco. Before the construction of Elephant Butte
Dam, about 125 miles above El Paso, this discharge was frewvuently
insufficient, because of infiltration and evaporation losses, to maintain
a flow in the vicinity of El Paso, and the river bed was often dry for
months at a time. The river was subject to great and sudden floods,
because the rainfall in the region occurs principally in the form of violent
storms or cloudburgts.? :

% Brand, D. D., op. cit., p. 73. !

26 Lee, W. T., ‘Water resources of the Rio Grande Valley in New Mexico and their devalovment
. u.s. Geol. Survey ‘Water-Supply Paper 188, p. 1, 1907.
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Sinee Elepha.nt Butte Dam was constructed 1t has served to store the
wg.ters of floods and the greater—tha.n—normal discharge that usually
results during spring from the melting of snow in the mountains. The
stored water is allowed to enter the stream below the dam and a more
or less constant flow is maintained at El Paso. However, viol-nt rain-
storms, which oceur downstream from the dam, still cause more or less
destructive floods.

The course of the Rio Grande has been described by Lee? and. Bryan 8
The river rises in the mountains of Colorado and flows alternately
through a suceession of broad basins filled with unconsolidated deposits
and through narrow rock-walled canyons. From its headwaters and
through New MexXico its course is essentially parallel to th~ north-
south-trending mountains. ‘A few miles northwest of El Paso its course
becomes southeasterly and it cuts across the mountains tkrough a

"narrow gorge and across the Hueco bolson to Fort Quitman, where it
commences the great semicircular detour known as the Big Bend.

MESILLA VALLEY

From old Fort Selden, the Rio Grande flows for. about 60 miles south,
pearly to El Paso, in a ﬂat—bottomed steep-walled valley,5 or 6 mlles
wide and 350 feet, deep that is cut along the east side of La Meés*. This
valley is known as the Mesilla Valley. Its wide flood plain 1«8 been
irrigated with water from the river since the early Spanish colonization,
when, because of uncertainties in the flow of the river, the water supply
for irrigation was more or less uncertain. With the construction of
Elephant Butte Dam, a dependable supply of water has become avail-
able, and the valley has become a rich agricultural area.

Dunham? has recognized four erosion surfa,ces or former levels of
the Rio Grande in Dona Ana County, as given below, the first two of
. which were also recognized by Lee.3 :

(1) The uppermost erosion surface, 700 feet above the level of the present Rio

Grande, represented by a small area south of the Sierra de Las Uvas and west of -

Robledo.
(2) The Jornado-La Mesa surface, about 350 feet above the river and extending

from San Marcial, N, Mex., through the Jornado del Muerto and therce south-

ward across La Mesa into Mexico.

(3) The Picacho surface 100 feet above the river and well developed around the
base of El Picacho Peak.

(4) The present river plain.

At the lower end of the Mesilla Valley the river turns abruptl" south-
eastward into the El Paso Canyon, a gorge, 3 to 4 miles long that is
cut through the limestones, shales, and deformed gravels between
Cerro de Muleros and the Franklin Mountains. In this stretch the
canyon is about one-quarter of a mile wide and about 300 fest deep.

On the south side there i is a bench about 200 feet above the river that

appears to be an old erosion surface cut in solid rock. Lee?! referred to
rock terraces at the same altitude as the surface of La Mesa, but.the
writer observed no well-developed terraces at this altltude, although

"’Lee W. T., op. eit., !
% Brya.n. Klrk *he geolo%r and ground-water conditions of the Rio Grande depressmn in Colorado
. 19§ New Maxxco Regional
28 Dunham, K. C., Geology of the Organ Mountai New Mexlco Sbhool of Mmas Burenu of
Mmes and Mineral Reaoumes Bull. 11, I?p 178-181, 1935 (1936).
0 Lee, W. T., 0p. cit. (Water-Supply Paper 188), pp ll and 12.
a1 Lee, W.'T., op. cit. (Water-Supply Paper 188), p.

lanning, pt. 6, vol. 1, pt. 2, sec. 1, pp. 198—-201. Nat. Ruouroos Comin,, _
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there appeared to be small remnants of a 4,100-foot bench 350 feet above
the river. .

EL PASO VALLEY

Emerging from the Kl Paso Canyon the river enters the El Paso
Valley, also called the Lower Valley, which is cut diagonally across the
Hueco bolson to Fort Quitman about 90 miles below El Paso. The El
Paso Valley is similar to the Mesilla Valley in form, but wherees the
Mesilla Valley has a nearly uniform depth, the El Paso Valley becomes
deepér downstream. Near El Paso it is a little over 200 feet deen and
near Fabens, 30 miles below El Paso, it is about 330 feet deep. The
El Paso Valley is about 6 to 8 miles wide and has a flood plain 4 to 5
miles wide, from which the sides of the valley rise rather steeply to the
foot of an abrupt escarpment called the Valley Wall, Rock Rim, or
Mesa Rim, which is perhaps 75 feet high, the last 10 to 40 feet being
nearly perpendicular in many places because of the resistance to erosion
of a layer of white caliche 2 to 6 feet thick that occurs 2 or 3 feet below
the sandy surface of the bolson. The valley wall is quite sinuous
because of the presence of the many dry washes or gulleys that extend
from a few hundred feet to a mile or more into the bolson; one of these,
San Felipe Draw, extends into the bolson nearly 5 miles.

According to Bryan,’? Daingerfield has distinguished two rather
poorly developed erosion surfaces, which reach the river less than
100 feet above its level, and a terrace about 20 feet above the river.
Although in most parts of the valley erosion surfaces and terraces are
poorly preserved, because of the nonresistant character of the bolson
deposits, near Fort Quitman they are better preserved, and there
appears to be a rather well-developed surface on the Mexican side of
the river about 200 to 250 feet above the river level.

Is

MOUNTAINS

Organ Mountains.—The Organ Mountains form a part of the long
chain of tilted mountains that extends from the southern end of the
Rocky Mountain chain in North Central New Mexico to the Rio Grande.
From San Augustine Pass, which has an altitude of 6,500 feet these
mountains extend southward for about 17 miles to Fillmore Pass,
altitude 4,250 feet.?®* The maximum width is about 9 miles. The
range is composed largely of crystalline intrusive and extrusive igneous
rocks with smaller amounts of limestones, shales, and sandstcnes.?
Most of the sedimentary rocks are on the west side of the range dipping
westward. The east side is more precipitous than the west side and is
composed dominantly of igneous rock, suggesting that the topographic
form is due to faulting accompanied by tilting. Although the lower
slopes of the Organs are almost barren of vegetation, the upper slopes.
support a more or less scattered growth of pines and juniper, presurmably
because the mountain tops, having an altitude of about 9,000 feet,
receive more precipitation than do the lower slopes.

Franklin Mountasns.—The Franklin Mountains are a narrow range
of faulted and tilted sedimentary and igneous rocks, extending in a line

32 Bryan, Kirk, op. cit‘hpp. 45-46.

33 Meinzer, O, E., and Hare, R. G., Geology and water resources of Tularosa Basin, N. Me~.: U, 8.
Geol. Survey Water-Supply Paper 343, pp. 30-31, . .

3 Lindgren, W., The ore deposits of ﬁ‘;w Mexico: U. 8. Geol. Survey, Professional Paper 68, pp.
208-209, 1910. Dunham, K. C., op. cit., pp. 28-110.
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slightly east of south from Fillmore Pass, at the south end of the Organ
Mountains a few miles north of the New Mexico State line, to the Rio
Grande at El Paso. , S

The highest peak in the Franklin range is Mount Franklin, which has
an altitude of 7,149 feet. The range is about 3 miles wide and 15 miles
long and is asymmetrical, having a steep east slope and a sorewhat
gentler west slope. The east slope is formed by the eroded edges of the
formations composing the mountains, whereas the west slope is essen-
tially a dip slope, the formations formerly present having been s‘ripped
off rather than incised. On the other hand, erosion has earved long deep
canyons, partly gravel filled, into the east slope separating it into a series
of transverse ridges, and in the northern part this process has gone so
far as to cut nearly through the range, forming the comparativ-ly low
pass known as Anthony Gap. Along the east slope the forr~ations
composing the mountains are well exposed, giving a banded appearance
that is accentuated in the southern part of the range by a 5-foot bed of
white argillaceous quartzite, which is visible for several miles. Prac-
tically no soil is present on the mountains except in joint eracks, and
vegetation is limited to scattered growths of sotol, yucca, lechuguilla,
and several varieties of cactus. \ ‘

Cerro de Muleros.—Cerro de Muleros is a more or less circular group
of hills, the highest peak of which is'called Rodadero Peak or Sierra
del Cristo Rey, about eight hundred feet high. This group ir about
4 miles west of the south end of the Franklin Mountains and sbout 3
miles north of the Sierra del Paso del Norte. The international
boundary passes near the center of the hills, which are composed of a
central core of monzonite or diorite porphyry,3 surrounded by Creta-
ceous limestones and shales dipping away from the flanks of the igneous
core. These hills are separated from the Franklins by an area ¢f ande- -
site porphyry and a rather narrow belt of high-level, unconsolidated
sediments and from the Sierro del Paso del Norte by a high pasr about
3 miles wide¢ underlain by unconsolidated sediments. The;” were
deseribed by Bose?®® who ascribed their formation to the intrusior of the
igneous rocks into the sedimentary rocks, forming a dome-shap~d hill,
which has been reduced by erosion to a series of concentrie hills.

Sterra del Paso del Norte.—Sierra del Paso del Norte, southwest of
Ciudad Juaresz, consists of three parallel ranges of closely folded Creta-
- ceous rocks, mostly dense limestones of Trinity age. The folding
occurs along a northwest-southeast axis that cuts rather sharply across
- the trend of the Franklin and Organ ranges. The highest peak is about
5,500 feet above sea level. The mountains are separated from the
Cerro de Muleros by a debris-filled pass about 3 miles wide, which has
an altitude of about 4,250 feet near the Sierra del Paso del No-te but
which is somewhat lower near Cerro de Muleros. They are separated
from Sierra del Presidio on the south by a debris-filled pass perhaps
5 miles wide, which also has an altitude of about 4,250 feet, and, like the
Frankling, they are bare of vegetation.

Sierra del Presidio and Sierra de Guadalupe,—Sierra del Preridio, a
long, narrow range of folded Lower ' Cretaceous limestones. trending
northwest-southeast, is formed near its northwestern end by the south-
western limb of a plunging anticline, the northeastern limab havir~ been

3 Dunham, K. C., op. cit. (New Mexico School of Mines Bull. 11), p. 172. A
B :!‘ Iziaoae, I%xglﬂié%onograﬁa Geologica y paleontologica del Cerro de Muleros: Inst. Geol. de México
ol, 25, p. 15, 3

\
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" destroyed by erosion or displaced by faulting. Toward the southeast
the northeast limb of the anticline is more prominent and is ertirely
present near Sierra de Guadalupe, from which it is separated by a
syncline. Sierra de Guadalupe is another anticlinal structure, sppar-
ently genetically closely related to the Sierra del Presidio, which appears
slightly higher than the Sierra del Paso del Norte and lngher then the
Sierra de Guadalupe.

Sterra. de San Ignacio—The Sierra de San Ignacio, at the south end
of the El Paso Valley on the Mexican side of the river, is separatec from
Sierra de Guadalupe by a rather narrow debris-filled pass, which I =s an
altitude of about 4,250 feet. Like the mountains discussed above it is
folded narrowly along a northwest-southeast axis and is almost ertirely
barren of vegetation.

Quitman and Malone Mountains.—On the Texas side of the Rlo
Grande the Quitman Mountains rise from the north side of a n~rrow
gorge through which the Rio Grande flows out of the El Paso Valley.
The Quitman and the Malone Mountains, like the above-mentioned
mountains in Mexico, are a part of the western branch of the Sierra
Madre Oriental3” whmh in'general, have a northwesterly trend. The
mountains are closely folded of moderate height and barren of vogeta-
tion. The Quitmans are composed largely of Cretaceous rock with a
large area of Tertiary intrusive rocks at the northwestern end of the
range, and the Malones consist largely of Jurassic rocks.

Finlay and Hueco Mountains.—A line of broad arches extends north—
westward from the end of the Quitman Mountains into New Mexico.
North of the Texas Pacific R.R. this arch has been dissected into a group
of hills known as the Finlay Mountains, which form the western bund-
ary of the Diablo Plateau in this area. North of the Finlay Mountains
a 500-foot west-facing escarpment of Cretaceous rocks forms the wostern
boundary of the plateau for a distance of 20 miles,?® and still farther
north the Hueco Mountains form the boundary. The Huecos are
5 to 8 miles wide and about 25 miles long. They consist of a maore or
less regular, west-facing escarpment, 1,000 feet or more in height, which
forms the western boundary of the Diablo Plateau, and a group of out-
lying hills, which are in part the dissected remnants of the anticline
mentioned above. The Finlay Mountains are composed principelly of
Lower Cretaceous and Upper Carboniferous rocks. The northerr part
of the Huecos is composed chiefly of Carboniferous limestones. the
southern part is composed of older Paleozoic rocks and pre-Carrbrian
rocks. The areas between the main escarpment of the mountairs and
thé outlying hills are partly filled with unconsolidated debris from the
mountains. Local intrusive masses, such as' the body of syenite por-
phyry at Hueco Tanks, are intruded into sediments or rise out of the
flat surface of the debris-filled basins. Cerro Alto, which rises above
the general level of the top of the Hueco Mountains is an excrllent
example of such an igneous mass.

Jarilla Mountains.—The Jarilla Mountains, a group of low hllls.
about 3 miles north of the north end of the Hueco Mountains. rise
directly from the bolson to a height of about 600 feet and are sur-
rounded on all sides by unconsolidated deposits of sand and clay. They
are composed of Carboniferous limestones domed upward by the intru-

7 King, P. B, Outline of the structural development of Trans-Pecos Texas: Am. Assoo Pe‘mleum
Geologists Bull,, vol. 19, p. 244, 1935.
38 Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El Paso folio (no. 166), p. 1, 1909
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sion of a mass of monzonite porphyry.?® The flat debris-filled pass.
that separates them from the Huecos has an altitude of about 4,100 feet.

GEOLOGY

For the purpose of this report the rocks of the El Paso area.m-~y be
divided into- two general groups differentiated by their water-bearing
capacity. These are the unconsolidated deposits of the interma~tane
areas, including bolson deposits and river alluvium, and the consolidated
rocks, both sedimentary and igneous, of the mountain and upland areas.
The unconsolidated deposits are the more important in relation to water
supplies, because ‘they contain beds of sand and gravel that soply
water to wells, 'The consolidated roeks are in general too firmly
cemented to contain much water, and in the few instances in whicl they
supply water to wells the water is highly mineralized. However, since
the products of the weathering and erosion of the consolidated roc¢ks
have been redeposited as unconsolidated rocks, the character and dis-
tribution of 'the consolidated rocks have a dlrect bearing_upo~ the
oc¢eurrence of ground water in the area.

In 1909 Richardson*® published an excellent. descrlptlon of the geology
of the El Pago quadrangle, which includes much of the Hueco Moun-
tains, the Hueco bolson and the Franklin Mountains south of the State
boundary In 1915, Meinzer*! published a report on the water, svoply
of the Tularosa Basm including brief descriptions ‘'of the geology.
More recently, Dunham?? published a monumental treatise on. the
geology of the Organ Mountains and the geology and mineral rescnrces
of Dona Ana County, and Nelson has made important additicns to
our knowledge of the stratigraphy of the Franklin Mountains. These
reports; and brief discussions of the area contained in other papers,
supplemented by the writer’s observations, have served as the chief
sources of material for the following statement on the geology cf the
consolidated roecks. These rocks consist of gramtes porphynes quart
ites; limestones, shales, and sandstones. '

'

GRANITES

The term granite is here used not in the stnctly petrographic sense,
but more broadly, more inclusively, to include all plutonic intrmsive
rocks low in ferromagnesian minerals. Granitic rocks are exposed in
relatively large areas in the Franklin Mountains, in most of the Organ
Mountains, and in isolated areas in the southeyn part of the Hueco
Mountains.

In the Franklin Mountains the largest area of granite is nesr the
middle of the range, but relatively narrow outcrops occur along most
of the east flank of the mountains, in general near the base. The
granite is predominantly red in color and congists chiefly of coarse
grains of quartz and feldspar. Richardson® states that the granite

» ‘Lmdgren, Waldema.r, Graton L C., and Gordon, C. H., Ore deposits of New Mexico: U: 8, Geol

Survey Prof. P a.per 68. % 1és
4 Richardson, G. Geol Survey Geol. Atlas, El Pago folie (no 166), 1908.

4 Meinzer, O, E., oy a.nd Hare, R. F., Geology and water resources of Tularosa Basin, N. Me~.: U S.
Geol, Survey Wat.er-Su %ly Pape 343, 1915, »

42 Dunham, K ogY O tie Organ Mountains: New Mexico 8chool of Mines, Bur. Mines and
Mineral Resources, bull 11, 1935 (1936).

4t Nelson, L. A., Paleozoic stra.t:graphg of Franklin Mountains, West Texas: Am. Assoc. Petroleum
Geologists Bull., yol, 24, pp. 157-172, 1

4 Rachardson, G. B., op. cit. (Geol. Atlas, no. 166), pp. 6~7.
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cuts through all the Paleozoic strata and that it is therefore, in part at
least, of post-Carboniferous age. He suggests, however, that a part
of it may be pre-Cambrian. Near the southern limift of the granite
outerop the writer found Ordovician (Bliss) sandstone, which contained
pebbles of granite, lying on an eroded granite surface. According to
King,*5 J. G. Barry reported that the granites in the northern part of the
range are post-Carboniferous while those in the southern part are pre-
Cambrian. By analogy it seems likely that the post-Carboniferous
granite was probably intruded at the same time in the Franklins as in
the Organs and therefore is mid-Tertiary in age.

In the Organ Mountains coarse-grained red granite with large
phenocrysts of feldspar occurs in comparatively small areas on the east
side of the range near its south end, again near the middle, and in a
large area just north of San Augustine Pass at the south enc of the
San Andreas range. A complex mass of granitic rocks, chiefly quartz
monzonite, underlies the central part of the range and comprises a
considerable part of the bedrock there. Several of the early writers
considered the granites in the Organs pre-Cambrian in age, but Lind-
gren*® demonstrated that some of them were intruded info lirrestones
and shales of Carboniferous age antd are therefore post-Carboniferous.

Dunham?*? has demonstrated that the red coarse-grained, porphyritic
granite that occurs near the southern end of the Organs is pre-Cambrian
in age, whereas the complex of granitic rocks, monzonites, corvosing
the central part of the range is Tertiary, probably middle Tertiary,
in age.

At the south end of the Huecos, red granite lies unconfcrmably
below the Bliss sandstone.*® Therefore the granite is pre-Cambrian.

Granite weathers readily into clay and grains of quartz, in proportion
depending upon the composition of the granite, but when erodedso
rapidly that weathering is not complete, it breaks down into arkosic
sands and gravels. Because the granites of the Franklins and the
Organs cover large areas and have been subjected to considerable ero-
sion, it seems likely that they have contributed largely to the sands,
gravels, and clays of the bolson deposits.

PORPHYRIES

The porphyries, like the granites, are solidified molten magma, but
whereas the granite solidified at great depth, forming coarsely crystal-
line rocks, the porphyries solidified near or at the surface, forming a
dense groundmass of microscopic or nearly microscopic cryrtals in
which are embedded some crystals of large size, called phenocrysts.

Four types of porphyries oceur in the El Paso area. Rhyolite por-
phyry, which occupies a large area in the central part of the Franklin
Range, outerops in the lower part of the east flank of the mowntains
and also forms the highest peak of the range. This porphyry is a pink
to maroon, in places black, rock consisting of phenocrysts of feldspar
and quartz up to 15 millimeters in diameter set in a dense, fine-erained

\
4 King, P. B., Outline of the structural development of trans-Pecos Texas: Am. Assoc. Petroleum
Geologists Bull. vol, 19, no. 2, p. 227, 1935.

4 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., Ore deposits of New Mexizo: U. 8.
Geol, Survey Prof. Paper 68, pp. 205-207, 1910, .

47 Dunham, K. C., op. cit., pp. 28-39, 60-89.

48 King, P. B., Outline of the structural development of trans-Pecos Texas: Am. Assoc. Petroleum
Geologists Bull., vol. 19, no. 2, p. 227, 1935. .
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" matrix. Near the base of the porphyry is a variable thickness of agglom-
erate containing pebbles of quartzite and rhyolite, and throughout the
rest of the formation the matrix and phenocrysts make up about equal
percentages of the rock. The rhyolite porphyry was extruded ac great
laga ﬁfows during pre-Cambrian time and has a total thickness of about
1,500 feet.

The andesite porphyry, which crops out in the area west of the south
end of the Franklin Mountains in the vicinity of the smelter and the
College of Mines, i is yellowish gray and consists of phenocrysts cf feld-
spar and biotite mica, in size up to 5 millimeters in diameter, emkedded
in a mierocrystalline groundmass consisting chiefly of feldspar tiotite,
and some quartz. It is one of the youngest igneous rocks in th area
and was intruded presumably during the time of mountain-brilding
activity in Middle Tertiary time before the bolson deposits were formed.
The Cretaceous sediments into which it was intruded are tilted to a
- nearly vertical position in places, while the surrounding bolson devosits
are undisturbed.

Diorite porphyry, which occurs in Cerro de Muleros about a mile
southwest of the smelter and forms the central part of those hills, is
probably also of Middle Tertiary age.*’ :

Syenite porphyry occurs in several hills near the base of the Hueco
Mountains in the vicinity of Hueco Tanks, the two largest masses of the
rock having a combined area of less than 2 square miles. Cerrn Alto
on the crest of the Huecos and the Cornudas mountains to the east of the
area also are composed principally of this rock. This porphyry consists
principally of white to light-colored feldspar with subordinate amrounts
of biotite and augite and contains phenocrysts of feldspar and biotite,
in size up to 5 millimeters in diameter, in a granular groundm=~ss of
feldspar, biotite, and augite. The rock is light gray on fresh surfaces
but weathers to brownish. It weathers readily and breaks down into
clay so completely that even at the base of the syenite masses there a,re
only small areas of rock fragments. Weathering proceeds at irre
rates (pl. 4, B) resulting at Hueco Tanks in deep hollows in the rock
that hold rain water. For this reason Hueco Tanks has been a watering
place for travelers since time immemorial as is attested by the hiero-
glyphics left by the Indians and the dates and initials left by early
white travelers. Some of these basins have been artificially enlarged by
white settlers who constructed dams across the outlets. (See pl. 5, 4.)
The syenite porphyry is known to be post-Carboniferous. Since s*milar
rocks in the Cornudas Mountains are intruded into Cretaceour beds
and are therefore post-Cretaceous, it is believed tha.t the rocks in
question are probably post-Creta,ceous

OTHER IGNEOUS ROCKS

Dunham?® described a thick series of feldspathic lava flows, tuffs,
agglomerates, and associated shallow intrusives of Tertiary age in the
Organ Mountams and in other parts of Dona Ana County. The thick-
est and best known series occurs in the Organ Mountains, but thick
flows of feldspathic lava and intrusions of syenite porphyry oceur.in the
Dona Ana Mountains, and lava flows occur in the Mount Riley s»ction
and in the Sierra de las Uvas. These are correlated with Tertiary

4 Dunham, K, C., op. cit. (New Mexico School of Mines Bull. 11), p. 172
% Dunham, K. C., op. clt pp. 51-60, 169-17.
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volcanic activity in other parts of New Mexico. Basaltic lavas cover
large areas in the West Potrillo Mountains and in the Sierrn de las
Uvas. In the vicinity of Afton these are clearly seen to overlie the
thick series of unconsolidated sediments filling the La Mesa Basin, and
their extrusion is therefore believed to be quite recent. . There also are
several volcanic cones. (See pl. 5, B.)

The basalts and the porphvnes with the exceptlon of the syenite
porphyry, do not weather readily but are likely to fracture and break
down into angular pebbles and boulders suitable for transportetion by
storm waters. Therefore, they serve as excellent source mate-ials for
the coarse sand and gravel deposits of the bolsons. Since each of the
porphyries has a characteristic appearance, it is easily recogniz~d even
when reduced to rounded pebbles and cobbles. The porphyries con-
stitute a sizable] proportion of the clastic sediments in the Hueco
bolson and are among the most common constituents of the beds of
sand and gravel. Basalt fragments are a prominent constituent of the -
sands in the La Mesa Basin, but are found only occasionally in the
sands of the Hueco bolson.

' CONSOLIDATED SEDIMENTARY ROCKS
' PRE-CAMBRIAN SYSTEM

Lanoria quartzite—The oldest rock in the El Paso area, with the
possible exception of schists and gneisses reported by Dunham,5! is the
Lanoria quartzite,’? which crops out along the east flank of the Franklin
Mountains near the center of the range, the most extensive exposures
being found near Fusselman Canyon. This quartzite, which is 1,800
feet thick, is a dense, thoroughly indurated, fine-grained, light- to dark-
colored, but in general grayish quartgzite oecurring in alternately thick-
bedded and thin-bedded layers. Because of its indurated charcter it
weathers into pebbles and boulders, in general not so large as these from
the rhyolite porphyry, but sufﬁciently large to furnish material for the
sand and gravel beds of the bolson deposits.

ORDOVICIAN SYSTEM

Bliss sandstone.—The Bliss sandstone extends along the east flank of
the Franklin Mountains, where usually it lies above the granite but in
some places is found overlying the rhyolite porphyry. It also crops out
in small areas in the southern part of the Hueco Mountains and along
the east side of the Organ Mountains, where it overlies pre-Cembrian
granite. Most authors have classed the Bliss sandstone as U per
Cambrian in age. However, the recent work of Dake Bridge and ofgx
indicates on paleontologic evidence that the. formation should "operly ,
be classed as Lower Ordovician.?®* The Bliss, whiéh varies in tl ickness
from that of a knife edge to 300 feet, conslsts of more or less massive
beds of fine-grained sand imbedded in a matrix sericite or kaolin. Near
the base it is usually conglomeratic, and where it is in contact vith the
rhyolite porphyry it contains pebbles of that rock; near the top it is
very fine-grained. In the northern part of the Franklin Mountains,
where it has been intruded by post-Carboniferous granite, the sandstone

51 Dunham, K. C., op. cit. (New Mexico School of Mmes Bull. 11), pp. 28-39.

52 Rxchardson G. B op. cit. (Geol. Atlas No. 166), p.

5 King, P. B Older rocks of Van Horn Region, Tex.: Am Assoc. Petroleum Geglogist~ Bull:. vol
24, pp. 153—-166, 1940.
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is quartzitic near the conta,ct but a few feet away it is only mo@lemte(liy
indurated. In the extreme southern part of the range, where tl ~ san
stone overlies the pre-Cambrian granite, it is only" modera;tely m*{umted
throughout. The Bliss weathers into rather fine sand." - -

El Paso limestone.—Above the Bliss sandstone:is & thlck garies of
limestones ranging in age from Ordovician to Cretaceous. | At the base
of the section the El Paso limestone, consisting of ‘1,000 feet of ‘dense
blue magnesian limestone, massive in most places, "but local’:~ thin-
bedded, overlies the Bliss apparently conformably. It crops ov tin the
southern part of the Hueco Mountains; in the upper part of the east
flank of the Franklin Mountains, except near the middle of the range,
where it occupies the crest for a considerable distance; and along the east
flank of the Organs near the south end of the range.

Montoya limestone.—Overlying the El Paso limestone d,lsconformably
is the Montoya limestone, which varies in thickness from abou* 200 to
400 feet. ' It is a dark to light-gray limestone, massive in most places
and in part characterized by the presence of bands of chert a few inches
thick. This limestone has a distribution similar to that of the El Paso
iimestone. -

[

SILURIAN SYSTEM

Fusselman limestone.—The Fusselman limestone disconformakly over-
lies the Montoya limestone. It is a massive-bedded, whitish to light-
gray magnesian limestone, which caps the Franklm Mountains from
near the State boundary and for about 5 miles southward and occurs
near the top of the range at several places farther south. It also occurs
in the southern part of the Hueco Mountaing and along the egst ﬁ&nk

_of the Organs near the south end. It has a total thickness of approxi-
mately 1,000 feet.

DEVONIAN SYSTEM

Canutillo Cormaman —Immediately overlying the Fusselman limestone
in the Fr Mountains is about 175 feet of sediments cons'sting of
““Cherty limestone, light brown in color, * *.* a thin bed of fossilifer-
ous gray hmestone, a thin bed of dense, almost black sandstone, which
weathers brown; and about 40 feet of black fissile shale” to which
Nelson®* has given the name Canutillo formation. Beds of Devonian
age were first reported in the Franklin Mounta,ms ‘by Dartor,5 who
considered them to be Upper Devonian (Percha) in age, but Firk has
recently identified fossils from these beds as Middle Devonian. %

CARBONIFEROUS SYSTEM

The thick series of limestones with interbedded shales and sardstones
having an aggregate thickness of more than 3,000 feet, which fcrms the
upper part of the Paleozoic in the El Paso area, was considered by
Richardson®” to be of Pennsylvanian age and was called by him the
Hueco hmestone In 1920 Beede®® pointed out that t.he rocks or 1gma,11y

¢ Nalson, L. A., Paleo matxgmphy of Frapklin Mountsms West Texas: Am, Asaoo Pet:oleum
Geologists Bull,, vol. 24, P. 164.
19‘2‘9 Darton, N. H., Devonian stmts. in west Texas: Geal. Soc. Atmeriea Bull. 40, pp. 116-117, 253,

G a‘; NelsouﬁﬁuA vfalezsgxg‘ alt?hgaphy of Fraaldm Mountains, West Texas: Am. Aan Pef.rdlenm
., OP. of
" B e, 1 W Notes on the seolo and oil omb;liﬁes of the northern Din.bl P toan Tex
. Texas Univ. Bull 1852, pp. 5. bk o Pla i;n e
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mapped as Hueco in the Hueco Mountains actually included three
divisions of different ages: A thick series of dark limestones of Permian
age, which comprises the bedrock in the northern part of the mountains,
a middle group of limestones and shales about 100 feet thick, which
belongs to the Magdalena group of Pennsylvanian age, and a series
called the Helms formation of Mississippian age, consisting of d~ab to
buff platy limestone overlying clayey shale and totaling 400 to 600 feet
in thickness., This conclusion was later supported by King and I"ing.5°

MISSISSIPPIAN SERIES

Helms formation.—This formation was named by Beede in 1920 for

a peak in the Hueco Mountains, where it consists of about 500 feet of

limestones and sandstones. In the Franklin Mountains, as reported by

King,%® the Helms formation has a thickness of about 500 feet and con-

gists l<;hieﬂy of thin-bedded, dark-colored limestone with an upper shale
- member.

PENNSYLVANIAN SERIES

Magdalena group.—The middle part of the Hueco limestone, as
originally defined by Richardson, consists of about 1,600 to 1,800 feet
of thin-bedded, dark-gray to black limestone with a few partings cf shale
and a few thin beds of conglomerate and sandstone. Nelson® has
divided the group, from top to bottom, into the Bishop’s Cap, the
Berino, and the La Tuna members.

PERMIAN SYSTEM

Hueco limestone.—In 1934 King®? restricted the term Hueco limestone
to the upper part of the series so.designated by Richardson, that is, to
the rocks of Permian age. In the Franklin Mountains the exposed part
of the Hueco consists of about 650 feet of dense, fine-grained, light-
colored limestones. In the northern part of these mountains, the
writers found chunks of gypsum, which may have originated in the
Hueco. In the Hueco Mountains this formation consists of about
1,600 feet of dark-colored limestone.

CRETACEOUS SYSTEM

Above the Hueco limestone is a thick series of hard, dense, cherty’
blue to gray, massive limestones of Lower Cretaceous (Trinity) age’
which do not erop out in the Franklins but comprise most of the Finlay
Mountains and underlie the Diablo Plateau to the east as well as » small
area in the extreme southern part of the Huecos. These rocks make up
practically the entire ranges of Sierra del Paso del Norte, Sierra del
Presidio, and Sjerra de Guadalupe in Mexico, where their thickness is
not known but probably is measured in thousands of feet. .

In the vicinity of the smelter, around the flanks of Cerro de Muleros,
near the Union Station, at Stanton and Nevada Streets, and in scettered
patches near the western base of the Franklins occurs a series of com-
paratively thin limestones and fissile to indurated shales of middle

© King, P. B., and King, R. E,, Stratigraphy of outcropping Carboniferous and Permiar rocks of
trans-Pecos Texas: Am. Assoc, Petroleum Geologists Bull.,, 13, no, 8, pp. 907-926, 1929,

60 King, P. B., Notes on the Tﬁ]g)per Mississippian Rocks in trans-Pecos Texas: Am. Assoc. P ~troleum
Geolgzgist.s Bull. Vol. 18, pp. 1637-1543, 1934.

s1 Nelson, L. A., op. cit., pl. 166. .

sz King .P. B., Permian stratigraphy of Texas: Geol. 8oe. America Bull,, vol. 45, pp. 697-7"8;.1934.
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Lower Cretaceous to Upper Cretaceous: age entirely surrounded by
bolson deposits. Beyond the general statement that these beds overlie
the massive limestones of Trinity age, no information is available

regarding their relation to the older rocks. The paleontology of these '

strata has been described by Bose®® and Stanton®! and Darton. %
In general, limestones and shales weather to clay rather easily.
When, as sometimes happens, limestone boulders are formed by rapid

erosion they are quickly reduced to small fragments by the attrition

incidental to transportation from the site of formation to ti« site of
deposition, For this reason it is not to be expected that pebbles of
limestone would form a considerable part of the bolson deposit~. and, in
fact, they are only occasionally found in the gravels and sands. The
chert that occurs in the limestone is resistant both to weathering and
erosion, and pebbles of chert are fairly common in the bolson deposits.
The limestones have doubtless contributed materially to the clay beds
of the bolson. , -

UNCONSOLIDATED SEDIMENTS

The unconsolidated deposits of the El Pago area include older slightly
consolidated bolson deposits, which make up the great bulk of the clay,
sand, and gravel partially filling the deep troughs between the various
mountains; younger outwash deposits, which form a mantle over the
older bolson deposits, probably mainly near the mountains; and river
alluvium, which has been deposited within the valleys during snccessive
periods of scour and fill. It seems likely that with sufficient study it
would be possible to distinguish these different groups of sediments,
but such a study has not been attempted during the present investiga-
tion. The unconsolidated deposits therefore will be considered as a
unit. in this report. However, the following descriptions of tl « uncon-
--solidated materials apply mainly to the bolson deposits, becruse they
are better exposed in the area and are the materials penetrated by the
wells. ‘In the El Paso Valley most of the wells probably penetrate
river alluvium, but the depth of the alluvium is not known.

. In general appearance the bolson deposits of the various basins are
quite similar, but in detail there are important differences. Over a
large part of the Tularosa Basin the sediments contain a cor~iderable
" amount of gypsiferous and other soluble mineral matter anc in most
places the ground water is highly mineralized. 'In the Hueco kolson the
sediments in many places contain nearly as much sand as clay, and the
sand is composed of fragments of chert, granite and porplyry. In
the La Mesa area the beds of sand contain a considerable propaortion of
~ basaltic fragments but little or no porphyritic material.

CHARACTER

As they are displayed in the walls of the valley of the Rio Gr~unde and
in well cuttings and cores, the bolson deposits consist of al‘ernating
layers of clay and sand or gravel ranging in thickness from that of a
knife edge to nearly a hundred feet. Their lateral extent is net known,

B 'I:lggael,gll?:omil, Monografia Geologica y Paleontoligica del Cerro de Muleros: Inst. Gecl. de México
ol.. 3 '
[ St:mton. T. W. and Vaughan, T. W., Sections of the Cret: at El Paso, Tex. Am. Jour. Sei.,
4th ser., vol. 1 E) 21-26, 1896,

9;3 Dartan, N. H., Guidebook of the western United States: U, 8, Geol, Burvey Bull. 845, pp. 162-163,
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but they probably extend from a few feet to several miles. In the Old

esa field about 45 wells were drilled at intervals of 300 feet along two
lines about 300 feet apart. (See inset, pl. 1.). Individual beds could
not be correlated between more than two or three adjacent wells ir this
group. Plate 6 is a graphic representation of the logs of five wells in a
line that starts in the Mesa field and ends in the Montana field. The
lack of continuity of the sediments is clearly shown in this figure. On
the other hand several of the beds encountered in the Montana field
seegx to be traceable for about half a mile, that is, entirely acros+ the
field.

Not only do the individual beds thicken and thin and pinch out from
place to place, but the whole section may change within a short dis-
tance, and the percentage of sand and gravel may vary within wide
limits. In well 78 (El Paso city well 11), 603 feet of sand and g-avel
was reported in a total depth of 758 feet. (See log, p. 102.) Thu~ the
sand constituted about 79 percent of the total sediments penetrated
by the drill. Although there is reason to question the accuracy of part
of the log, it is apparent from the characteristics of the well that there
was a considerable thickness of sand. In 1937 the city of El Paso had
three wells, 78a, 78b, and 78c (test wells 4, 5, and 6), drilled about half
a mile, three-quarters of a mile, and 1 mile north of well 78, respectively.
In well 78a, which was 830 feet deep, there was 166 feet of sand, includ-
ing pack sand, or 20 percent of the total thickness of sediments pene-
trated. (See log, p. 103.) In well 78b, which was 698 feet deep, there
was 269 feet, or 38 percent of sand, and in well 78¢, which was 800 feet
deep, there was 217 feet of sand, or about 27 percent. The wells could
have been developed to yield several hundred gallons-a minute, but
since yields comparable to that of well 78 (1,170 gallons a minute) were
desired, it was not considered desirable to finish them as water wells.
Since the above was written, another test well drilled 0.4 mile wext of
well 782 encountered 335 feet of sand from the surface to a depth of
800 feet, or 42 percent. o

Caliche.—The presence of caliche nearly everywhere beneath the
surfaee of the bolsons is of importance both geologically and economi-
cally. It provides excellent road material, within easy reach of the
highways, and because of its-resistance to erosion it forms the cap rock
of the sharp wall:like side of the valley. It also may-have a cons'der-
able effect upon the quantity of rainfall that percolates below the r-ach
of the roots of plants. The caliche is a nearly continuous laye~ of
hard, white calcium carbonate—with varying quantities of impuritios—
found commonly 2 to 4 feet beneath the surface of the bolsons (pls. 7, B
and 7, C), but in places at the surface. It ranges in thickness com-
monly from 2 to 4 feet, but in some places it is absent and in others it is
as much as 7 or 8 feet thick. The upper surface of the caliche is com-
mounly undulating, and the contact between it and the overlying material,
usually sandy silt, is sharp, but in places the caliche grades upward into
the overlying material. The upper foot or two of caliche is commonly
massive and nearly pure, but it grades downward into the underl~ing
material, the lower contact in most places being quite indefinite. . Most
good exposures of the caliche show one.or more pipelike columns of
sand, which pass completely through and contain no nodules of caliche.
(See pl. 8, AI?) In the depressions of the bolson surface the calicl = is
commonly disturbed, fractured, and partly to completely absent,
suggesting that the rain water concentrated in the depresgions has
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caused the solution of that material. Because the caliche follows the
surface more or less faithfully without regard to the bedding, it is
apparent that it was deposited as a secondary deposit after the sand
and clay. L

No caliche was observed in the valleys. Near the mountains, along
the alluvial slopes, there is no continuous layer of caliche, but in places,
as near the mouth of McKilligan Canyon, fairly large, lenticular masses
of gravel are firmly cemented with calcium carbonate. In most places,
however, calcium carbonate forms only a thin film over the pebbles and
boulders. ,

Clay.—In the La Mesa area the clay is usually buff to gray and is
commonly reported to contain more or less sand. In the Hueco bolson
the beds of clay are, in general reddish to chocolate brown. Many of
them apparently are quite pure and free from grit, others contain con-
siderable sand, and some contain enough boulders and pebbles to cause
the drill to ““chatter” as it would in gravel; these have been mistaken
for gravel beds by well drillers. .

Sand. and gravel —The- gravels for the most part are restricted to
beds within a few hundred feet of the surface. In general, they do not
extend far laterally and are not thick. Like the sands they are usually
gray to salt-and-pepper colored, except where there is sufficient , clay
to impart to them a red color. Both the sands and the gravels generally
are clean and free from cementing material, and in wells and banl-s they

-readily cave. In the Hueco bolson the sands and gravels are made
up principally of quartz grains with fragments of quartzite, porphyry,
and granite, but only rarely is basaltic lava OJoserved. In Ls Mesa
sediments the sands are made up chiefly of quartz grains and contain
considerable amounts of scoriaceous basaltic lava.

In the Hueco bolson the sand and gravel appear to be thickest and .
coarsest along the west side near the Franklin Mountains. Toward the
east they become thinner and in general finer, and near the eastern side
of the bolson the fineness of the sands causes considerable tronuble in.
wells. In 26 wells in the western part of the bolson, most of which were
drilled between 1937 and 1939, beds of sand and gravel comprised 48 per-
cent of the sediments penetrated by the wells.

Physical characteristics of sands.—During the course of the investiga-
tion test wells 64, 76, and 136 were drilled to determine the nature of
the bolson deposits in specific areas. The logs of these wells are repro-
duced on pages 101 and 104. The mechanical analyses of the s~mples
collected from the wells are shown on page 30.

One of the three test wells is 2 miles east of the Mesa field, another is
314 miles southeast, and the third is 4 miles north of the Mes~ field.
The average specific yield of five samples collected from these we'ls was
36.9 percent. Assuming that 35 percent represents an average for the
sands, that on the average the sands constitute about 50 percent of the
sediments, and that the clays have a specific yield of practical’; zero
percent, then the average specific yield of all of the sediments ir about
1714 percent. The weighted average permeability, as determined from
laboratory tests, of the entire section below the water table, including
the clay, is 245 in test well 1; 302 in test well 2; and 345 in test well 3.
The average permeability of all of the sediments below the water gable
in the three wells is computed to be about 300. (See p. 30.)



30 GROUND-WATER RESOURCES, EL PASO AREA, TEX.

Physical properties of samples collected from well 84, El Paso City
(Geological Survey test well 1)

Dooth below Isnd Mechanical composition -(percent of dry weight) ‘?"etﬁ‘f 8p “iigf
ep elOW 18N cient ol
surface (feety | DAOT® | 2.0 to | 1.0 t0 | 0.50 t0 | 0:25 t0| 0.125 to| Lo |pormes- | {por-
L0 | 050 | 025 | 0.125 | 0.062 | gggp | Pility | oent)
. mm. mm. mm. mm, mm. y

5 mm.

0.8 2.4 | 25.7 | 23.3 8.2 2.8

10.0 11.4 19.6 1.1 .9 1.7

.6 . .2 .1 .02 .9

1.5 14.5 48.4 18.5 7.4 7.2

2.8 13.7 25.8 13.0 7.1 36.5

5.5 12.0 35.5 21.8 5.0 6.5

7.7 1209 | 47.2 19.2 3.1 1.1

4 11.5 59.8 22.9 4.1 1.5

1.0 .4 10.0 46.4 41.0 1.0

....... .5 13.5 | 83.0 38.5 | 14.5

4.0 8.0 26.4 23.7 8.8 24.2

7 7.1 | 38.2 | 34.3 12.1 7.9

2.9 10.9 42.5 29.3 7.4 4.1

....... 1.0 9.3 23.6 15.5 50.5

1 Specifie yield was determined by subtracting moisture equivalent from porosity, althouxh strictly
speaking it 18 equal mt:uporoaity minus specific retention. The percent of error in this determination,

however, is quite s

Physical properties of samples collected from well 76, El Paso City
(Geological Survey test well £)

echanical composition (percent of dry weight) GCoeffi- | Specific
Depth below land T 7 cient of | yield
surface (feet) | 9 | 2.0 to | 1.0 to | 0.50¢0|0.25t0 [ 0.125t0 | ;3% | permea-| (per- .
0 | 050 | 0.25 | 0.125 | 0.062 | ;% | bility | cent)
" mm. mm, mm, mm, o

mm.

31.1 35.0 12.5 3.9 10.4

31.3 19.0 4.4 .3 .1

18.5 | 13.7 3.3 .4 4

.6 10.9 65.6 20.1 2.9

.32.1 30.6 3.0 2.7 11.1

8.8 55.2 30.7 3.3 1.6

5.5 36.5 44.5 12.2 1.1

2.4 17.8 46.5 27.9 5.9

10.8 43.0 34.3 8.3 | 1.9

5.6 45.0 37.9 9.5 1.6

.5 8.5 72.6 15.8 3.0

.9 15.2 55.2 23.6 5.0

1.1 52.1 40.0 5.5 2.3

5.7 52.2 30.9 5.0 5.2

15.3 47.7 23.4 4.7 4.5

2.6 45.0 21.2 8.7 22.4

cedenmal 5.4 22.8 48.1 23.7

Physical properties of samples collected from well 136, El Paso City
4 o ‘ (G’;ologioal Survey test well 3) ’

s d
Desth below Tend Mechanical composition (percent of dry weight) Qoe,:ﬁ(;f sf’.“’éﬁ“
ept] ow lan cien yiel
surface (feet) | MO | 2040 | 1040 |0.50t0]0.25t00.125t0| L€ | permea- “(per-
than | 54" | 0. 025 | 0.125 | 0.062 | ihab | “bility  cent)
o mm. mm. mm. mm. mm, mm

20-30. 14.0 56.0 23.2 4.7 0.6 1.4

56.... 13.1 5.0 1.8 .4 .1 .9

104~110, 24.8 34.8 34.0 4.8 .5 1.2

148~181__.. . 11.9 29.9 37.9 13.1 2.0 .3

194-204. .00 qamnen 9.7 12.0 23.0 33.1 14.6 2.5 5.1

298-299 (COT@) wmunc|mennana .4 2.4 30.9 54.6 10.0 2.3

308-318. ... PR P, --| 1.0 6.5 51.6 32.0 7.0 1.9

381583 Gemral- . S 38 |50 |ds (&7 | 82| a3

381~382 (COre}ucnen|enaman . 9. . . . .
883-388.( ..... 1.0 3.7 | 82.6 | 40.8 11.2 | 11.2

392'-39% (core) L L8 6.6 44 .4 34.6 8.9 3.1

423-488__._ 1.6 | 4.9 | 34.2 | 37.4 6.2 | 8.8
444447 (col 1.1 8.8 58.5 23.9 5.4 2.2

481-490. ... 2.2 17.1 43.6 19.1 5.2 13.1 [
492-493 (cor - 2.3 10.6 55.7 22.3 6.6 2.4 500

498-500 (core) ... 2.1 117:4 | 192 |58 1.1 6 | 1,600 oo
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The permeability of the deposits also was determined-by a pnmping
test. Although the conditions of the test were not entirely s-tisfac-
tory, it is of some value in indicating the permeability. Computations
based on this test, which is described on p. 61, indicate a coefficient of
permeability of about 200, which as explained on p. 29, is probabl'r lower

than the actual permeability.

SECTIONS OF THE UNCONSOLIDATED SEDIMENTS

The following measured sections will serve to show the charrcter of
the bolson deposits where they are exposed in. banks. Their character

as recorded in well logs is shown on pp. 100-106. .

HUECO BOLSON
Section at south entrance to Fort Bliss

Mesa surface is nearly flat and is underlain by sand con-
taining some silt and widely scattered pebbles of material.
derived from rocks in the Franklin Mountains. In many
places this material has been removed by wind erosion. ...

Hard, dense, white caliche that consists of grains of sand
disseminsted through calcium carbonate. The upper sur-
face is extremely irregular and is in most places the hardest

. part of the layer, but in some places the upper part consists
of numerous pebi:les of caliche embedded in the sand. The
lower surface is also irregular, and the layer tends to grade

. downward through soft caliche into sand containing pebbles
of that material with no sharp line of demarcation. The
mags of the calicheis fractured and broken, being inter-
rupted by many tiny cracks. A faint stratification is
apparent, which 1s parallel to the upper surface of the bed..

Coarse salt-and-pepper-colored sand with numerous gravel
?ebbles. The sand is quartz sand, and the pebbles vary
rom the size of peas to that of walnuts or larger. They
consist of dark-red to black rhyolite porphyry, quartzite,

and some andesite porphyry and limestone. are de-
rived from the rocks in the ¥ranklins. ____.______ . ______
Choctzlg,te-lzrown clay, very irregular, pinching out toward the
1102117423 ) PP U DRI SEPIP PR

Coarse yellow sand at top grading into clayey sand then

sandy gravel." Gravel pebbles were derived g‘rom the .

Franklins . e ——————
Chmiplﬁte-brown, fine-grained sand containing stringers of
caliche. .- o e o mr————

- Chocolate-brown clay, massive-bedded and containing dis-
seminated sand grains__ .. ____ . _ . ___ e . ———
Buff clayey sand. .. _ e
Salt-and-pepper-colored to yellowish-gray sand, cross-bedded
and very clean_ ______ . _._________ ————————— - "

Brown clayey sand, covered.

Fet

3.6

Section about one-quarter mile north of the preceding section and near well 56
{This section shows that the beds in the area have no eti.t latera.l extent. The section bewins at the

same level a8 the las:

Reddish-buff sandy soil intermixed with clay_.____. e
Hard white caliche with sand and gravel embedded in it.__...
Soft gray gravelly sand, indurated to sandstone in places.. ___
Fine, silty, brown sand. Interbedded with layers of clay and

coarser sand. Becomes harder near the base and contains

irregular brown concentrations_ . - - oo oeomceemccans
Chocolate-brown clay_ . . _ e
Brown silty sand containing in places white caleareous con- |

eretions. o demcccteem
Soft coarse clean sand, gartly covered but apparently becoming

gravelly toward the base....____. oo

d, brown, silty sand, partly covered. .o oocceociaeaea
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Section toward the southeast near the Carlsbad road, 1.5 miles east of the city limits
{This section is similar but much coarser. Most of the caliche has been removed for road materiall

Fert

Fine, reddish-brown sand containing silt and some rounded peb- °
bles of caliche____________________ . 2.7

Fine-grained clean, brownish-buff sand_.______________________ 1.5

Coarse, clean gravel, consisting largely of pebbles of quartzite
and rhyolite porphyry, but with some  andesite porphyry and
some black, basic igneous pebbles._._______________________ 1.5

Clean, buff, cross-bedded sand, becoming white on exposure to
the sun. Contains in places beds of gravel and numerous hol-
low tubes of sand, cemented by calcium carbonate, which are
evidently the casts of roots__________________. e 3+

Section in trench 3 miles northeast of Ysleta, Tex.
[Trench begins at the top of the Mesa rim]

Surface soil; reddish-brown, silty sand.___.____________________ 0.5
Hard, dense, white caliche grading downward into sandy clay
containing caliche fragments_________________ ... . ____..

Sandy, calcareous, light-gray clay_______ e 1.6
Fine-grained, brownish, clayey sand, grading downward to slightly
coarser sand. Contains widely scattered caliche nodules_____ 6

Coarse gravel, ranging in size from 14 inch to 3 inches. Mostly
subangular in shape. Pebbles consist largely of porphyries
with minor amounts of quartzite___________________________ 3

Salt-and-pepper-calored quartz and porphyry sand, containing
some pebbles up to the size of hazelnuts. Covered.

Section along east side of San Felipe draw 6 miles northeast of Fabens, Tex.

[See pl. 7, A]
Feet
White hard caliche, containing disseminated sand grains______ 2.7
Medium-grained, gray sand, containing pebbles or porphyry,
quartzite, some chert, and a few fragments of scoriaceous
lava_______.______ e e e e 12
Chocolate-brown clay with layers of gray silt________________ 10
Gray silty sand with layers of chocolate-brown elay._._______ 15
Chocolate-brown clay with somesand____ . ________.._ . _____ 10
Fine-grained, soft, gray sand with thin layers of clay and some
thin beds of iron-stained sand cemented with calcium car-
bonate_ _ . _ e 20
Reddish-chocolate clay with a few thin layers of gray sand__._ 10
Soft buff-colored sand _________________ ... 6
Redelay._ .. e . 30
Gray sand with large, flat concretions of iron carbonate and
thin beds of iron-stained sandstone composed of grains or
quartz, plagioclase, brown and green hornblende, biotite, and
augite with a carbonate matrix; also lenticular beds of cal-
careous sandstone_____________ .. 15
- 130.7
\ LA MESA
Section in railroad cut one-half mile west of Anapra, Dona Ana County, N. Mex.
Feet -

Reddish-buff, very sandy soil. Partly removed.
Hard, dense, white caliche at top grading downward into very
fine gray sand _____ ___ . e —m 7
Light gray, moderately fine sand, uncemented and containing
some layers of gravel with igneous rock pebbles mostly de- :

rived from lava flows 5
Brownsandy elay_ . _ e 1
Medium-grained quartz sand mixed with white pellets of cal-

cium carbonate. . _____ ___ _____ . .5-
Medium- to coarse-grained salt-and-pepper-colored sand.______ 6

Brown to gray sandy elay_________ ________________________ 2
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' Feet
Cross-bedded, light-gray, medium- to coarse-grained sand con-
taining some coarse gravel _____ ______________._ ... __.... 45
Light-buff, ﬁne-%rained, massive claye% sand containing irregu-
ar lenses of clean sand. Near the base are numerous tubes

of sand cemented with caleium carbonate..__. . . _________ 9
Extremely fine-grained, gray sand with layer of coarse sand .
nearuddle. . ... _______ ... 14
Gray clay, much disturbed and broken_________________.___ 1.3

Medium-grained, gray sand containing near the base laminated

layers of alternating black and whitesand_._____________. 30
Light-buff, clayey sand; eross-bedded .________.______.______ 1.5
Medium-grained, loosegraysand__________.__._:__________. 6
Buff to gray, fine-grained sand; cross-bedded; containing

pellets of clay and caliche on the bedding planes._.________ 2.5
Covered, mostlysand______________________________...... 25
Light buff clay and sandy elay_______ e 6
Fine-grained, light gray, cross-bedded sand__________________ 5
Laminated light-buff clay and sandy clay.___._ e - 2.5
Fine-grained, gray, cross-bedded sand_______._________..___ 3
Light-buff massive elay____________________ . _.._. 2.5

Massive, fine-grained, cemented yellowish-buff sand, grading
., into less-cemented gray sand near base and partly covered_. 30
Chocolate-brown clay and light-buff massive sandstone inter-

bedded. . . __ . .- 11
Brown, cross-bedded sand, partly covered._.________________ 10
Buff to chocolate-brown, silty elay..__.__.____________ e 9

) . o 274.8

Two fragments of fossil bones were found about 50 feet kelow the
mesa rim at this place. The fragments could not, however, be speci-
fically identified. ' .

THICKNESS |

. The maximum thickness of the bolson deposits is not known. The
deepest well in the area is reported by King® to be one of a group of
wells drilled about 2 miles south of Newman, N. Mex., during search
for oil. ' It is reported to have penetrated unconsolidated deposits to a
* depth of 4,920 feet. The log of this well is not available, the exact loca-
tion not being known, but the log of a well in the same general vicinity,
drilled by Cinco Minas Co. to a depth of 4,010 feet, is given on page 105.
Although the terminology used by the driller is not in every case readily
understandable, it is evident. that massive Cretaceous limestones
similar to those cropping out at the surface east and south of the Hueco
bolson were not encountered in the well, and it seems probable that all
the material penetrated by the well belonged to the uncorsolidated
bolson deposits. The International Water Co. drilled a well 2,285 feet
deep north of Fort Bliss, near the intersection of the Southern Pacific
R.R. with Wilson road. Richardson®” states that the formations
encountered by this well, at least to a depth of 1,561 feet, were cer-
tainly consolidated deposits although “not too' much reliance can be
placed .on well récords of this character.” Mr. Monroe Fenley of
Uvalde, Tex., one of the drillers of this well, informed the writer in
November.1938 that bedrock was encountered between 1,500 and 1,600
feet. A large number of wells in the area have been drilled in uncon-~
solidated deposits to depths ranging up to 1,467 feet. Along the east

% King, P. B., OQutline of structural development of trans-Pecos Texas: Am. Asscc. Petroleum
Geologists Bull., vol. 19, no. 2, p. 253, 1935.
%7 Richardson, G. B., U. 8. Geol. Survey Geol. Aflas, El Paso folio' (No. 166}, p. 5, 1908.
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side of the bolson several wells are known to have passed through the
bolson deposits into the underlying bedrock. (See records of wells
154a, 156, 175, 176, and 178 on pp. 144-147.) These wells were drilled
many years ago; little information is available concerning them,
except that no water was encountered in the unconsolidated dernsits
and it was necessary to penetrate a considerable thickness of becrock
})efm('f water in sufficient quantities for stock and domestic use was
ound.

RESISTIVITY STATIONS
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Fi1oUre 2.—Sketch showing position of bedrock along Franklin Mountains.

Some information regarding the thickness of the bolson degsits
was supplied by resistivity measurements made by Stephenson and
Swartz, which are discussed more fully on p. 46. ' Plate 9, prepared
by Swartz, shows the locations of the resistivity stations and the areas
(R) in which bedrock is believed to be less than 1,000 feet beneath the
surface. 'Near the Franklin Mountains bedrock crops out within ¢ few
hundred feet of Station 29, about 14 mile north of the Baptist £ na- .
torium. At Station 29 bedrock appears to be 250 feet below the
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surface. Stations 30 and 31 are at the point where the line of the east-
facing escarpment (see p. 46) crosses the canyon in which the tra-
verse is located and are measured one parallel to and the other
normal to the line of the escarpment. On the west side of the escarp-
ment bedrock is indicated at 320 feet below the surface, on the east side
at 720 feet—confirming the supposition that the escarpment results
from faulting. At Station 28 the bedrock-is indicated to b= about
730 feet below the surface, at Station 27 about 770 feet, and at Station
26 about 800 feet. (See fig. 2.) At Station 25 there appests to be
gsome evidence of bedrock at about 900 feet, but the evidence is not
conclusive. o

Near the Hueco Mountains the bedrock appears to be 130 feet
beneath the surface at Station 128, 160 feet at Station 127, 8" feet at
Station 126, and crops out a short distance west of Station 126. There
apparently is a fault between Stations 126 and 125, as the bedrock is
indicated to be nearly 400 feet below the surface at Station 125. The
bedrock surface appears to slope rapidly to the west, and at Station 124
it is indicated to be about 850 to 900 feet below the surface.

There are comparatively few wells in the La Mesa area. Tt< South-
ern Pacific Co. well at Strauss, N. Mex., was drilled to a depth of
1,330 feet entirely through unconsolidated deposits. The Livpincott
well in the Mesilla Valley is reported to have encountered “lime’” at
822 feet, and sandy limestone at 951 feet below the surface. -

In the gorge of the Rio Grande above El Paso, Slichter®® has shown-
that the maximum depth of the valley fill at the site of the proposed
Mexican-American International Dam was 86 feet. In the El Paso
Valley and the Mesilla Valley Bryan®® believes that there may be from
100 to 250 feet of relatively recent deposits of the flood-plain tye above
the older unconsolidated sediments that make up the main mass of the
deposits in the bolsons. ‘

STRUCTURAL DEFORMATION OF THE BOLSON DEPOSI™S

At the close of the Cretaceous period the El Paso area was aparently
covered by shallow seas or was a low-lying land area. The s‘ructural
deformations that have occurred since that time have been deseribed

. by several writers. Richardson” concluded that the Franklin and

Hueco Mountains were uplifted in Tertiary time and that their subse-
quent history has been one of continued erosion, involving the removal
of laf great mass of Cretaceous sediments and accompanied v minor
uplift. '

King™ in discussing the area east and southeast of El Prso, con-
cluded that there were considerable mountain-building movements
prior to the early Tertiary movement, but that ‘“most of the folding
and faulting of the rocks of southern Trans-Pecos Texas occurrad in the
first half of the Tertiary period.” He added, however, that many of the
normal faults in the region are a later feature than the folding and sug-
gested that the earliest movement along them occurred in the late.

- Tertiary. He believes that movements on the normal faults have

occurred several times, the latest movement being of recent deote.

st Slichter, C. 8., Observations on the ground waters of tBe Rio Grande Valley: Gieol. Surve,
Water-Suppi Paper l&g,olp. 1, 1905. & d Y

® Bryan, Kirk, The geology and ground-water conditions of thé Rio Grande depressiot in Colorado
and New Mexico: Regional planning, pt. 6, vol. 1, pt. 2, sec. 1, p. 218, Nat. Resources Comm., 1938.

78 Richardson, G. B,, op. cit., pp. 8-9.

7 King, P. B., op. cit., pp. 22{’-261.
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Dunham?? concluded from his studies in the Organ Mountain+ that
the Early Tertiary was a period of folding and uplift and intensive
vuleanism and that by the end of the Oligocene the Organ Mountain
region “was highly elevated above sea level.”” The erosion of these
uplifted areas during this period caused the accumulation of thousands
of feet of fanglomerate and gravel west of the mountains. About the
close of the Tertiary period the Franklin and Organ Mountains, having
been worn down to areas of low relief, were uplifted in their present
form.

Bryan”® states that ‘“most of the existing mountains and hlgl lands
areas (near the Rio Grande depression) were also mountainous in
Santa Fe time (Miocene-Pliocene). They were reduced during Pliocene
time and were re]uvenated to form the present ranges,” probakly by
block faulting.

The deformation that has occurred since the close of the Tertiary has
been on a much-reduced scale. It has consisted almost entirely of
faulting and tilting of the unconsolidated deposits, possibly along frac-
tures that existed prior to the faulting. Near the mountains d'vs as
high as 30° have been observed in the bolson deposits, but throughout
much of the area dips so gentle as to escape notice are the rule. Richard-
son’ called attention to the ‘‘ disconnected line of high level benches
[that] extends along the eastern base of the Franklin Range” and sug-
gests that it represents a fault scarp, which extends also along the foot of
the Organ Mountains.” The topography strongly suggests a foulted
pediment, which, dissected by numerous canyons, slopes down from
the mountain to an east-facing escarpment 10 to 50 feet high. East of
the escarpment an alluvial slope descends somewhat more steeply to the
Hueco bolson. Although the fault plane is not exposed the ercarp-
ment is undoubtedly a fault scarp. There is no similar scarp ¢n the
opposite side of the bolson as there should be if the'cliff were wave-cut.
The resistivity measurements indicate that a fault underlies the erearp-
ment and that the movement along the fault plane was about 400 feet.
The surface of the Hueco bolson has a slope toward the west of about
17 feet to the mile. King’® téntatively suggested that the gentle west-
ward slope of the surface of the Hueco bolson may have been caused by
gentle tilting, resulting from movement along a fault plane necr the
base of the Franklin Mountains. By projecting the surface of the
bolson westward to the fault plane a figure of 350 feet is obtained for
the amount of the throw. Immediately after the faulting; erovional
and depositional processes began, canyons were cut above the scarp and
the materials eroded from above were deposited below the scarp as
alluvial fans. Thus about 300 feet of outwash material has been piled
ag:imst the base of the escarpment, reducing its helght to about 59 feet
or less

Richardson described two, faults of small throw near the he"d of
Virginia Street in El Paso. Since he visited the area the sand and gravel
has been removed from two large pits, exposing a fault having a throw
of at least 50 feet about 200 feet north of the exposure he mentioned.
The fault plane is exposed (pl. 10, B) along the north side of the old

72 Dunham, K. C., Geology of the Organ Mountains: New Mexico School of Mines, Bur. Miﬂes and
Mineral Resources, Bull. 11, pp. 148-152, 173-174, 1935 (1936).

73 Bryan, Kirk, op. ecit., p. 209.

74 Richardson, G. B., U, S. Geol. Survey, Geol. Atlas, El Paso folio (no. 166), p. 9, 1908.

s Meinzer, O. E., op. cit. (Water-Supply Paper 343) p. .

7¢ King, P. B., op. cit. (Am. Assoc. Petroleum Geologists Bull vol. 19), p. 254.
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sand pits for a distance of over two city blocks. The strike df the fault
plane is N. 22° E., the dip is about 75°, and the downthrow is toward
the southeast. On the southeast side the beds dip steeply aw~y from
the fault because of drag folding, but at a distance of about 200 feet
to the east they dip toward the fault at a rate of about 30°. The floor
and the north side of each pit are composed of fairly consolidat~d, fine-
grained, buff to reddish sand and gravel. The remnants of thre material
that was removed show that it was loosely consolidated sand and gravel
and that it was involved in the faulting, which, therefore, is recent.

An exposure at Alabama and Tremont streets, described on page 38,
gives evidence that deforming movements were recurrent Tl =« lower
beds dip northwest at about 11°, the upper beds northwest at about 6°.
From El Paso eastward the Carlsbad highway crosses six north-south
trending asymmetrical depressions. (See plate 10, A.) Faulte having
throws of 10 to 30 feet have been found at the pomts where most of
these depressions intersect the valley wall. Also, the resistivit meas-
urements reveal clearly the existence of faults along the western sides
of the depressions on the Carlsbad road. Therefore the depressions
probably are due to minor tilting of the bolson sediments on axes near
the east sides of the depressions, as a result of movements along faults
bordering the west sides of the depressmns All the sediments, includ-
ing the caliche, are involved in the faulting.

The res1st1V1ty work indicates two faults of unknown throw that pass-
from near the point where the Carlsbad road descends into the El Paso
Valley northward to the east side of Biggs field. There are, bowever,
no surface indications of these faults and the well logs have failed to
show their existence.

Faulting in the La Mesa ares is inferred from the presence cf a.sym-
metrical depressions similar to those of the Hueco bolson.

! GEOLOGIC AGE

A large part of the surficial material in the Hueco bolson and on La
Mesa was deposited during the Quaternary period. Numerous .
vertebrate fossils referred to the Pleistocene epoch have been reported
from these sediments, and deposition has continued even up to the
present time. However, it is believed that the Pleistocene and Recent
deposits form only a thin mantle over a thick series of sediments deposited
during the Tertiary period and probably during the Pliocene epoch of
that period. These conclusions are based on the facts that the deposits
occurring along the sides of the mountains and near the tops of the val-
ley walls are uncemented, are practically undeformed, and have yielded
numerous Pleistocene fossils, whereas the sediments occurring in the
lower parts of the valley walls and in wells are slightly cemented,
usually deformed by normal faults, and have yielded, in one place,
Pliocene fossils.

Richardson’ reported the finding of well-preserved fossils of unques-
tlonable Pleistocene age in Rous’ gravel pit at the head of ™ 1rg1ma ‘
Street in El Paso. This pit has long since been worked out and the city
has been built up around it. However, it apparently is the pit that is
now bounded by Virginia, St. Vrain, Cahforn%a, and River Stre>ts. It
appears that the gravel that was excavated rested in an asymrmetric,
broadly V-shaped:trough formed by a tilted fault block. The north

77 Richardson, G. B., op. cit., pp. 5-6.
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side is bounded by a fault with the downthrow on the south and the
south side is also bounded by a fault. The bottom of the trough. which
is formed by slightly cemented clay and sand, slopes toward the north.
Some loose gravel remains at the top of the north wall of the p't, and
the material that was excavated from the pit and that contained the
fossils was evidently similar to this loose gravel. Another pit, 500 to
600 feet north of the Rous pit and bounded by Ange, Octavia, River
and Cliff Streets, is similar, except that the north wall is cut by a small
fault. The followmg sectlon which was measured on the north side of
this pit, on the downthrown side of the fault, is about 3,800 feet above
sea level, or about 200 feet below the h.lgh-level bench at this pla.ce
The beds dip southwest at about 30°.

Section at Octavia and CUff Streets, El Paso, Tex.
Feet
1. Limestoné pebbles ra.ngmg from about 34 inch to 6 inches in
diameter.
2. Massive-bedded, fine-grained friable, bedded brown sand
containing masses of light-gray to white cemented sand... 40
3. Magsive- to thin-bedded, fine-grained, buff, clayey sandstone,
" contains some gravel and numerous nodules of caliche near
the base_.__________ . 5
4. Chocolate-brown clay grading downward into layers of clay,
sand, and gravel .. __ e eeoen 2.5

5. Clean, loose sand, grading downward into gravel ___._______ 8
6. nght buff, moderately cemented, cross-bedded sa.ndstone,
covered .. e ecm e e teccaae 104

As bed 6 is somewhat indurated and tilted more than the mmrlymg
beds, it probably represents the top of the Tertiary sediments in this
sectlon .

Another section showing an angular unconforrmty between unconsoli-
dated deposits and slightly consolidated deposits is at Alabama and
Tremont Streets, about 1}4 miles northeast of the Rous gra.vol pit.
(See pl. 10, A.) The section at this locality is as follows:

Section at Alabama and Tremont Sireets, El Paso, Tex.
[Elevation 3,770 feet above sea level]

- Fee* '
1. Coarse gravel containing limestone boulders up to 1 foot in
diameter_ . ccccececeeeae 15
2. Brown sandy elay. .- e ceeeaee 1.2
8. Alternating beds of loose gravel and sand with clay. Beds 1
to 8 dip N. 60° W. ata.na.dgleof(i ____________________ 3
4. Gray to chocolate—brown sandy clay grading downward into
gray laminated sand______ . ___ .. 2.5
5. Gra.ly sand grading downward into light chocolate-brown 42
6. Massive-bedded, fine-grained, friable, buff micaceous sand.. 3
7. Chocolate—brown ClAY e e 1.5
8. Fine-grained, buff sand containing some thin beds of choco- -
late-brown elay e 10
Covered. '

Beds 4 to 8 dip N. 60° W. at an angle of 11°. Bed 4 is more incrated
and more deformed than the overlying beds and is tentatively re=arded
as the top of |the Tertiary deposits.

Professor H. E. Quinn’ reports several Pleistocene fossils from the
gravels at A stin Terrace near the eastern limits of El Paso. -These
fossils occur at about 3,880 feet above sea level and slightly below the

8 Quinn, H. B,, (Oral communication, 1937.
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level of the Hueco bolson. Thus, unless: these gravels have been
lowered by slumping or faulting, the sediments near the surfac~ of the
bolson are at about the same level and may be assumed to b° of the
same age. :

In the La Mesa area, Darton’® reports the finding of art of the Jaw of
a Pleistocene horse at a depth of 70 feet in-a well drilled in Kilbourne
Hole ‘“possibly in material that had caved from the sides of 'th~ hole.”
He also reports® that Mastodon, N. Mex., is so 'named becruse the
remains of a mastodon were excavated from, 'the slope on the nctheast.
It is therefore evident that the deposits near the surface of La Mesa are
of Quaternary age. Like the near-surface deposits of the Hueco bolson
they are uncemented.

However, the deeper, unconsohdated deposits of La Mesa are of
Pliocene age. Bryan® reports the finding of part of a mastodon skull
114 miles west of La Union, N. Mex., in the sand hills on the west side
of the Rio Grande Valley, ]ust below the Mesa rim and at least 300 feet
above the valley floor. This skull fragment was obtained from Mr.
Walter L. Kohlbert of El Paso and was sent to Harvard Uriversity
where it was identified as definitely of Pliocene age although the species
could not be determined. This find demonstrates with reasonable
clearness that both Pleistocene and Pliocene sediments occur in the La
Mesa basin and that since the Pliocene fossils are near the surface of the
basin, the Pleistocene constitutes a thin mantle over the bulk of the
unconsolidated deposits. Hence, as the deposits and the geologic
histories of the two basins are.similar, the Pliocene age of the slightly
eemented deformed beds that make up the major part of the sediments
in both basins may be regarded as fairly definitely established.

Bryan,’ who has spent many years in geologic studies in th~ squth-
west, refers the main body of the basin deposits to a single period of
deposition on the basis of four general criteria: (1) Slight cementation
of the beds, (2) deformity in all the deposits, mostly by normel fauits,
(3) diversity of lithologic types, and (4) conformity of arrangement to a
geographic pattern consistent with the laws of deposition iv basins.
He concludes that “The main body of sedimentary deposits of the Rio
Grande depression, from the north end of the San Luis Valley to and
beyond. El Paso, is considered to be of the same general age and to
belong to the Santa Fe formation (Pliocene).”

ORIGIN OF THE BOLSON DEPOSITS . )

The broad outlines of the history of the unconsolidated deposits of
. the Upper Rio Grande depression are fairly clear, due largely to the work
of Kirk Bryan and his students in central and northern New Mexico.
Bryan’s®® interpretation of the Tertiary and Quaternary history of the
upper Rio Grande depression may be summarized as follows:

1. In mid-Tertiary (Miocene) time volcanic activity and uplift on a 1 rge scale
formed highlands and basins in essentially their present locations.

2. Streams eroded the highlands and deposited the eroded materials in the basins,
some of which were drained—the deposits of a through-flowing stream lie near the
axis of the basins—while others were undrained. The ancestral Rio Grande can

7 Darton, N. H., Gmdebook of the weatem United States: Geol. Snrvey Bull. 845, p. 134, 1033.

® Darton, N. H., op. cit., p. 163. ) ]

8 Bryan, Kirk, .correspondence Bept. 14, 1936, and Jan. 4, 1937,

82 Bryan, Kzrk T he geolog an ground—water conditions of the Rio Grande depression in Colorado
anning, pt. 6, vol. 1, pt. 2, sec. 1, p. 205, Nat. Resources Comm., 1938,

38 Bryan, Kn-k, op. cxf. . PP. 204-219. .
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be traced through consecutive basins, at least as far south as the mouth of the Rio
Puerco, but it diverges from the present course of the Rio Grande in the vieinity
of Tijeras Arroyo, and it may be traceable farther south, possibly beyond Las Cruces.
The materials deposited - during this time .(Pliocene) are called the Santa Fe
formation. .

3. Most of the present-day mountains existed also during Santa Fe time. They
were reduced in the Pliocene and rejuvenated at the close of that epoch to form the
present ranges. Some additional mountains seem also to have been formed at that
time, and these mountain-making movements were accompanied by deformation
of the Santa Fe formation, chiefly by faulting. .

4. The Santa Fe formation was eroded to a broad, even surface, called th> Ortiz
surface, which represents essentially the present surface of such areas as La Mesa.
In the Albuquerque-Bellen basin this surface is about 500 feet above th> river
channel; downstream it is somewhat lower. © By the end of the period of erosion the
Rio Grande had attained essentially its present course. .

5. The river lowered its channel, but remained stabilized at successive stages for
considerable periods of time. During these periods of stabilization successively
lower but less extensive erosion surfaces were formed. Two such pediments are
well developed in the Santo Domingo Valley—the La Bajada and Pena Blanca
pediments which lie about 300 feet and 175 feet above the river channel, respectively.

6. Since the pediments were formed, the present flood-plain has developed, and
two types of low terraces have been formed. One type results from the deposition
of fans by tributaries and subsequent lateral planation by the river. The second
type is built by the river itself.

The details of the Tertiary and Quaternary history of the El Paso
section of the Rio Grande depression are less clear owing partly to the
fact that, except along the walls of the valley, the exposures are poor
and partly to the fact that the area has been less carefully studied.
There is nothing in the nature and composition of the Pliocene sedi-
ments of the Hueco bolson or in the Tularosa Basin to suggest that they
have any relation, so far as source is concerned, with the Pliocene sedi-
ments of the La Mesa area.

Meinzer®* has shown that in the Tularosa Basin the character of the
bolson deposits is closely related to the rocks that make up the adjacent
mountain masses. This statement is also true with regard to the sedi-
ments of the Hueco bolson. About half of the sediments obeerved
through exposures or wells are red to chocolate-brown clays, whicl were
probably derived in part from the limestones and dolomites that com-
prised the major part of the Franklin and Hueco Mountains and in
part from the weathering of the feldspathic minerals of the granite.
Sand and gravel comprise the remainder of the sediments. The sands
were probably derived from the quartz grains of the granite and other
igneous rocks, from the fragmentation of the sandstone and quartzite,
and from the chert nodules that occur in several of the limestone forma-
tions. The gravels are composed chiefly of pebbles of rhyolite and
andesite porphyry, quartzite, chert, and minor amounts of limestone
and granite, similar to the rocks found in the Franklin Mountains.
The pebbles and sand grains are angular to subangular showing that
they have not been carried far from their points of origin.

A large part of the sediments of the La Mesa area are brown to-buff
clays: The sand, which is relatively abundant in the exposed portion
of the sediments, decreases with depth. It is chiefly gray to black and
contains a considerable proportion of basalt fragments and grains.
Basalt is common in the La Mesa area and in the basins upstreanx from
La Mesa but is not known in the Hueco bolson. East of the El Paso

3¢ Meinzer, Q, E., and Hare, R. F., Geology and water resources of Tularosa Basi-n; N. Mex.: U.S.
Geol, Survey Water-Supply Paper 343, p. 66, 1915,
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gorge the first basalt fragments that appear in the sediments sve found
in the alluvium of the El Paso Valley. 1t is therefore concludec' that the
through-flowing stream postulated by. Bryan in Pliocene time did not
flow through the Hueco bolson.

Lee® postulated an ancient river that flowed through the Jornada del
Muerto and La Mesa into the lakes of ‘the interior basin' of Chihuahua.
This hypothesis is supported by the topography of the La Mese. surface,
whieh, excluding the Mesilla Valley and the alluvial slopes of t}'« moun-
tains, has a general slope to the south -and shallow depressiors with g
general north-south trend. (See Norio and Chanutillo topographic
sheets.) Near Las Cruces the elevation of the surface is abcut 4,250
feet above sea level, near the international boundary it is. about
4,100 feet, at Lake Guzman it is 3,922 feet, and at San Jose near Laguna,
de los Patos it is 3,900 feet. Thus the slope from north to soutk is about
350 feet in 100 miles or about 3.5 feet per mile. The hypotheris is also
supported by the evidence that the lakes of the lake region were formerly
much larger than they have been in historic times.

No such general slope is apparent in the Hueco bolson-Tularosa Basin
depression. As pointed out before, the Hueco bolson and probebly the
Tularosa Basin have been tilted since their surfaces were formed, and
the lowest parts of both basins are now along their western sidas. The
lowest part of the Tularosa Basin is in the vicinity of the Alkali flats
near the White Sands Monument. The surface of the alkali flnt has an
elevation of about 3,950 feet above sea level. The land surface rises
gradually from the flat toward the south, and at the State Boundary,
where it has an elevation of about 4,000 feet it forms the divide between
the Hueco and Tularosa Basins. South of the divide the surface slopes,
somewhat irregularly, to an elevation of about 3,875 feet at the Mesa
pumpmg plant near the El Paso Valley. South of that valley the sur-
face rises again into the interior valleys of Chihuahua. Thur. in this
depression the present topography suggests that there was no through-
flowing stream connecting the Tularosa and Hueco Basins. -

As pointed out by Meinzer®® many of the clay beds in the vicinity of
El Paso were obviously deposited in lakes. However, the general
irregularity of the bolson deposits and the absence of ancient shore lines
indicate that the deposits are predominantly not lacustrine. Hence,
some of these beds were probably deposited in small lakes or playas,
but most of them probably were deposited by témporary rapid streams
or by sheet wash. Such deposition could have taken place with ¢ climate
and geography not far different from that which exists at the present
time.

At the end of the Cretaceous period there had accumulated, over the
great thickness of Paleozoics a small thickness of Jurassic sediments—
El Paso was near the northern margin of the Jurassic sea®-—several
thousand feet of Lower Cretaceous limestone and sandstone such as
crop out in the Sierra del Paso del Norte' and numerous othe moun-
tains in Mexico, and an unknown thickness of Upper Cretaceous shales,
limestones, and sandstones, such as crop out-in the gorge west of El
Paso and in the Cerro de Muleros. When the early Terfiary 1 ountain

\

8 Lee, W. T., Water resources of the Rlo Grande Valley in New Mexico and their development:
U. 8. Geol. Surv% Water-Supply Paper 188, pp. 20-25, 1907.

& Memzer O Yx cit., p. 67.

8" King, P Qutline of structural development of trans-Pecos Texas: Am. Assoc. Petroleum
Geolomts Bull “vol. 19, no. 2, p. 237, 1935,
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building occurred, the uplifted mountains were capped by the entire
Cretaceous section.  Ephemeral streams and sheet wash immediately
began to erode those rocks and carry the debris from the mountains
into the deep troughs between them, just as at the present time during
heavy storms large quantities of sand, gravel, and clay are carried down
the mountain slopes and deposited, the gravel fairly well up the slopes,
the sand somewhat lower, and the clay. in the adjacent lowlands. The
gravel and sand also would tend to be picked up by later floods and
thus gradually be worked down the slope. = West of the Franklin Moun-
tains the water may have drained by a through-flowing river into the
Lake Region of Chihuahua, but east of the Franklins there was no out-
let for the w:t r to escape and it collected in the lowest parts of the -
area, forming lakes or playas in which fine-grained sediments were
deposited. As at present, the water probably was evaporated from
most of these lakes within a few days or. weeks after each storm, and
the dissolved mineral matter was left in the lake bed. In general, low
areas would tend to remain low with respect to the surrounding sreas
and subject to occasional flooding unless crustal movements inter-
vened, but there might have been occasional storms of unusual violence
which would carry such quantities of detritus into the lowlands ¢ to
change the topography completely. In this manner beds that were
deposited in lakes might be overlain and underlain by stream-laid
deposits. If it should happen that an undrained depression remained
at the same site for a considerable period, the concentration of mineral
matter resulting from evaporation of flood water would doubtless cause
considerable amounts of soluble mineral salts to be included in the clays
of the lake beds and occasionally in sand beds that were deposited in
the lakes during heavy rainstorms.

In this way may have originated the parts of the bolson depos:ts that
contain highly mineralized water, such as the western side of the
Tularosa Basin near Alkali Flat, which was probably almost confinu-
ously the bed of an ephemeral lake the El Paso Valley area, par‘s.of
which contain ouly highly mineralized water; part of Mesilla Valley;
and the area around Lake Guzman and the Barreal. At first the sedi-
ments would probably accumulate most rapidly near the sides of the
basins, but as the adjoining mountains were worn down there would be
a tendency for the streams to erode the detrital material along the mar-
gins of the basins and deposit it in the center, thus gradually leveling
the surfaces of the bolsons.

During this period of erosion and sedimentation all of the Cretacsous
was stripped from the Franklin, the Organ, and the Hueco Mountains
and from most of the adjoining mountains; all of the Paleozoic sedi-
ments were stripped from the central part of the Franklins and from a
large part of the Organs; and the Carboniferous sediments were eroded -
from the southern part of the Organs and the southern part of the
Franklins. However, in the mountains south of El Paso in Chihushua
only the Upper Cretaceous has been widely eroded away, bec~use
those mountains were of later origin than those in the United State, or
because they were not so highly elevated, or because the Lower Cre-
‘taceous limestones there were much thicker than those to the north
and therefore would not have been eroded as quickly.

Most of the erosion here postulated is believed to have occurred in
middle to late Tertiary time; the structural basins were nearly filled with
sediments and erosion had nearly ceased by the end of that period. - In
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his paper on the origin of the Colorado River Blackwelder?® states his
conclusion that uplift' of the Colorado mountains and consequent
increase in rainfall as well as the previous filling of the bsgins aided in
establishing through drainage of that river. Similar occurrences prob-
ably aided in establishing the Rio Grande in its present course. At the
end of the Pliocene, as indicated by Bryan, the mountain areas were
again elevated, apd with the consequent increase in rainfall, e~osion °
and sedimentation were renewed and Pleistocene sediments were
deposited on the Tertiary sediments. As the basins were by this time
nearly filled with sediments, the lowest parts were flooded during
- exceptionally heavy storms and became ephemeral lakes, whicl over-
flowed into the adjacent basins. This process was repeated until a con-
tinuous valley was established from La Mesa across the site of the El
Paso gorge, through the Hueco bolson and across the mountains of the
Big Bend. At about this time the headwaters area of the Rio G-ande
was elevated, and precipitation there became sufficient to support a
_ through-flowing stream. However, until the flow was regulated by
the construction of dams there were considerable periods during which
the streams carried no water. In the Tularosa Basin, however, the
rainfall was not sufficient to fill the lowest part to overflowing. Like-
wise, in the Lake Region of Chihuahua, although it contained large
lakes fed by three rather large rivers, the supply of water was not, suffi-
cient to establish a channel to the Rio Grande. ’

RESISTIVITY MEASUREMENTS

Some information concerning the bolson: deposits may.be inferred
from resistivity measurements made at more than 200 stations, most
of them. on the Mesa, a few in the El Paso Valley. A voluminous
literature has sprung up on the methods of making registivity me~sure-
ments and the interpretation of the results. Some of the more impor-
tant papers selected by F. W. Lee are listed below,

Ambronn, Richard, Elements of geophysies, 372 pp., MeGraw-Hill Book Cc., New
York, 1928. (translated by Margaret C. Cobb)

Broughton Edge, A. B, and Laby, T. H., The principles and practice of geoE hysical
prospecting, 372 pp., Cambridge University Press (American agents, the Mae- -
millan Book Co., 60 Fifth Ave., New York City), 1931.

Eve, A. S, and Keys, D. A, Applied geophysies in the search for minerals, 2d ed.,-
296fgp. Cambridge University. Press (American agents, the Macmillan Bo~k Co.,
60 Fifth Ave., New York City), 1033. : .

Eve, A, 8., Keys, D. A,, and Lee, F. W., Depth attainable by electrical methods in
applied eolghysics: U.s. Bur. Mines Tech. Paper 463, 1929.

Gish, O. H,, reliminal.\x;ry earth-resistivity measurements on the site of the Depart-

. 11]3621}1'; of Terrestrial Magnetism, D. C.: Carnegie Inst. Washington, Year Brok 23,

Gish, O. H., Improved equipment for measuring earth-current potentials and earth
resistivity: Nat. Res. Council Bull. 11, 1926. N o

Heiland, C. A., Geophysical methods of prospecting: Colorado School of Mines,
Quart., vol. §4, no. 1, March, 1929. : .

e, F. 'W., Joyce, J. W., and Boyer, Phil, Some earth-resistivity measurernents:
U. S. Bur, Mines Information Circular 6171 (10 pages), 1929. :

MecCullum, Barton, Measurement of earth-currents: Elee. Ry. Jour., Nov. 5, 1931,

MecCullum, Barton, and Logan, K. H., Practical application of the earth~current

meter: U. S. Bur. of Standards Tech. Paper 321,47 pp., 1927,

mélmwkwelder, Eliot, Origin of the Colorado River: Geol. S8oc. America, Bull,, vol. 45, pp. 5515686,

'
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Rooney, W. J., Earth-resistivity measurements in the copper country of Michigan:
Terrestrial Magnetism and Atmospheric electricity, vol. 32, 1927.

Rooney, W. J., and Gish, O. H., Measurement of the resistivity of large volames of
undisturbed earth: Carnegie Inst. Wagshington, Year Book 24, 1925.

Swartz, J. H., Oil prospecting in Kentucky by resistivity methods: U. S. Bur. Mines
Tech. Paper 521, 1932.

Weaver, Warren, Certain ﬁ)plications of the surface potential method: Geophysical
prospecting, Am. Inst. Min. & Met. Eng. Trans. 81, pp. 68-86, 1929.

Wenner, Frank, A method of measuring earth resistivity: U. S. Bur. Standards Sei.
Paper 258, pp. 469-478, Oct. 11, 1915.

In the present report no attempt is made to describe completely the
resistivity work or the results accomplished.

The method used in the El Paso investigation was the Lee8? partition-
ing method, which consists very briefly of passing a current through two
iron stakes driven into the ground and measuring between two po*ential
~electrodes the potential difference caused by the flow of the current in
the ground. All electrodes are placed in a straight line. The current
electrodes are driven into the ground at a distance 114 a from, #nd on
opposite sides of, the center where a is the effective depth of the measure-
ment. There are three potential electrodes, one at the center ard two

at a distance of % on each side of the center. At each value of a the

potential differences are usually measured successively, first between
the center potential-electrode and the first one and then betwe~n the
other lateral potential-electrodes. The interval ¢ and the amowmt of
current used are carefully controlled, so that any differences in voltage
measured are due to differences in the conductivity of the materials
measured. In the El Paso investigation the interval a was iritially
1,000 feet at each station and was decreased in steps of 20 feet until all
of the electrodes were near the center. The measurements at each
station were then plotted on coordinate paper using the interval a,
representing the depth in feet, as the abscissa and the resistivity in
ohm-centimeters as the ordinate. The interpretation of the results
was based in large part on these curves.

It should be clearly understood that the interpretation of geo'ogical
conditions from resistivity measurements is still in the experimental
stage and fraught with great difficulties. The applicability of resistivity
methods to the search for water-bearing materials is based chiefly on
the fact that coarse-grained sands and gravels, which permit rapid
movement of water through them, are in general poor conduetors of
electrical current and have high resistivity, whereas fine-grained sedi-
ments through which water moves with difficulty, are usually good
conductors and have low resistivity. It is known from field experience
that the depth to which the current penetrates is approximately equal
to the interval a. The resistivity that is measured is the we‘ghted
average of the resistivity of the entire column of sediments from -the
surface to the depth a, and although the resistivity of a given thitkness
of material at the depth a largely affects the resistivity measur>d, its
effect on the average resistivity decreases with depth. Henes, the
interpretations of resistivity data at shallow depths are simpler than
interpretations at greater depths.

8 Lee, F. W, and Swartz, J. H., Resistivity measurements of oilbearing beds: U. S. Bur. Mines.
Tech. Paper 488, 1930.
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The resistivity investigation indicates that the Hueco bolson, so far
as it was covered by these investigations, may be divided into five areas
(pl. 9), based on the configurations of the resistivity curves. (See
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Fiqure 3,—Characteristic types of resistivity eurves in the El Paso area.

fig. 3.) The salt-water area S is discussed on pages 49, 52, and in a
recent paper by Sayre and Stephenson.®® The section R is the svea in

 8ayre, A, N. and Stephenson, E. L. The use of resistivity methods in the locatior of salt-.
mglaodllgg 7in the El Paso, Texas, area. Am. Geophys. Union Trans., 18th Ann. Mtg., pt. 2, pp.
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which bedrock is believed to underlie the surface at a depth of less than
1,000 feet, namely, beneath stations 26, to 31 near the Franklin Moun-
tains and statlons 124 to 128 near the Hueco Mountains. The stations
near the Franklin Mountains were occupied along a traverse extending
eastward for a distance of about 3 miles from a point a short distance
west of the maouth of a small canyon about 14 mile north of the Baptist
Sanitarium. The other stations lie along a line extending westward
along the Carlsbad road from the first outliers of the Hueco Mountains.
In both cases the bedrock is exposed nearby and is known to be within a
short distance of the surface at the station. The slope of the bedrock
surface near the Franklins is shown in figure 2, prepared by J. H.
Swartz. At station 29 the bedrock appears to be about 250 feet below
the surface. At stations 30 and 31, which are located where the projec-
tion of the east-facing escarpment (see p. 35) crosses the canyon, the
bedrock appears to lie at a depth of 320 feet on the west side and 737 feet
on the east side, thus confirming the supposition that the escarrment
results from faulting. At stations 27 and 26 the bedrock appears to lie
at 750 and 810 feet beneath the surface. There is some evidence that
the bedrock is indicated at station 25, but it is not sufficiently clear to
- warrant positive identification. It seems likely that east of the station
the bedrock becomes rapidly deeper. Along the Hueco Mountains at
stations 128, 127, and 126 the bedrock appears to be 130, 160, and 80 feet,
respectively, beneath the surface. West of station 126 bedrock crops
out near the surface, but at station 125 it appears to be nearly 407 feet
beneath the surface, indicating a fault with the downthrow toward the
' west. Although there is practically no surface evidence for inferring a
gault at station 125, west of there the bedrock appears to become re.pidly
eeper.

The areas A, B, and C (pl. 9) as differentiated by E. L. Stephenson on
the basis of the curve types obtained in these areas, are believed to
represent areas in which the prospects for obtaining water are different.
These areas doubtless overlap and intergrade and their boundaries are
arbitrarily selected. The A area is believed to offer the poorest chances
of obtaining large quantities of water. The curves in this area show
the smallest number of variations from the normal. The B area offers
somewhat better prospects for water and the C area offers the best
prospects. Variations from the normal curves are somewhat more com-
mon in the B area than in the A and aré most common in the C area.
One of the three test wells drilled during the investigation in 193" was
located in each of the three curve type areas. (Seé fig. 3 and logs of
wells 64, 76, and 136.) These indicate that in the A area the fineness
of the sand would be likely to limit the yields of wells considerably. In
the western part of this area there might-be sufficient sand to spply
fairly large yields to wells. The B area was somewhat more favorable,
and the coarsest sand was found in the well drilled in the C area. .

In 1937 and 1938 the. city of El Paso drilled several more test wells.
The data from those wells seem to substantiate the general conclusions

regarding the water possibilities of those areas, but it has also erapha- -

sized the fact that especially in the C area there is considerable var‘ation
in the percentage of sand from well to' well and that although these
variations appear to be shown by the resistivity curves, it may be very
difficult to detect them in advance of drilling. On plate 9 the areas
that appear to offer greatest possibilities for developing large yields in
the C area are indicated.

AY
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OCCURRENCE OF GROUND WATER IN THE AREA
GENERAL F EATURES

The principal water-bearing beds of the area are the unconsolidated
deposits of Tertiary and Quaternary age underlying the Huecn bolson
and the El Paso Valley. However, the bedrock may provide small
amounts of water in wells, such as Nos. 156 and 175, which pass through -
the bolson deposits and enter the limestones underlying them. The
McElroy packing company also has had drilled in New Mexico east of
the Hueco Mountains two wells that penetrate the underlying bedrock.
The Lippincott well in the Mesilla Valley, drilled by the city of El Paso,
also penetrated the bedrock. The water from all these wells, I vwever,
is too highly mineralized to be acceptable for most purposes, and the
supply is rather small. Data regarding the wells visited du-ing the
ground-water investigation at El Pago are given in the well tables on
pp. 122-147, and the location of each well is shown on plate 2.

Water of good quality occurs nearly everywhere in the deposits
underlying the Mesa area of the Hueco bolson, except in the extreme
northeastern part. The yield of the wells and the depth to tl « water
level vary widely from place to place. Near the east side of the bolson
the water level is encountered at 300 to 400 feet beneath the swr€ace; on
the west side it is encountered at about 200 feet near Fort Blis~ and at
about 300 feet near the State boundary. The difference in th« water
level is partly because the bolson surface rises toward the east and
partly because the water table slopes toward the southeast. Ir general
the water is not artesian, since it does not rise appreciably al'wve the
level at which it is encountered in wells. However, in a number of
wells impermeable material was encountered at the water level, and
when water-bearing sand was ericountered at somewhat greater depth,
the water rose to the static level and appeared to be under artesian
pressure. An example of wells of this class is well 140, £outhern
Pacific Co. at Newman, where water was encountered at 328 feet and
rose to 280 feet beneath the surface. All the water-bearing beds of the
bolson' deposits appear to be more or less interconnected so that the
water from the deeper beds will rise to about the same height in a well
as does the water of the shallower beds.

In the El Paso Valley water occurs in the water-bearing sands and
gravels at all depths from about 10 to 1,276 feet, which is the deepest
well drilled in the valley in the vicinity of El Paso. However, not all
of this water is potable. In the valley downstream from El Prso most
wells are relatively shallow and the water is in general more or less
highly mineralized. The deeper strata have not been exploved, but
some of them may contain potable water for a short distance below
El Pagso. At Clint, however, a well drilled to a depth of 1,10 feet is
reported to have encountered only briny water.

On La Mesa and along the Mesilla Valley water of satisfactory quality
is encountered in a number of ranch wells and in railroad wel's. The
water-bearing beds are, however, not as thick or as permeab'e as are
those in the Hueco bolson. The water stands at varying depths depend-
ing to some extent upon the altitude of the surface—at Strauss it is
342 feet; at Afton, 385 feet; at Lanark, 365 feet; and at Noria, 321 feet.
In most of these wells the water rises a considerable distanee above the |
bed in which it is encountered. : e
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A\ QUALITY OF WATER

By Marearer D. Foster

Analyses of waters from 78 supply wells in the El Paso area are given
in the tables on pages 116-120. Several analyses are given for some of
the more heavily pumped wells which were sampled periodically in
order to determine whether these waters are changing in composition as
a result of pumping or for some other reason. Most of the analyses were
made by Margaret D. Foster in the Water Resources Laboratory of the
G%?logical Survey. A few were made by other analysts, as noted in the
table.

The partial analyses given on pages 156—158 represent waters from
215 test wells, ranging in depth from 5 to 20 feet, which were snnk in
and near the eastern limits of the city in connection with the invastiga-
tion of shallow ground water in El Paso Valley. The locations of these
wells are shown on plate 14, and their descriptions are given on pages
148-155. The wells were sunk under the supervision of Robert Colvin
by labor supplied by the Works Progress Administration, and the analy-
ses were made by chemists employed by that agency working uncer the
supervision of Prof. E. P. Schoch of the University of Texas.

The analyses given in the tables below indicate that the ground
waters in the El Paso area differ greatly in the content and character of
the dissolved mineral matter. The extremes of mineralization found
were 196 and 18,268 parts per million (wells 148 and 172, respectively).
In most of the waters, however, the mineral content was between 400
and 800 parts per million. Bicarbonate and/or chloride are the pre-
dominant acidic constituents in most of the waters; sulfate is vsually
subordinate except in some of the more highly mineralized waters, in
which it may predominate, as in the water from well 10. (See diagram
B, pl. 11.) The bicarbonate content of the waters is fairly uniform and
whether a particular water is characterized by bicarbonate or cl-loride
or is of mixed character depends on the chloride content, which differs
greatly in different waters. Chloride is also significant with reference
to the use of a water for industrial or municipal purposes. Most of the
waters in which chloride is high are sodium-chloride waters; in those in,
which it is low or moderate the predominant basic constituent may be
either sodium or calecium or both in approximately equivalent amounts.
The calcium and magnesium content of a water determines its hardness;
waters low in calecium and magnesium are soft, those high in these
elements are hard. Hardness is the characteristic of water that re~eives
the most attention in industrial or municipal use. In the discussion of
the kind of waters found at different depths in different parts of the
area particular emphasis has been placed, therefore, on chloride content
and hardness. The distribution, based on chloride content and hard-
ness, of the waters in different parts of the area is shown in the tables on
pages 50, 51, 52, and 54.

Analyses of representative waters are shown graphically in plete 11,
and figures 4 to 6. The heights of the several sections of the diaerams
correspond to the quantities of the constituents reported in the teble of
analyses expressed in terms of equivalents per million rather ti ~n in
parts per million. One unit of height corresponds to 20 parts per mil-
lion of ealcium, 12 of magnesium, 23 of sodium, 61-of bicarbonate, 48 of
sulfate, 35.5 parts of chloride and 50 parts of hardness as calcium car-
bonate. The total hardness is measured to the top of the magne~ium;

y
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the carbonate hardness to the top of the bicarbonate, if this is lower
than the top of the magnesium. If the top of the bicarbonate area
extends above the top of the magnesium area all the hardness is car-
bonate hardness. {

MONTANA WELL FIELD AND REFINERY AREA

Analyses were made of waters from nine wells (San Antonio dairy,
no number; Nos. 49, 50, 52, 55, 57, 58, 59, and 61) in the Montana well

EXPLANATIQON

%

2%

K

Sodium Chioride
4 700

z
. °
& p —]s00°3
) Oct.i1939 3
= ] ¢
2 B C E
0 - - May 1937 — 500
ud -
o x
» A %
- gl | ] | ] .
z 8 400 @
'j W
z
s 2
L] - | <
3 300 &
L .
g
o
41— / — 200 "

% ?

2 7 — 100
i 7’

Well 59 Well 55 Well 52 Well 52
F1aure 4.—Type of deep waters found in the Montana well field.

field. The distribution of these waters with reference to total herdness
and chloride is shown in the table on page 50. The waters analyzed
fall into two groups—those from wells 150 to 350 feet deep anc those
from wells more than 600 feet deep. The waters of the first group
differ greatly in hardness, in chloride, and in total mineral content;
those in the second group are quite uniform in those respects. Analyses
of typical waters from wells 600 to 900 feet deep are shown diagram-
matically in figure 4. These deeper waters are moderately hard waters-

in which sodium and chloride are the predominant basic and acidic

constitueﬁts, respectively. Periodic analyses were made of most of

- . i
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the deep waters in order to determine whether they were chanving in
composition. The greatest change was in the water from well 52
(city well 3). The chloride content of this water is apparently lowest
at the beginning of the pumping season. For example, 48 hours after
pumping was begun in May, 1937, the chloride content was 18" parts
per million. Within 2 months (June 25, 1937) the chloride had in<reased
to 252 parts, but with continued pumping there was apparently no
further increase, for on October 29 the chloride content was 24€ parts.
The hardness -of the water did not change appreciably. The analyses
for May 1937 and October 1937 are shown graphically in figure 4, C and

Distribution of the waters in the Montana well field and refinery area with respect to
hardness and chloride

Total hardness Chloride
(parts per million) (parts per millicn)
Depth Number
below l(a;.nct )surface 0{18
ee wel Less More | Less More
100 201- 100- 251-
than than | than than
Toar | 200 | 400 | R HER 0 250 | 500 | 5o
150, ... 0 0 0 0 0 0 0 0 0
151-350_ . ... 3 0 1 1 1 1 0 0 2
351-600.. ... ... _ 0 0 0 0 0 0 0 0 0
More than 600_____ 6 0 6 0 0 0 5 1 0
Totalewaucaan 9 0 7 1 1 1 5 1 2

D. Other wells show similar but somewhat smaller changes in mineral-
ization. The water below 900 feet is reported to be highly mine-alized.

DOWNTOWN AREA

Analyses of water from| wells 8-14, 18, 19, 21, 22, 25, 28, 29, 31,
32, 34-37, 39, 4244, 46, Jand 47 in the downtown area are g'ven on
pages 116 and 117. For a number of wells there are several analyses.
The analyses show that the waters differ greatly in mineral }ontent
and in chemical character, ranging from soft waters that are moder-
ately low in dissolved mineral matter to very hard, highly miner-
alized waters. Extreme types of waters found are shown graphically
in plate 11, A and B. The table on page 51, giving the distribution
of the waters with reference to hardness and chloride, shows that
this wide variation in mineral composition is particularly eharacter-
istic of waters from wells less than 350 feet deep. The waters from
wells 350 to 600 feet deep also show wide differences in chloride
content and in hardness but are generally rather low in chlor‘de and
are hard. Analyses of typical waters from wells 350 to 600 fe~t deep
are shown in plate 11, diagrams C and F. High chioride in a few of
these waters may be due to faulty well construction, which permits °
water from shallow beds to enter the well. Water from wells 600 to
900 feet deep, on the other hand, generally is somewhat hi~her in
chloride content but much softer. A typical water is shown in glate 11,
diagram G. Periodic sampling and analysis shows that in some of the
wells the waters are changing in composition, particularly in ehloride
content. For example, the water from well 44 gradually increased
from 158 to 203 parts per million between January 1935 and Qectober
1937. A year later, however, there had been no further increase in
chloride. The change in the composition of the water from well 31
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‘between September 1935 and August 1938 is shown graphca.lly in pla,te
11, diagrams D and E. The change in composition in this water was
. genera,l and involved, to a greater or less degree, the calcium, sod* um,
and sulfate as well as the chloride. Highly mineralized - water is
reported to have been encountered at about 725 to 750 feet in geveral
wells recently drilled in this aréa. Well 21 was plugged ba.ck fromr 807
to 650 feet to seal off highly mmerahzed water.

Distribution of the walers from wells of different depths in the downtown area mth
respect to hardness and chloride

Total hardness T Chloride _

B (parts per million) (parts per million)
Depth ~ Number .
below lé,ndz)surface ofh . 5. .
ee wel Less More ess ore
100- 201 100~ 251~
than than | than than -
100 { 200 | 400 | Ggp [ ‘jo0 | 250 | 500 | 500
6 1 1 3 1 (1] 4 1 1
3 0 2 [1} 1 1 2 0 0
13 1 2 8 2 9 2 1 1
7 6 1 0 1] 1 6 0 0
20 8 6 11 4 11 14 2 2

EL PASO VALLEY, NEAR EASTERN CITY LIMITS

The character and mineral content of very shallow waters i in El Paso
Valley is shown by the partial analyses (pp. 156~158) of samples from
215 test wells 5 to 20 feet deep which were sunk in and near the eastern
limits of the city by Works Progress Administration labor under Mr.
Colvin’s direction. The distribution of the waters with respect to total
mineral con,tent, total hardness, and chloride eontent is shown in the

Number and percent of samples according to ranges (in paris per million) of total solids’
hardness, and chloride in waters from shallow test wells tn El Paso Valley rear
) the eastern city limits .

Total solids

Samples

Parts per million
Number | Pareent

s
@«
nN
=880
FEITERY

3 1.8
5 3.0
37 22.0
57 33.9
66 39.3
3 1.4
67 31.1
84 39.0
21 9.8
7 3.8
3 15.4
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table on page 51. These very shallow waters differ greatly in content of
dissolved mineral matter but are generally highly mineralized. About
60 percent of the waters had between 1,000 and 3,000 parts pe* million
total mineral content. The waters are generally very hard; more than
70 percent having a hardness of over 400 parts. In many of the waters
bicarbonate, sulfate, and chloride are present in about equal amounts,
although some of the waters are characterized by a predominance of
one of these constituents. In well 110, for example, the predominant
acidic constituent is chloride, in wells 11 and 108 it is sulfate, and in
well 211 it is bicarbonate.

Analyses of waters from 6 wells 75 to 191 feet deep (wells 161-165,
172) in El Paso Valley indicate that the deeper waters in the valley,
‘like the very shallow waters, differ greatly in mineral content and
chemical character. Waters of good quality may be found (well 162),
but in general the waters are highly mineralized, hard, and reclatively
high in chloride. No analyses are at hand of waters from a depth of
more than 200 feet in this part of the area.

MESA WELL FIELD AND VICINITY

Analyses of waters from 14 wells in the Mesa well field and vicinity
are given in the table on pages 118 and 119 (wells 64, 65, 67, 60. 70, 73,
75, 75a, 76, 77, 78, 79, 128 and 129a). For some of the wells several
analyses are given. Most of the waters for which analyses were made
are from wells more than 600 feet deep. The few analyses of waters
from wells less than 600 feet deep indicate that these waters as well as
those from wells more than 600 feet deep are for the most part relatively
low in chloride and moderately hard. The distribution of the waters
with respect to chloride content and hardness is shown in the table on
this page. Analyses of typical waters are shown graphjcally in figure
5, diagrams A, B, and C.  Wells near the rim of the Mesa, particularly
if heavily pumped, yield somewhat more highly mineralized water than

Distribution of groind waters from wells of different depths in the Mesa well field and
' vicinity with respect to hardness and chloride

Total hardness ' Chloride
(parts per million) ) (parts per million)

Number
0{1 '
wells Less More | Less More
100- 201~ 100~ 251~ -
than 200 400 than than 250 50C than

Depth
below land surface
(feet)

100 400 100 500
50-150. ... ... 0 0 0 0 0 0 0 0 0
151-850_____.______ 1 0 1 0 0 1 0 0 0
351-600___________ 2 0 2 0 0 1 1 0 0
More than 600_____ 13 2 8 2 1 9 2 2 0
Totals....... 16 2 11 2 1 11 3 2 0

wells some distance from the rim. (See p. 118.) For example, well
68, near the rim and heavily pumped, yields more highly mineralized
water than well 75, also heavily pumped but situated away from the
‘rim. This difference is shown graphically in figure 5, diagramrs B, D,
and K. Moreover, the mineral content of the water from well 68
increased during the period of observation (January 1935 to Oectober
1936) whereas that of the water from well 75 remained constant over a
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longer period (January 1935 to September 1938). The charee in
mineralization of the water from well 68 between April 1936'and Octo-
ber 1936 is shown graphically in diagrams D and E, figure 5. The
chemical character of the water from well 68 is unusual in comp-rison
with that of most of the other waters in the El Paso area in that calcium
and magnesium are present far in excess of bicarbonate and sulfate.
It is a very hard: calcium-magnesium-chloride water. The wate~ from
other wells away from the rim is comparable in chloride contert and
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F1aurg 5.—Types of deep waters found in the Mesa well field and vicinity.

hardness with that from well 75. In those waters the predor~inant
constituents are usually sodium, bicarbonate, and chloride. Like the
water from well 75 they showed no change in composition with pumping.

HUECO BOLSON IN NEW MEXICO AND TEXAS

Analyses were made of 19 wells (wells 136, 137, 138, 141, 143, 144, .
147, 148, 149, 151, 153, 155, 158, 160, 166, 174, 177, 178, and 179) in
the Hueco bolson in New Mexico and Texas, or the Mesa, as it is called
locally. The distribution of the waters with respect to hardness and
chloride content is shown in the table on page 54. On the who'e, the
waters in the Hueco bolson appear to be among the best in the ET Paso
area. At all depths they are characterized by low to moderate hardness
and by relatively low chloride content. Analyses of typical waters
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from different depths are shown diagrammatically in figure 6, dingrams
A to D. Diagram E, figure 6, represents one of the few more highly
mineralized waters from the bolson deposits (well 141). In this water,:
-as in that from well 68, in the Mesa well field, caleium and magnesium
are present in excess of bicarbonate and sulfate. Two wells in tl < area
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(wells 178 and 179) draw from limestone and not from the bolson
deposits. The waters from both wells are highly mineralized anc hard;
sodium chloride is the predominant constituent although both waters
are also high in sulfate.

Distribution of water from wells of different depths in the Hueco bolson in New Mexico
~and Texas with respect to hardness and chloride

Total hardness Chloride
(parts per million) (parts per million)
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LA MESA, N. MEX.

Ana,lyses were made of waters from wells 1 to 3 in La Mesa, N. Mex.
The shallow-well water (well 3) was comparable in mineral content and
in chemical character to the water represented in diagram A, figure 6
(Hueco bolson figure). The other two waters, from deep wells. were
comparable in hardness with those from simila.r depths elsewhere in the
El Pagso area but were somewhat higher in bicarbonate and in total
mineral content. The data, however, are not adequate to warrant any
ionglusmns as to the kind of water available at dlﬁ'erent derths in

a Mesa

CHIHUAHUA, MEXICO

Four analyses were made of waters from wells in Chihuahua. Three
waters, one from a spring and two from wells 45 and 250 feet deep, were
low to moderate in éhloride content and in hardness. The fourth water,
from a well 900 feet deep, was high in chloride and moderately I ard.

'SUMMARY OF QUALITY OF WATER

It is evident that.few broad generalizations can be made reg‘q.rdmg
the quality of the ground water in the El Paso area. The waters from
different depths there show certain general characteristics. « The very
shallow waters in El Paso Valley differ greatly in mineral content but
are generally highly mineralized. Waters .from wells 50 to' 600 feet
deep differ greatly in mineral content and in chemical character. In
most parts of the area, except in the El Paso Valley below El Pas~, good
waters may be found in some of the water-bearing beds at depths of less
than 600 feet, but it is only in the Hueco bolson that the waters appear
to be uniformly good. The waters from wells 600 to 900 feef, deep
show more uniformity in mineral content than.do those from shallower :
wells. Most of these deeper waters are relatively low in chloride and
moderately hard. The waters from depths greater. than 900 feet .are
reported to be generally highly mineralized.

That some of the more highly mineralized waters from wells move than
600 feet deep may be entering the wells from shallow beds not properly
sealed off has been the subject of extensive investigations by Mr.
Livingston and is discussed in detail on pages 75~93, 167-188.

The great differences found in the mineral cha,ractenstlcs of the
ground waters in the El Paso area, especially in the valley are~. may
be attributed to differences in soluble mineral matter in the sediments
with which they have been in contact. These differences are irherent
in deposits that were formed as irregularly as were the bolson deposits.

- QUANTITY OF WATER PUMPED FROM WELLS

Except for a little water pumped for industrial purposes fr~m the
. Rio Grande above the city, all the water used for industrial and publie
supplies in the El Paso-Ciudad Juarez area is pumped from wells which
naturally fall into two classes—shallow wells restricted to the valley
and deep wells both in the valley and on the Mesa.

SHALLOW WELLS

In the va,lley water that occurs between the water ’cable a,nd a depth
of about 500 feet is generally too highly mineralized to be acceptable for
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all purposes. However, for refrigeration and other uses where water
of good quality is not required, it is an inexpensive and convenient
source of water. Many shallow wells, most of them less than 50 feet
deep, have been sunk in the business section of El Paso to obtain water
for refrigerating and air-conditioning hotels and office buildingr For
several miles down the valley from the city, shallow wells are used to
supply water for stock and domestic use. The water table in the busi-
ness section of the city is near the surface and it has been neces-ary to
pump water from sumps or pits in many of the basements to keep the
water table below the floors of the basements. For many years the
El Paso Electric Co. pumped a number of shallow wells at a combined
rate of nearly 8,500,000 gallons a day to supply the plant on Santa Fe
Street with water for cooling. As a result of this heavy draft the water
table was kept low enough so that little trouble was experienced with
water in the basements of the business section of the city. However,
when the Electric Company plant was shut down the water table is
reported to have risen substantially, and in 1933 the city put down a
drainage well about 50 feet deep near Oregon and Fourth Streets and
installed a pump capable of discharging about 1,000 gallons per minute.
This pump has been operated almost continuously since that dete and
the water table in a considerable area has been lowered. No attempt
has been made to find all of the shallow wells, but a few were found
and data on them are given in the well tables at the back of this report.
No estimates were made of the total volume of shallow water pumped
by various wells, but it is apparent that in the aggregate the total
pumpage from shallow wells is large.

DEEP WELLS

Within the city limits of El Paso and Ciudad Juarez there are many
wells more than 500 feet deep that are in use at the present time. On
the Mesa, northeast, east, and southeast of El Paso there are a number
of widely scattered deep wells. In the valley, southeast of El Paso and

. within 30 miles of the city, there are only a few deep wells. In 1936
the city of El Paso was supplied by 13 deep wells of which 4 were
within the city limits, 3 were in the Montana well field at the eastern
limits of the city and 3 were in the Mesa well field, on Wilson Road,
north of Fort Bliss. The 4 wells within the city dlscharged into small
surface reservoirs from which the water was pumped directly into the
mains by centrifugal pumps. The wells in the Montana field and in
the Mesa field also discharged into small reservoirs from which the water
was repumped. Other large users of deep well water for public snpplies
are the city of Ciudad Juarez, with wells located in the El Paso Valley
in Mexico, and Fort Bliss near the Mesa well field on the Mesa. The
largest part of the water used for industrial purposes is pumped from a
group of wells in the valley east of the city limits, for the Teras Co.
refinery, the Pasotex Petroleum Co. refinery, and the Nichols Copper
Co. refinery. It is estimated that the average daily water use by these
three companies in 1935 amounted to 1,600,000 gallons.

Computations have been made of the total quantity of water prumped
from each deep well in the area and of the total amount of water primped
each year from all of the wells in the area, including those in Ciudad
Juarez, from 1906 to 1937.
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PUMPAGE BY CITY OF EL PASO

N

The amount .of water pumped each year by the city water depart-
ment from 1906 to 1941 as shown by their records is given in the
following table:

Water pumped by the El Paso water department 1906-1941, in million gallons a day

Year Quantity Year Quantity Year Quantity
t

1.0 5.8 8.5
1.2 5.6 7.9
1.8 6.3 7.3
1.8 6.7 7.0
1.7 6.4 7.5
2.0 6.3 7.4
3.2 6.5 7.8
3.6 6.8 8.4
3.8 6.4 15.2
4.2 7.3 16.8
5.3 7.4 18.4
6.4 7.5 19.5

The table below shows the year in which each city well was pl~ced
in service, the location of the well, its estimated capacity, and the
total water pumped from it, including that pumped in 1937. The
figures for 1906 to 1935 were compiled by Mr. F. H. Todd from pumpage
records in the office of the city water department:

Pumpage from each of the city of El Paso water wells to 1937

Wells Estimated capacity | Pumpage (mil. gal.)
e
. plac Total
Gity | Report Location in 1936 | includ-
1y | hepor service | (mil. |ing1935| 1936 1937
No. No. f i
gal.) mil.
' gal.)
11-44 | 83-124 | Mesa well field.____________ 190417 | Notused | 22,052 | _______.l .. _____
1 50 | Montana well field at Mon- 1918 1.7 9,244 465.3 297.2
tana and Madison Streets.
25 41 Grama and Morenci Streets. 1921 1.1
33 52 | Montana well field.______ ---] 1922 1.7
2 51 | Montana well field__________ 1923 1.0
4 49 Montana well field. | 1924 1.7
46 22 2d and Cotton Sts. -| 1925 1.5
7 31 Lee & Magoffin Sts 21927 1.8
8 79 Mesa well field 200. .| 1928 1.3
9 42 | Luna and Pera Sts___.._.._. 1929 1.6
11 78 | Mesa well field 300 yards | 1931 2.0
east of Mesa plant.
10 21 | Campbell and 6th Streets 1932 1.0
12 77 Mesa well field 800 yards 1935 1.5
east of well 11.
16 30a | San Antonio and Walnut 1937 2.0
Streets.
Total._._. o e e mtac et —————— 19.9 | 58,180 | 2,865.7 | 3,053.9

1 Old Mesa well field 1-44; discontinued in 1926.
2 Pump removed in 1936.

3 Abandoned l{l 1934; repaired in 1926.

¢ Repaired in 1926 to redjce hardness.

PUMPAGE BY CIUDAI') JUAREZ

Ciudad Juarez pumped very little water until 1925, when the first
of the three wells now in use was drilled. The second well was drilled
in 1926 and the third in 1935. During 1935 in Ciudad Juarez much
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work was done in extending pipe lines to areas not previously supplied
with water and in replacing old lines with larger pipe. As a result the
water supplied in 1935 was estimated to be about twice that supplied
in 1934. The following table has been prepared from rather meager
data pertaining to the amount of water pumped by Ciudad Juarez from
1925 to 1937.

Estzmated amount of water pumped by the Juarez water department, 192537, ir. million

gallons a day
Year Quantity Year . Quartity

0.1 1932 o 1.7
1.0 1933 e 1.5
2.3 1984 . . 1.4
2.2 1935 e 2.9
2.1 1986, oo 2.9
1.9 1987 e 2.9
1.8

TOTAL PUMPAGE

The estimated total pumpage from deep wells in the El Paso-Ciudad
Juarez area amounted to 15.4 million gallons a day in 1935 ard 16.7
million gallons a day in 1937. Of the amount pumped in 1¢35 7.4
million gallons a day were pumped by the El Paso water department,
2.9 by the Ciudad Juarez water department, 3.6 from private w-lls for
industrial purposes, 1.3 at Fort Bliss, and 0.2 from miscellaneous
private and ranch wells.

The average daily pumpage from all wells in the area for each year is
shown in graphic form in figure 7 and is also given in the table following,.

Estimaled average daily pumpage from all deep wells in the El Paso-Juarez area,
1906-41, in million gallons a day

Year Quantity Year Quantity Year Quantity
1.2' 7.4 14.9
1.4 7.4 14.1
1.6 9.0 13.1
1.6 9.6 13.0
1.9 9.2 13.6
2.2 9.0 15.4
3.4 9.3 15.7
3.9 10.0 16.7
4.1 10.2 16.2
4.7 12.6 16.8
5.9 12.6 18.4
7.3 12.6 19.6

For the past 30 years, with few exceptions, the average daily puanage
has increased about half a million gallons each year.

GROUND-WATER LEVELS AND THEIR
SIGNIFICANCE

During the course of the investigation measurements of de~th to
water level were made on all deep wells that could be measured. These
measurements are given on pages 107-115 and 122-147. Intheinimedi-
ate vicinity of El Paso the altitudes of the measuring points of .. ~ wells
that could be measured were determined, From these data t. e alti-
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tude of the water level in each well was computed, and a map wes pre-
pared showing by contours the elevation of the ground water and the
conformation of the ground-water surface. (See pl. 2.)

Measurements of water levels in the shallow wells bored in the El
Paso Valley by Works Progress Administration labor were also made,
the altitudes of the measuring points of the test wells were determined,
and a map was prepared showing the altitude and conformation of the.
water table in that area. (See pl. 14.) Measurements of the depths
to water in a number of selected wells in and near El Paso were made
at monthly intervals, and the results of these measurements appear at
the back of this report in the table of water-level measurements in
observation wells. The fluctuations in several of the wells are shown
graphically on pl. 12. Water-stage recorders were maintained on
tlzeveral wells to obtain a continuous record of fluctuations of the water
evel.

As will be shown in the succeeding pages, these data are highly
significant with regard to the occurrence of ground water in the area.
They show the direction of movement of the ground water, the areas of
probable discharge and recharge to the ground-water reservoirs, the
effect of pumping on the reservoir, and, ‘when studied with reference to
pumping data, the safe yield of the ground-water reservoir. They
show also that in the valley the shallow beds yielding highly mineralized
water are separated from the deeper fresh-water-bearing beds by rather
effective barriers to ground-water movement, but that the mineralized
water is free to migrate laterally into the fresh water-bearing beds
beneath the rim of the mesa, and it is possible that by folloving a
circuitous path it may eventually contaminate the fresh water-bzaring
beds in the valley.

' WATER LEVELS IN 1936

The contour map of the ground-water surface is based on me~sure-
ments of the depth to water in all the deeper wells that could be meas-
ured in 1936. (See pl. 2.) The measurements in the wells on the
Mesa some distance from the city were made at different times during
the course of the investigation. The fluctuation of the water level in
these wells from time to time is small. The measurements in wells near
the city were made from June 10 to 14, 1936. In general, the water
level in heavily pumped areas in El Paso was considerably lower in
July than it was in June 1936 and a map based on these figures would
have shown the water surface at nearly its low point for the year. The
. pumpage was shifted among city wells during the time the me~sure-
ments were taken and since the water levels probably were chenging
rather rapidly, they have little value for map purposes, and the June
measurements were used in preference because no shifting of pumpage
had occurred for several days before they were taken. No wate+ level
determinations were made on the Mexican side of the Rio Grand- dur-
ing June 1936, but contours have been extentled into that area based
upon measurements made in December 1935. .

The altitudes of the measuring points of the wells in and near the
city were determined by spirit leveling and are referred to the United
States Coast and Geodetic Survey datum. The altitudes of the meas-
uring points of the wells some distance from the city were deter-uined
chiefly by altimeter, although some of the more distant wells clnse to
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permanent bench marks, the altitudes of which were kvown, were run
in by spirit level.

The map shows that the surface of the ground water slopes eastward
from the Franklin and the Organ Mountains and apparently slopes
northeastward from the Sierra del Paso del Norte for a distance of
several miles. In the United States the slope changes a few miles
from the mountains to a southerly direction and it continues south at
the rate of about 3 feet to the mile in the eastern part of the bolson
until near the El Paso Valley, where it tends to parallel the valley. On
the west side of the bolson there are two depressions, one centering in
and near the mesa well field (wells 71-75 and 77-79) and the other
centering in wells 49 and 50 in the Montana well field. The cone cen-
tering in the Mesa field is nearly circular, extends about 8 mile« east
and northeast of the Mesa field, and is about 45 feet deep (altitude at
bottom, 3,655 feet above sea level). The one centering in the Montana
field is elongated toward the wells at the refineries (wells 55, etc.) and
is also about 45 feet deep.

Since water moves at right angles to its hydraulic gradient, the con-
tours indicate that water enters the ground-water reservoirs along the
east side of the Franklin and Organ Mountains, moves eastward and
then southward toward the El Paso Valley. Some of it is diverted into
the depressions and is discharged through wells, but some of it moves on
past these depressions and eventually is discharged as small séeps or by
transpiration of plants along the valley. Water probably also moves
northeastward from the flanks of the Sierra del Paso del Norte and the

.Sierra del Presidio, part of it seeping out or being transpired along the

El Paso Valley and part of it being discharged by wells.

PUMPING TEST

In December 1935 a pumping test in the vicinity of the Mera well
field was made to determine the permeability by the Thiem pumping
method,®! and on December 16, 1935, the water levels were measured in
five wells in that field. Well 78 (El Paso well 11) wgs pumped at a
uniform rate, and the water levels were determined in the observation
wells at intervals during the test. Well 112 (old Mesa well 32) is
1,330 feet west of the pumped well; well 114 (old Mesa well 34) is
1,008 feet west; well 120 (old Mesa well 40) is 474 feet west; woll 119
(old Mesa well 39) is 150 feet west; and well 77 (El Paso well 12) is
2,332 feet east. The pump in well 78 was started at 10 a.m., December
16, and was operated continuously at a rate of 2,200,000 gallons a day,
or 1,530 gallons a minute, until December 25. On the first day the
water levels were measured in the observation wells, at 10- to 20-minute
intervals for several hours and at about 30-minute intervals for the rest
of the day.

On succeeding days the water levels were measured one or more
times each day until December 25. The measurements are listec in the
table of depth to water measurements at the back of this report. The
draw-down in well 77 was 1.2 feet in 7 hours. The value of the test was
considerably decreased by the fact that lack of adequate storage facili-
ties at Fort Bliss made it necessary to start pumping well 75 (Fort Bliss

9 Wenzel, L, K., The Thiem method for determining permeability of water-bearing materivls and its

1\?plm:stltm to the determination of specific yield, results of mveshgatxons in the Platte River Valley.
ebr.: U. 8. Geol. Survey Water-Supply Paper 679-A, pp. 53-57, 19;
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\ ‘ well 5), 1.25 miles southwest of well 77, on the seventh hour of the test.
- Well 75 was pumped at the rate of 1.6 million gallons a day. The com-
bined pumpage of well 78 and well 75 lowered the water level in well
77, 5.08 feet, in 17114 hours. From these data the average coefficient
of permeability of the saturated portion of the formation was computed
to be about 200—that is, about 200 gallons of water a day will flow
through a cross section 1 foot high and 1 mile long under a gradient of

1 foot to the mile.

FLUCTUATION OF WATER LEVEL FROM DECEMBER 1935
TO JUNE 1936

Plate 13 shows the difference in the water levels as determined
December 10 to 13, 1935, and June 10 to 14, 1936. In December the
pumpage had decreased nearly to a minimum for the year. The Mesa
well field had not been pumped for 14 days, the eity being supplied about
3.5 million gallons of water a day from wells 49 and 50 in the Montana
well field. In June the demand was nearly at its peak, nearly all private
wells, all three wells in the Mesa well field, wells 49 and 50 in the
Montana field, and wells 31 and 42 belonging to the city in the down-
town area were being pumped. The shape of the area of influence
around the Montana field was about the same in June as it was in
December, but the water levels were about 5 feet lower. In the area
within the city, west of the Montana field, the water levels were also
about 5 feet lower. The area of influence of the Mesa well field snd the
Fort Bliss wells extended about 3 miles farther to the north and north-
east and nearly as far south as the area affected by the Montan= field.
The water levels were about 25 feet lower in the vicinity of heav:r with-
drawal on the Mesa than in December 1935. The pumpage from all
wells in the Mesa well field, the Fort Bliss wells, and other small wells
nearby was about 714 million gallons a day when the June measure-
ments were made.

RECORDS OF WATER-STAGE RECORDERS

Water-stage recorders provide valuable information regarding the
fluctuations of the water level in response to pumpage or gossible
recharge. Wells on which recorders are installed should be at least
8 inches in diameter to allow for free movement of the float; they should
be properly situated with respect to other wells, and they must not have
pumping equipment in them. A water-stage recorder was instelled in
well 37, at the Southern Pacific shops on Piedras Street, on September
10, 1935. This well was reported to have several strings of overlapping
casing, which was slotted only from a depth of 854 to 884 feet. The
static water level in this well was more than 10 feet higher than that in
other deep wells in the area and was comparable with the water level
in nearby shallow wells. Well 37 was filled to the brim when a water
main in the yard broke on November 24, 1935, and the water remained
at the surface until January 11, 1936, when the recorder was removed.
Therefore it is evident that the well was partly obstructed. Neverthe-
less there were significant fluctuations of the water level prior tn that
time. The water rose steadily from September 10 until about 11 p.m.
on September 13, when the rate of rise decreased. At about 5 a.m.,
September 14, the level began to decline and the decline continued until

H

\
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6 p.m. on September 15 after which it became less rapid and by noon
on September 17 it had ceased entirely. From that time until Novem-
ber 24 the water level rose steadily. The records of the water depart-
ment show that well 22 (city well 6) was pumped from September 13
to 21, well 42 (city well 9) was pumped on September 13, 14, end 15,
and well 31 (city well 7) was pumped September 9 to 22 and C »tober
15 to 25. It appears from these data that the water level in well 37
declined as a result of the pumping of well 42—at this particuler time
about 0.7 foot with 3 days pumping—but that it was not noticeably
affected by pumping of the other city wells.

The deep-well pump was removed from well 41 (city well 5) and a
water-stage recorder installed on March 3, 1936. The altitude of the
floor of the pump house is 3,779.74 feet and the altitude of the water level
was 3,669.93 feet above sea level when the recorder was installed.
From March 11 the water level rose steadily, except for the daily fuctua-
tions of less than 0.1 foot that occurred throughout the entire period of
record, reaching an altitude of 3,671.27 feet at 5 a.m. on April 1. At
that time it began to decline, reaching an altitude of about 3,670.5 feet
by April 10 and remaining there until April 29. The water lev:l then
‘began to decline more rapidly, reaching 3,668 feet by May 9,3,665.12
feet on June 16, and 3,663.75 feet on July 3. From then .until the
morning of July 11 the water level rose to about 3,663.91 feet; by July 14
it had reached 3,666.77 feet, and on the afternoon of July 26 it was
3,668.84 feet. The level had declined to 3,667.34 feet by August 2 and
had risen to 3,672.75 on September 14. It declined again to 3,671.94 on
September 19 and continued at about that level until September 27
when it began to rise abruptly, reaching 3,675.07 feet on October 5.
It declined to 3,673.09 feet above sea level on-October 14 and remained
there until October 21, when it started to decline again. On October
23 it was at 3,671.78 feet.

Pumpage from wells in the Montana field for 1936, in thousand gallonse

Month Well 50 Well 49 Well 52 Total
JAMUATY e e e e e 53 ,27;2 55,750
February oo e 49,538 49,200
March..._.

April

The major fluctuations in the water level in well 41 are doubtless due
to the combined effect of the pumpage of all the wells in the vicinity,
but as the pumpage in the Montana-field is much larger than that in
any other nearby area, it would be reasonable to suppose that the
pumpage in this field would exert a greater influence on the water levels.
Unfortunately, the data relative to the periods when the various wells
were pumped are not complete, but a few pertinent data are available.
The preceding table gives the pumpage from each of the wells of the
Montana field. Wells 49 and 50 (city wells 4 and 1) are 1,000 feet
apart, and well 52 (city well 3) is 0.7 mile farther east.
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From March until July the pumpage in the Montana field was nearly
constant and was all taken from two wells that were nearly the same
distance from well 41. The pumpage in the remaining wells in the
vicinity was increasing, however, and reached a maximum in June.
On July 3 the water level in well 41 reached its minimum and started
gradually to rise. At 7 p.m. on July 10 the wells in the Montana field
were shut down and at 3 a.m. July 11, the water level in well 41, which
had risen 0.16 foot in 8 days, began to rise more rapidly. Tl= wells
in the Montana field were pumped again at 9 a.m. July 13, and at
8 a.m. on July 14 the water level in well 41 was 2.86 feet higher than
it had been 3 days earlier, but at this time the rate of rise decreased,
and during the next 12 days a rise of only 2.07 feet was recorded. An
interesting feature of these data is the length of time that elapsed
between the change in the pumping in the Montana field and the change
in water levels in well 41 only 114 miles distant. Precise information
as to the pumping for the remainder of the year is not available. How-
ever, the above conclusion that the rate of pumping in the Montana
field affects the water level in well 41 is indicated by the pumping record
from the wells. In spite of the cessation of pumping for 3 days in July
the total pumpage reached a maximum during that month, and by
August 2 a slight decline had oceurred in well 41. In the suc-eeding
months both the pumpage and the water level were somewhat variable,
but the general water level was higher than previously. During this
period about half of the water pumped from the field was from the most
distant well, which would affect the water level less than closer pump-
age, and the combined monthly pumpage from the two closer wells was
less than half of the combined monthly pumpage from these two wells
during the first 6 months of the year. It seems probable, therefore, that
if further records were available a closer relationship could be established.

A water-stage recorder was maintained on well 52 (city well 3) from
September 11, 1935, to April 28, 1936, and from June 12 to 24, 1936.
From September to April the well below a depth of 375 feet wns filled
with sand, and the record obtained showed the fluctuation of the water
table in that vicinity. Shallow water had access to the well through a
hole in the casing. The altitude of the floor of the pump house is
3,783.20, and the depth to water fluctuated between 98.9 and 9¢.3 feet,
making the altitude of the shallow water table 3,684.3 to 3,687.9 feet.
The charts show a regular daily fluctuation of the water surface amount-
ing to 0.04 to 0.08 foot, the low stages occurring about 10 a.m. and the
high stages about 4 p.m. Local pumpage is suggested as the cause
of the daily fluctuation, but no evidence is available to support such a
suggestion. The recorder was installed for a short time in June after
the well had been cleaned out to its original depth. The depth to
water then was about 118.9 feet, but the daily fluctuations were similar

-and of about the same magnitude as in the shallow-water horizcn.  On
June 18, when wells 49 and 50 were shut off for about 10 hours, the
water level in well 52 rose 1.8 feet. On June 22 well 51 (city well 2)
was pumped! at the rate of 1.0 million gallons per day for 4 hows.and
the water level in well 52 fell 1.4 feet.

A water-stage recorder was installed in well 51 on June 24. 1936.
The same daily fluctuations were found on these charts as were present
on the recorder charts from well 52. On July 10, wells 49, 50, and 52,
pumping a total of about 5 million gallons a day, were shut down, and
the water level in well 51 rose from an altitude of 3,651.57 feet at 7 p.m.,
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July 10, to 3,667.29 feet at 9 a.m., July 13, and would doubtless have
risen much higher if the pumps had not been started at that time.
Other abrupt changes in the water level during the remainder of the
year have been registered each time the pumping of a well in tl . field
began or ceased. ‘

ORIGINAL GROUND-WATER LEVELS AND THEIR RELA-
« TION TO WATER LEVELS IN 1936

Few data are available on the original water levels in deep water-
bearing beds in the El Paso area. ‘Slichter®? discussed the depth, water
levels, and other data of a number of wells in the El Pago Valley and
on the Mesa. Most of these wells have been destroyed, and their
exact locations are not known. However, the location of some of the
wells is known, and the approximate altitude of the original water level .
in these wells can be determined and compared with the present water
levels in wells at or near their sites. Slichter used a depth to the water
level of 179 feet at the International Water Co. plant (old Mesa plant)
in drawing a section showing the water table as of August 30, 1904.
Meinzer,® in writing about the wells in the Mesa well field in his report
on the Tularosa Basin in 1911, stated, “It appears that in 1905, when
the first wells were sunk, the water level was about 177 feet below the
surface, but it now (1911) stands about 193 feet below the surface in
the new wells before they are pumped.” By .1911, however, about
15,000 acre-feet of water had been pumped from the wells in the Mesg,
well field and about 2,500 acre-feet from other wells near the field;
probably a substantial cone of depression had been developed. The
water level in well 83 was reported to have been 177 feet below the land
surface, probably in 1904.*¢ The altitude of this well is about 3,871
feet; therefore, the altitude of the water surface in 1904 was about
3,694 feet. Some draw-down Had doubtless occurred by 19C4. In
well 80,% pear the intersection of Wilson Road and.the Southern Pacific
Railroad, the water level was reported to have been 190 feet below the
land surface in 1901. As the altitude of the ground at this point is
about 3,886 feet; that of the water surface was, therefore, about 3,696
feet. In well 81,% about half a mile northeast of well 80, the water
level was reported to have been 169 feet below the surface ir 1901.
The altitude of the ground at this point is about 3,876 feet, tlus the
altitude of the water surface was about 3,707 feet. The exact altitude
of the measuring points on these wells is not known, but evidently it
would not be far wrong to say that the original water level at the Mesa
plant was about 3,700 feet above sea level, or about 170 feet below the
surface of the land. The wells on the Mesa that are outside of tl = cone’
of influence of the wells near El Paso have been pumped chiefly for
watering stock. The water levels in them have shown very little
fluctuation during the period in which they have been measursd. It
seems reasonable, therefore, to assume that they have not changed
much in the past. If the contours are extended from the areas where

92 Slichter, C. 8., Observations -on the ground waters of Rio Grande Valley: U. S. Gsol. Survey
Water-ﬁ!uppiy Pa%er 141, p. 16, 1905. ’

9 Meinzer, O. E., Geology and water resources of Tularosa Basin, N. Mex.: U. 8. Geol. Survey
Water—Supgly Paﬁner 343, p. 117, 1915.

% Record supplied by F. H. Todd.

9 Slichter, op. eit., p. 78. i

9¢ Slichter, op. eit., p. 78.
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there has been little change across the areas where heavy pumping has
modified the water table, the extended lines should approximete the
early water surface. The map (pl. 2) shows that if the 3,700-foot water-
table contour were extended in a straight line from the eastern part
of the bolson westward toward the foot of the Franklin Mounteins, as
it may have been before the pumpage occurred, it would pass through
the old Mesa well field and cross the Southern Pacific Railroad near
Wilson Road. Thus, the original depth to the water level at the Mesa
plant would appear-to have been about 170 feet below the land surface
before pumping began. The present water level is, therefore, about
45 feet lower than the original level in the vicinity of the Mesa we'l field.

Although there were wells on the Mesa near Fort Bliss as early as
1901, not much water was pumped from that area until after the devel-
opment of the old Mesa well field was begun in 1904. During the
period from 1904 to 1917 the pumpage in this field increased to an aver-
age of 6.4 million gallons a day, and the water level probably declined
progressively. After 1917 the pumpage gradually decreased tc prac-
tically nothing by 1926, and the water level rose again. Wells 79, 78,
and 77 (city wells 8, 11, and 12) have been drilled in the Mesa well field
since 1928, but little water was pumped from them until 1935, when the
average pumpage amounted to 2.0 million gallons a day. Pumpage at
Fort Bliss has been increasing since the first wells were drilled, about
1900, to an average of 1.3 million gallons a day during 1935.

On December 16, 1935, the static water level in well 112 (ol¢ Mesa
field No. 32) was 193.2 feet below the land surface when all three of the
pumped wells in the Mesa well field had been shut down for 14 days.
If the altitude of the ground at the shaft between wells 89 and 95 (old
Mesa. field Nos. 9 and 15) referred to in Meinzer’s®’ report is about the
same as at well 112, the water level in December 1935 was about 4 feet
higher than that reported by Meinzer about 1912. However, in that
year the wells had been shut down only 19 hours when the measurement
was made, so it is probable that the water level would have riser a few
feet more at that time if the wells had been allowed to stand idle for as
long as they had before the measurement in 1935 was made. When
pumping was resumed following the rest period in December 1935 the
water level declined.

As explained on p. 61, the cone of depression formed by the pumping
in and near the Mesa well field from 1904 to 1936 was about 45 feet
deep and extended toward the east and northeast for a distance of about
8 miles. The volume of material in this cone of depression is calcnlated
to be about 125,000 acre-feet. The specific yield of the sands thet were
tested from test wells 64, 76, and 136 was about 35 percent. The
bedded material below the water table is about half sand and about
half clay. For practical purposes the clay may be assumed to have a
specific yield of zero percent and the average specific yield of the section
below the water table is therefore about 17 percent. Thus, the m~ferial
in the cone of depression would yield from storage during the formation
of the cone about 22,000 acre-feet of water. However, the amount of
water pumped during the formation of the cone of depression from the
beginning of the pumping to June 1936 is estimated to have been about
90,000 acre-feet, and, therefore, only about ene-fourth of the water
pumped was taken from storage. The remainder must have come from

~

¥ Meinzer, op. cit., p. 117.
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recharge. During the same period about 210,000 acre-feet of water was
pumped from the cone of depression in the El Paso Valley in and near
El Paso. The volume of this cone can not be determined becaus~ water
in the valley is under artesian conditions.

WATER LEVELS IN SHALLOW WELLS IN EL PASO VALLEY

The comparatively shallow water-bearing beds, which contain moder-
ately to highly mineralized water in the valley both in the city and for
several miles below it, are apparently more or less completely senarated
by impervious beds from the deeper beds that contain fresh water, since
the water level is higher in the shallow beds than in the deeper beds.
However, these shallow water-bearing beds occur at about tke same
level as the upper fresh water-bearing beds of the Mesa, and under
proper conditions highly mineralized water could move from the beds in
the valley into the beds beneath the Mesa. To determine the relation
between the shallow atd the deeper water, about 250 shallow we'ls were
dug with hand augers in the valley from Cotton Avenue eastvard to
below the city limits. This work was carried on as Project 1669 of the
Works Progress Administration under the supervision of Rol~rt H.
Colvin. Test holes were sunk north of the river within the area where
the water table was generally 25 feet or less beneath the surface, and
samples were obtained of the material penetrated and of the water.
Water levels were measured, and levels were run to nearly all the test
holes. (See pp. 148-155.) Data were also furnished by the city
engineer’s office on shallow wells dug for the same purpose many years
earlier in the area west of Cotton Avenue. A round of measurements of
depths to water was made April 27 to 29, 1936, and these water levels
were used to compile a map showing the altitude and configuretion of
the water table. (See pl. 14.) This map shows that throughout most
of the area the hydraulic gradient is away from the river and that in the
area west of Hammett Avenue it is much steeper than in the ares. down- .

stream. Therefore water is seeping from the river throughout the
stretch mapped, and probably the seepage is much greater in the stretch
from Hammett Avenue westward. The high water table nesx wells
90 and 99 on Franklin Canal east of Valverde Avenue suggests that
water seeps from the canal, notably near the northwest point of Cordova
Island, near the crossing of United States Highway 80, and east of the
city limits between- Glenwood Drive and First Avenue. The water in
the marsh on the east side of Highway 80, just south of Ascarate, prob-
ably also seeps from the canal.

The data obtained from the test wells indicated that water seeping
from the river and canal was moving in a general northeasterly di-ection. ~
A part of it may be intercepted by a shallow well at Pasotex Refinery,
which yields considerable water at times, and a part by a few scattered
shallow wells between Cotton Avenue and Ascarate, but as the total
pumpage from these wells is small, the shallow water may move beyond
them and contaminate the upper wa,ter-bemng beds beneath the Mesa.
Evidence that there has been some contamination of the beds I-~neath
the edge of the Mesa is seen in the analyses of water samples from wells
67 and 68 owned by the Southern Pacific Co., from well 65 at. the
American Airways station, and well 77 at Fort Bliss. (See table of
water analyses, p. 118.) During the summer of 1936 the altitud= of the
water level in the wells of the Southern Pacific Co. was about 3,646 feet,
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and the altitude of the shallow water in the Montana well field was
about 3,685 feet, a hydraulic gradient of 19 feet in a distance of cbout a
mile. The data are illustrated in figure 8.

In the Montana well field beds that contain highly mineralized water
oceur overlying, interbedded with, and underlying the beds containing
fresh water. As these highly mineralized waters are cased off in most
wells there is little draft on them, and the water levels remain the same.
In the fresh water-bearing beds, however, the water levels decline as a
result of pumping; hence, if corrosion or faulty well construction leaves
an opening in the casing that will permit the highly mineralized water
to enter the well, it will do so freely because it has a higher stat'~ head
than the fresh water, and it may even enter the freésh-water sands
through the well. Furthermore, where the formation dividing the
two types of water is thin, or not continuous, heavy pumping may cause
the formations to collapse, and water may pass directly from one bed to
the other when the pressure is greater in the bed containing salt water.
For several years water levels in the Montana whll field have been too
low for safety. In this field city well 1 was placed in service in 1918,
well 3 in 1922, well 2 in 1923, and well 4in 1924. Records of the water
department show that 80,500 acre-feet of water had been pumped from
these four wells by the end of 1935. During the 10-year period ending
with the summer of 1934, 43 percent of all the water pumped in the El
Paso-Ciudad Juarez area was pumped from these wells. Severty-five
percent of all the water pumped by the city water department during
the same period was taken from the Montana well field, 21 percent of
which came from well 52 (city well 3). The chloride content of the
water pumped from these wells was gradually increasing, and in 1934
the chloride content of well 52 increased suddenly to 400 parts per mil-
lion. The exploration and repair of this well is discussed or pages
81-83. The increase in chloride was found to be due to corrosion of the
casing, but the danger of contamination of the fresh-water beds by salt
water, because of large differences in water level, should be guarded
against by substantially reducing the pumpage from this field. ’

RECHARGE TO THE WATER-BEARING
. FORMATIONS ‘

GENERAL FEATURES

Water that falls on an area or crosses it in surface streams or canals
flows from the area as surface runoff, is lost by evaporation, or sinks
into the ground. This report is-especially concerned with the water that
sinks into the ground. The part of the water that is held within a few
feet of the surface by molecular attraction is ealled soil moisture. ‘1t is
subject to losses by evaporation and the transpiration of plants. Part
of the water may percolate downward under the pull of gravity to the
water table, which is the upper surface of the saturated part of the
formation, and there it becomes subjeet to withdrawal by springs, seeps,
and wells. The water that reaches the water table is called ground-
water recharge, and the area in which such recharge occurs is known as
the intake area. ' It is usually the outcrop area of the formation, but
where a formation is composed of alternating and irregular beds of sand,
gravel, and clay, the intake area may be restricted to those parts of the
outcrop area beneath which impermeable beds are absent or discon-
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tinuous. The intake area and all the other areas that contribute sur-
face water to it are called the catchment area. Thus, the intake area
may be only a narrow belt; but the catchment area includes the entire
drainage area that dlscharges across this belt.

The amount of water that may be pumped from a ground-water
reservoir is limited by the amount of water that is in storage end the
amount of recharge to the reservoir.

-If ground water is taken largely from storage the supply will be
depleted, and water levels in the reservoir will decline until it will be no
longer economically feasible to lift the water to the surface, or until the
formation in the vicinity of the wells has been pumped dry. This
depletion mlght occur rather ra,pldlv in a small reservoir but would
occur slowly in a large reservoir, and many years of pumping might be
required to lower the water levels in the well fields to a point where
further pumpage would not be economically feasible. On the other
hand, if the withdrawal in the pumped area is approximately eaual to
the recha.rge the water levels in the ground-water reservoir will decline,
rather rapldly at first and then more slowly, until ﬁna.lly they will
remain nearly constant. In the meantime, water levels in the sur-
rounding area will decline, but to a less extent, thus establiching a
gradient of the ground-water surface toward the pumped area. If this
condition were stable it would be said that the reservoir wae being
pumped at its safe yield. Aectually the pumpage and the recharge are
never maintained at a constant rate; consequently there are always
minor fluctuations in water levels. ;

The ideal procedure in determining the safe yield of an underrround
reservoir would be to map the intake area and make observations to
determine the percentage of the total precipitation that enters the
ground, passes through the belt of soil moisture, and moves dovnward
to the underground reservoir. From these data and the precipitation
records the average total annual recharge could be estimated. The
figure thus reached could then be checked by a careful analysis of the
records of pumpage from the reservoir and fluctuations in the water
levels in wells. In practice, however, many factors beyond the control
of the investigators render such a complete program impossible and it
is usually necessary to base the estimates of safe yield on the effect of a
known amount of pumping on the water levels during a period of years.

The contour map (pl. 1) indicates that the chief recharge ares of the
El Paso reservoir of fresh ground water is on the coalescing alluv*al fans
and in the gravel-floored canyons at the heads of the fans along the east
side of the Franklin Range and the Organ Range, in the United- States.
Recharge also occurs in similar areas along the northeast side of the
Sierra del Paso del Norte and the Sierra del Presidio. Some water may
enter the area from La Mesa through the pass between Cerro de Muleros
and Sierra del Paso del Norte, and some probably enters the area from
the south from the Valley of Samalayuca through the water-hearing
beds in the pass between Sierra del Paso del! Norte and Sievra del
Presidio, although the amount of water entering the area by underflow
from othet basins is believed to be rather small. There is considerable
recharge to the shallow water-bearing beds of the Rio Grande Valley
from the Rio Grande and from the canal system and irrigation ditches
in the valley. This water is moderately to highly mineralized and is
more or less completely separated from the deeper beds of the valley,
which yield water of better quality by impermeable beds, 'although it is
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believed that there is a direct connection laterally between the shallow
beds of the valley and the upper water-bearing beds of the Mera.

RECHARGE TO FRESH WATER-BEARING BEDS

At first glance the Hueco bolson appears excellent for recharxe—its
large sandy areas are flat and have no well-defined drainage except near
the margins of the Rio Grande Valley. Part of the water that falls on
the bolson is lost by evaporation or transpiration, and part percolates
downward, but detailed study shows that very little of this water reaches
the water table as recharge. Underlying the entire area, with the
exception of the depressions, is a bed of caliche from 1 to 4 feet thick,
which appears to prevent almost entirely the ready downward move-
ment of water. This is indicated by the root pattern of the mesquite
and other desert vegetation, which radiates in all directions from the
plant. The roots of the mesquite, in particular, extend 40 feet cr more
along the top of the caliche, but only here and there do they penetrate
it. This widely extended root pattern suggests that water is more
readily available to the plants on the top of the caliche than beneath it.
A considerable number of holes and trenches were dug in different parts
of the bolson under an allocation of funds by the Works P-ogress
Administration under the supervision of J. F. Heuser, in order to study
conditions affecting the penetration of moisture into the soil and subsoil
of the valley floor. Logs of the holes were kept, and samples of the
material obtained at various depths were tested for moisture content.
Records of 35 of these holes are given on pages 159-164. These data
show that in most places the water content was less beneath the caliche
than above it; however, in a few of the test holes and trenches that were
put down, chiefly in depressions where the caliche was absent or highly
fractured, varying moisture contents were found, suggesting that some
recharge may occur in those areas. In some places there are pipelike
openings in the caliche through which some water may percolate down-
ward into the deeper beds; in general, however, the recharge in the
sandy areas probably is small, and the rain that falls on the floor of the
bolson is either evaporated or transpired.

In the area near the Hueco Mountains wells are so few that the evi-
dence of ground-water movement and recharge is not conclusive; how-
ever, the ground-water contours are nearly normal to the menntain
front, indicating that the recharge from the Huecos is small in compari-
son with the recharge on the west side of the Hueco bolson.

In the area south of Ciudad Juarez, in Mexico, there is only ore well,
No. 18A. The water level in this well is about 150 feet higher than that
in the city. There is thus a gradient toward the north that may cause
the ground water to move in that direction. Farther south, in the
Valley of Samalayuca, the water issues at the surface in several springs,
and in the railroad well at Samalayuca the water level is about 590 feet
above that in Ciudad Juarez. These facts may indicate that there is
underflow through the pass between the Sierra del Paso del Norte and
the Sierra del Presidio of ground water from the Valley of Samalayuca. -
There is probably also a considerable amount of recharge from the
northeast slope of the Sierra del Paso del Norte and the Sierra del
Presidio, where there are relatively large areas of gravel that woul1 form
excellent recharge areas. The fact that the water level in Ciudad Juarez
is higher than it is in El Paso indicates that some recharge occurs south-
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west of the former city. No attempt was made to deterrrine the
amount of recharge on these alluvial slopes, but it seems probable that
it is considerably less than that on the east side of the Franl-lin and
Organ Mountains.

Slichter?® has shown that the maximum thickness of the seliments
in the gorge above El Pago is 86 feet. He concluded that the urderflow
through these beds amounted to not more than 50 gallons a minute.
The thickness of the sands and gravels in the area between the river and
the Sierra del Paso del Norte is not known; however, the Cerro de
Muleros lies on the south side of the river, and the Cretaceous seliments
on the south side of Cerro de Muleros dip southward toward the Sierra
del Paso del Norte, about 3 miles distant, at such a low angle that the
thickness of the unconsolidated deposits below the water table probably
is not great enough to permit any large amount of ground water to enter
the Hueco bolson in this area, although some water may enter from
La Mesa.

In general, the slope of the water table beneath the Hueco bolson is
from the northwest to the southeast. (See pl. 2.) Loecally, of course,
the slope of the water table is modified by pumpage as in the vicinity of
El Paso. Since ground water moves in. the direction of the hydraulic
gradient, it is evident that the main recharge in Texas and New Mexico
comes from the east side of the Franklin and Organ Ranges.

There is abundant opportunity for recharge in this area. Plate 2
shows the area of gravel (the recharge area) along the east side of the
mountains as mapped in the field by reconnaissance. The western
margin of the gravel is easily mapped because there is an abrupt change
from gravel to rock. The eastern margin, however, is gradatioral from
gravel to sand to clay and is therefore less easily mapped. T™e total
area of the gravel was determined to be about 71 square miles, but the
area in which rain falling on the surface must drain over the gravel
(the catchment area) is 127 square miles. Actual measurements of the
proportion of the rainfall that ran off, sank into the ground, or was lost
by evaporation were not possible, partly because the rains occurred as
thunder storms, and it was difficult to reach the area of precipitation in
time to make observations on the runoff, and partly because the terrain
and nature of the runoff was such that seepage measurements vrere not
practicable. Also, during the period of the investigation the precipita-
tion was considerably less than normal although such observations as
were made, however, were significant. The gravels were so permeable
that light rains were completely absorbed and no runoff occurred.
Heavy rains, on the other hand, caused rapid runoff, forming torrents
that flowed from the canyons down the alluvial slopes, losmg water along
the way and finally running into one of the slight depressions situated
2 or 3 miles from the mountains. Near the south end of the Franklin
Mountains a large number of small reservoirs have been formed by the
construction of a series of dams in each of the canyons. There dams
held all of the water flowing from the mountains during the course of the
investigation, but the runoff from the alluvial slopes below the dems was
sufficient, in several cases, to move great quantities of gravel ranging
upward to boulders 6 inches or more in diameter, and to deposit them in
the city streets, in yards, and on lawns. Most of the runoff from this

98 8lichter, C. 8., Observations on the ground waters of Rio Grande Valley: U. 8. Geol. Survey
Water-Supply Paper 141, pp. 9-13, 1905.
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part of the area is carried to the Rio Grande, through the draw beading
near Fort Bliss. ,

The dams in the canyons form effective recharge reservoirs. The
high-water mark of the lowermost reservoir in McKilligan Canyon
(pl. 15) indicates that about 4 feet of water collected in the reservoir
during the storm of the afternoon and evening of July 10, during which
0.35 inch of rainfall was reported in El Paso, but the rain is believed to
have been heavier in the mountains north of the city, all of thir water
being lost into the gravels in less. than 12 hours. The other dams in
MecKilligan Canyon and the canyons south of it acted in the same way.
On July 30 the Weather Bureau in El Paso reported a rainfall of 0.22
inch. This rainfall is also believed to have been somewhat heavier in
the mountains north of the city. One stream north of the Baptist
Sanatorium, at the point of its emergence from the canyon, had a flow
of less than 10 second-feet. About one-third of the discharre was
lost by seepage in the quarter of a mile below the mouth of the canyon.
Similar losses doubtless occur on all of the streams along the east'
sides of the Franklin and Organ Ranges. The water that erosses the
gravel flows into the depressions and forms temporary lakes, except
in the southern part of the area, and these lakes, with one or two excep-
tions, dry up in a short time, so that all of the water falling in the
area eéther evaporates, is transpired by the plants, or sinks into the
ground. |

Because a large part of the total annual rainfall occurs in the summer -
when the surfaces of rocks and gravel are quite hot, a great deal of water
is lost by evaporation. Presumably, in the gravel areas, after surface
evaporation is satisfied, the principal part of the water entering the
gravel sinks downward to the water table, but certain amounts are
held by molecular attraction and lost by transpiration. Of the water
that crosses the gravel areas and flows into temporary lakes only a
small part may reach the water table, because the floors of these lakes
are usually clayey, and evidence that considerable transpiration takes
place from them is given by the fact that the vegetation on them is
heavier than that in most other parts of the Hueco bolson. No direct
evidence of the amount of water reaching the water table is available.

1t is assumed that 25 percent of the water that falls in the catchment
ares in and near the Franklin and the Organ Mountains abcve the
lower limit of the gravel becomes recharge. The total area is 127
square miles, and the average rainfall, as reported by the Weather
Bureau at El Paso for the period of 51 years prior to 1931, is 9.16 inches.
The annual recharge would be approximately 15,000 acre-feet pe- year,
or about 13,000,000 gallons a day. If it is assumed that recharge is
now occurring at the average rate, two-thirds of the averag: daily
pumpage of 15,000,000 gallons, or 10,000,000 gallons is supplied by
recharge to wells near El Paso.

1t is probable that there are years or even periods of several years in
which almost no recharge occurs. On the other hand, much move than
the average recharge may ocecur in a single year when precipitation is
above normal. Many factors, such as the intensity of the rain, the
condition of the soil and vegetation, and the frequency of the rains
affect the amount of recharge that may be expected from a single rain
of a given quantity. Thus, a larger proportion of water will enter the

* ground if the rain is slow than if it is torrential, because the permeability
« of the soil is limited and thus the rain may fall at a rate greater than the
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rate at Whlch it can be absorbed. Likewise, there will be more re"harge
if the rain follows a period of wet weather, because at such a time the
soil moisture requirements are satisfied and most of the water that enters
the ground goes downward to the water table; whereas after a long dry
period the soil is depleted of moisture, and this deficiency must be made
up before any water can move downward to the water table.

In the El Paso area, the precipjtation as reported by the United States
Weather Bureau is extremely variable. (See pp. 8, 9.) Figure 1
shows graphically the annual precipitation for the perlod from 1879 to
1937, inclusive, and the cumulative departure from normal precipita-
tion. Since 1915 the precipitation has been less than average, except |
in 1919, 1926, 1929, 1931, and 1932, when it was only slightly more than
normal. From 1911 to 1915, with the exception of 1913, the precipita-
tion was excessive; from 1907 to 1910 it was less than normal; and from
1902 to 1906 it was much above normal, as would be expected from the
fact that it followed a period of excessive precipitation. In the first -
measurement of depth to water in wells in the Mesa field, 177 feet in
1905, the level is relatively high. In 1911 the water level in that field
was reported to be 193 feet below the surface, a decline of 16 feet since
1905, which does not appear excessive in view of the volume of the
pumpage from 1905 to 1911 and of the 4 dry years, 1907 to 1910. The
next recorded measurement is in 1935, when the water level had d<clined
to 200 feet. For several years before 1935 there had been almost no
pumping from the Mesa field. Although the pumpage at Fort, Bliss
had been increasing, the total pumpage in the area was less than in 1911.
There was also a considerable cumulative deficiency in precipitation.
From the amount of pumpage preceding the measurement, therefore,
we should expect a higher level in 1935 than in 1911, but from recharge
the level should be lower. It is unfortunate that annual records of the
water levels in the Mesa field have not been kept from the time the first
well was drilled so that comparisons could be made betweén water
levels, pumpage, and precipitation, and so that the effect of periods of
heavy precipitation, such as the 1911-1916 period, could be determined
and the amount of recharge more closely estimated. However, 4 large
amount of recharge must have occurred from time to time because the
water level in the Mesa field in 1935 was only 23 feet below the level in
1905 in spite of the pumping that had occurred in the area.

RECHARGE TO MINERALIZED WATER-BEARING EEDS

. The shallow water-bearing beds of the valley receive practically all
of their recharge from the river and from the irrigation canals. No
attempt was made to determine the amount of the recharge.” As
pointed out on page 56, the El Paso Electric Co. pumped a number of
shallow- wells at a rate of 8500,000 gallons a day for several years,
during which time no dlfﬁculty was experienced in the city with hxgh
ground-water levels, but when the company stopped pumping the level
rose 8o that water stood in many basements in the business section.
The city put down a drainage well 50 feet deep, which has been pumped
* almost continuously at a rate of about 1,000 gallons a minute since 1933,

and this pumping has been fairly successful in keeping the ground water
" ®out of the basements. In addition, several of the basements have
sumps with small pumps to keep the water level below the besement
floors. The recharge to the shallow water in the section from El Paso
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to the gorge is therefore at least 1,000 gallons a minute (1,440,070 gal-
lons a day) and may be as much as 8,500,000 gallons a day.

The rectification of the Rio Grande is reported to have lowered the

bed of the stream at El Paso by several feet
<O and will probably eventually result in lower-
ing the water table in the downtown srea by
several feet.

The hydraulic gradient is sufficient to
cause the water entering the shallow beds
as seepage at the surface near El Faso to
move northward. There is some evidence
that such movement has already begun.
(See fig. 8.) The shallow water in the vicin-
ity of the Montana well field, and probably
for some distance north of it, is very highly
mineralized, containing in some places from
2,000 to 10,000 parts per million of dissolved
solids. (See table of analyses of water from
hand-dug wells pp. 156-158.) Theresi-tivity
investigations indicate that the ncrthern
boundary of this shallow salt-water area is
almost coincidental with the Mesa rim.%
The clay beds intervening between the salt-
water-bearing beds and the underlying beds
that bear fresh water may extend over large
enough areas to prohibit the direct down-
ward movement from the salt water to the
fresh water-bearing beds, but there is ap-
parently no barrier to lateral movement and
hydraulic gradient is sufficient to cause the
shallow water to move northward into the
upper fresh-water beds under the Mesa, which
lie at the same level as the salt-wate~ beds
beneath the valley. For this reasor it is
important to reduce this gradient if po-sible,
or at least to avoid increasing it, by lo~ating
any large new well fields as far north of the
valley as is practicable, by reducing the draft
on the wells near the edge of the valley, and
by pumping the shallow water for cooling and
other purposes for which water of gooc' qual-
ity is not required.

° QUANTITY OF POTABLI
GROUND WATER AVAILAT'UE
IN STORAGE

In determining the quantity of water
available from a ground-water reservo'r and
the rate at which it can be pumped, the rate
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of recharge, amount of water that is in storage, and permeability of the
water-bearing formations mugst be considered. If water is removed from
the reservoir faster than it is replenished, the water levels will decline
eventually reaching a level at which it will no longer be economical to
pump the water from wells. However, if the reservoir is large and has
considerable storage capacity, a very considerable period may elapse
before the water levels become so low thaf it is necessary to seek other
sources of supply. In addition to the problem of the amount of ground
water available, El Paso is faced with the danger of contamination of
the beds of fresh water in and near the valley by the highly mineralized
.water from certain other beds. - The solution of these probler-s is of
utmost importance to the citizens of the area.

From the foregoing it is evident that ground water is being taken
from storage at El Pago—the ground-water reservoir is being depleted.
The rate of this depletion will depend chiefly upon the rate of recharge,
and the life of the reservoir will be limited by the amount and avail-
ability of the ground water in storage. The data available are not yet
sufficient to determine these quantities accurately, but a preliminary
estimate has been made, and it is hoped that the collection of data may
continue until accurate estimates can be made.

The significance of the cone of depression in the water surface on the
Mesa in and near the Mesa field has already been discussed. If, for the
purpose of computation, it is assumed that wells were drillad and
pumped so that this cone of depression was elongated toward th~ north
a distance of 10 miles and was of a depth equivalent to that in the
existing cone, the depression would then be a trough 10 miles long, 45
feet deep at the middle, and about 8 miles wide. The volume of this
trough of depression would be about 768,000 acre-feet and if 17 percent
of this volume represents water that can be recovered by wells, the
amount of water released from storage would be about 130,000 acre-
feet, which at the rate of pumpage in 1935 would equal all of the pump-
age from deep wells in the El Paso area for a period of about 7.5 years.
More than 20 years would be required to reduce the static water level
in these wells an amount equal to the amount of decline in the Mesa well
field, if the pumping rate were 15,000,000 gallons a day, because only
about one-third of the water is taken from storage, two-thirds coming
from recharge. Of course, the amount of water that could b2 with-
drawn from storage could be greatly increased by lowering the static-
level of the pumped wells to a greater depth than that postulated, but
such a lowering would require greater pumping lifts, which would
increase the cost of pumping.

MINERAL CONTAMINATION OF WELLS

Some wells in the El Paso area yield water higher in mineral content
than normally would be expected in comparison with other we'ls near-
them. In some areas, as in the Montana well field, the mineral content
of the water from wells has been increasing for quite a number of years.
To determine the source of the contamination certain tests! have been
made. Contamination tests were made on most of the city wells by
collecting water samples at short intervals, beginning when the pumping

t Livingston, Penn, and Lynch, W. A., Methods of locating salt-water leaks in water wells: U, S.
Geol. Survey Water-Bupply Paper 796-A, 1937.
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was started, and by testing them for chlaride or hardness in the field.
Since under favorable conditions the approximate depth from which a
sample was taken can be calculated if the diameter of the well, the rate
of pumping, and the elapsed time are known, the changes in_the min-
eralization gave a clue as to the character of the water entering the well
at various depths. The chloride values, determined by the field tests:
may be as much as 5 percent from the true values, but a difference of
not more than 2 percent was found when two or more tests were made
from the same sample. The hardness determined may be somewhat
lower or higher than the true hardness, but since the tests were all made
by exactly the same method, the hardnesses determined shovld be,
comparable.

One test consisted of taking water samples at desired depths with a
deep-well water-sampler and testing for chloride and hardness. The
water sampler used for these tests consisted of a short length of 1}4-inch
pipe with a leather flap valve set in each end. With this device a
sample could be obtained at any desired depth by giving the cable a
few jerks thus flushing the sampler and trapping a sample of water
between the valves.

Another test consisted of determining the electrical conduectivity of
the water in a well at various depths by means of a pair of electrodes
separated by a fixed distance and lowered into the well attached to a
double conductor cable. At regular intervals the amount of current
was measured that flowed through the water between the electrodes
when a fixed low voltage was applied. Since the conductivity of water
increases roughly as the amount of dissolved mineral matter in it, the
conductivity is an indication of the mineralization, and the relative
mineralization of the water at any depth in a well can be ecompared with
that at any other depth. Because it is desirable to make this test as
quickly as possible after pumping ceases, a small set of electrodes was
designed to use while the pump was still in place. Unfortunately the
pump columns in the El Paso city wells have flange couplings that nearly
fill the space between the casing and the pump columns, making it
impossible to work the electrodes down between the flanges and the well
casing. Therefore, explorations with the electrodeés as well as w'th the
water sampler were made only in wells from which the pump had been
removed. The data obtained by these tests and a discussion of the
condition of each well is given below. During the test all depths were
measured from the floor of the pump house.

WELLS IN THE MONTANA WELL FIELD
CITY WELL 1 (WELL 50)

On September 27, 1935, a contamination test was made after this well
had been standing idle for. 91 hours. The depth to water was 102.15
teet before pumping began and 185.0 feet after 514 hours of pumping
‘at the rate of about 1,200 gallons a minute. The pump was get with
the suction at a depth of 190 feet. The curve in figure 9 shows the
results of this test and is typical of curves obtained from plotting the
results of tests made in wells in which highly mineralized water has
leaked into the well a considerable distance above the bottom and has
moved downward and replaced the fresh water below the leak. TFor the
first minute of pumping, the water discharged contained abonut 250
parts per million of chloride and by the end of the third minute it con-
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tained 750 parts per million. From the third to the thirteenth minute
the chloride eontent dropped gradually to 270 parts per million and

after 314 hours of pumping to 260 parts per million. The water in the
pump column ev_idently was of the same mineralization as the water
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pumped from the well when it was last operated. Almost immediately
after this water was expelled the chloride content began to increase.
It is believed, therefore, that the contaminating water probal'y was
entering the well just below the end of the suction, probably at the
bottom of the pit where the casings overlap at a depth of 225 feet.
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When the well is standing idle the pressure in the salt-water horizon is
apparently great enough to force water containing about 800 parts per
million of ehloride into the well at a very slow rate, perhaps at one gallon
per minute. While the well is being pumped, however, the salt-water
horizon yields a greater amount of water to the well. Although con-
tamination from this source is not serious at present, the ovmening
through which the leakage oceurs may suddenly become enlarged. and a
large leak may develop, as happened in city well 3 during the summer of
1934. . Explorations and tests on the other three wells in the Montana
well field indicated that this well probably draws heavily from a sand
yielding water relatively high in chloride at a depth of about 609 feet.
The exact location of the sand yielding the highly mineralized water
can probably be determined by further explorations and, unless the
well is of gravel-wall construction throughout, a liner can be grouted
opposite the sand and the quality of the water improved. Placing the
liner will of course reduce the capacity of the well.

. During the period from 1935 to 1939 the mineral content of the water
yielded by well 1 increased. Very thorough tests made in August 1939
to determine the source of the contamination showed that the statemients
made in 1935 concerning this well were substantially correct. (See
Appendix.)

The well was found to be about 790 feet deep instead of 860 feet as
reported. During the tests the parts of the well between the following
depths were isolated by means of packers and were pumped and tested
for chloride: 0 to 220 feet, 220 to 450, 447 to 590, 640 to 714 feet, and
740 to 790 feet. The pump pit was watertight, and no undesirable
water was entering the well above a depth of about 220 feet. Mineral-
ized water was found to be entering the well through holes in the casing

- at about 220, 261, and 392 feet below the ground, and the entire rection
of casing from 220 to about 485 feet probably is in poor condition and
contains many small holes. Highly mineralized water containing
between 2,000 and 2,500 parts per million- of chloride was entering the
well through these holes. It is likely that several of the holes in the
casing were enlarged during the test. The part of the well betwe=n 220
and 450 feet, with only 8 feet of draw-down, yielded 26 gallons a minute
of very sa.lty water, which is more than leaked into the well while it
was being pumped prior to the test. It appears, therefore, that tl  well
probably will yield more highly mineralized water if it is again used
than it did before the tests were made.

The best water, which was found between 447 and 590 feet, contained
an average of about 250 parts per million of chloride and abont 255
parts of hardness. However, samples obtained from various parts of
this section during the test ranged from 180 to 700 parts per million of
chloride. The water having the highest chloride content enternrd the
well at a depth of approximately 570 feet. It apparently came from a
bed of sand at this depth, although it might have come from sands at
600 or even 650 feet and have moved upward outside of the casing
before entering the well. This section of the well yielded about 110
gallons a minute with about 14 feet of draw-down.

The section from 640 to 714 feet was pumped at the rate of 50 gallons
a minute and the section from 740 to 790 feet at the rate of about 100
gallons a minute. The water from each of these sections contained
about 675 parts per million of chloride and about 500 parts per million
of hardness.
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_ Apparently, most of the moderately mineralized water was entering
the well through the slotted pipe between 695 to 715 feet and 775 to
790 feet—the slots from 790 to 815 feet were covered up—and ¢ small
amount of very salty water was entering the well through the holes atf
392, 261, and 220 feet. The entrance of water from the section of the
well below 600 feet could be prevented by plugging the well below that
depth but this probably would reduce the yield by about a third. The
flow from 220, 261, and 392 feet probably could be stopped by se‘ting a
liner in the well and grouting the well from about 200 to 485 feet, but
this would be a difficult and expensive job. If it were done succersfully,
there still would be the inflow of salty water into the well at about 600
feet, which might increase markedly. The entrance of salty water at
the 600-foot level probably cannot be effectively stopped since tle well
is reported to have been artificially gravelled en the outside of the casing.

Viewing the problem from all angles it is not considered advisable to
attempt to repair this well in order to improve the quality of the water.
It is recommended that the pump be reinstalled in the well and that it
be pumped at a rate of not more than one million gallons a dey. A
careful record should be kept of the quality of water yielded by the well
and when the mineral content becomes too great to be used in the city
supply, the well should be abandoned and sealed.

CITY WELL 2 (WELL 51)

A contamination test was made on June 22, 1936, after the well had
been standing idle for more than 214 years. The depth to water was
114.1 feet before pumping began; the pumping level could not be deter-
mined. When the pump had been in operation for an hour, the dis-
charge was measured with a current meter as 1.05 million gallons per
day or about 730 gallons per minute. The chloride contained in the
water discharged from the pump amounted to about 80 parts per million
for the first 4 minutes of pumping; this jumped to more than 250 parts
per million by the end of the 6th minute, after which it declined steadily
to about 190 parts per million at the end of an hour, and when the pump
stopped after nearly 4 hours of pumping the chloride content was less
than 180 parts per million. The results of this test and of the erplora-
tions made with the electrodes on June 23 and July 10 are shown in the
tables that follow.

Contamination test by the pumping method on El Paso city well 2 (well 61), June 22
1936 .

Pumping Chlori Pumping N Pumping Eorid
time oride time Chloride time Chliride
‘ 1y 3 {8 per

(minutes, (parts per (minutes, (parts per (minutes, (parts

seconds) million) seconds) million) seconds) mil'{on)
0:30 80 5:45 250 26:15 208

45 76 6:15 254 36:15 210

1:15 82 7:15 246 44:15 192
1:45 74 8:15 248 48:15 194
2:15 9:15 246 68:15 180
3:15 78 10:15 238 184
3:45 76 11:15 236 103:15 182
4:00 76 12:15 222 123:15 184
4:15 + 126 14:15 228 133:15 180
4:30 204 18:15 230 163:15 178
4:45 240 21:15 218 183:15 174
5:15 246 24:15 214 226:15 176
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Contammahon test by the elecirical conductivity method on El Paso cily well 2 (well 51),

June 23, 1936
Depth Current Depth Current, Depth Current
(feet) (milliamperes) (feet) (milliamperes) (feet) (milliamperes)

115-180 23}5 465-470 22— 555 22
185-3356 475 2133 560 23

340 24 - 480 21 565—-570 2044
345-360 23+ ) 485 21~ | 575-580 24
365-380 23 }2 490 2033 585-590 2414

385 495-500 20 . 595 25
390-400 23 + 505 20—~ 600 25—
405415 510-520 1933 605-630 2434

420 23 - 525 20— . 635—-660 24

425 2235 530-535 191, 665 2414

430 22+ 540-545 20 670-679 24
435-460 22 550 21

Conlamination test by the electrical conductivity method on El Paso city well 2 (well 61)
July 10, 1936

Depth Current l Depth Current Depth Current
(feet) (milliamperes) (feet) (milliaimnperes) (feet) (milliamperes)

124-220 20 460-480 19 595-630 22
2256-245 204 485 181y 635 22+
250-265 21 490-500 18 640 22
270-290 21— 505 18— 645 22—
295-325 20+ 510-515 17}, 650 2134
330-355 20 520 18 655 22
360-370 20— | 525-530 18— 660665 2113
375-385 191, | 535-580 18 670 2135
390-415 20— 585 1915 675-680 2114
420-455 195 [ 590 211, 681 Bottom

Water samples were taken at various depths on July 10 to compare
with the results with the electrodes. The chloride content was found
to be 160 parts per million at 300 feet, 140 at 430 feet, 130 at 515 feet,
120 at 575 feet, 175 at 600 feet and 170 at 660 feet. The date from
these explorations show that conditions in this well are very compli-
cated. There is apparently a water-bearing horizon from about 500
to 540 feet (log of the well shows sand and gravel from 507 tc 538),
which yields water containing less than 100 parts per million of chloride.
The hydrostatic pressure is great enough to allow this water to flow
into the well while it is idle and move upward, escaping from tl = well
near the surface of the water, at least above the end of the suction of the
pump that was set at a depth of 210 feet. There is another sand at a
depth of approximately 590 to 640 feet (log shows sand and gravel at
577 to 606 feet and 612 to 630 feet) that yields water containing more
than 250 parts per million of chloride. The water from this bed appar-
ently flows into the well while it is idle and escapes into a sand below.
Neither leak is of serious proportions. The part of the well between
590 feet and its present bottom at 680 feet, however, probably yields
water fairly high in chloride and draws from the sands that are gausing
most of the trouble in the Montana well field. If the well, which in its
present condition is not a very good producer, were sealed frow the
present bottom up to 580 feet its yield probably would be too low for
economical operation. It is recommended, therefore, that the sand in
the well be cleaned out to the original depth of 840 feet, and if after
careful study it is found that the well will yield sufficient volume a liner
should be set opposite any highly mineralized water sand. A}though .
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the chloride content of the water pumped from the well is relatively
. low under the present conditions, unless the highly mineralized water
horizon is shut off the chloride content should be. expected to rise when
similar repairs are made on the other wells in the field. The yield from
this well should be reduced to not over 0.75 million gallons a dey. It
probably can be operated with safety at that rate provided the other
wells are repaired and the yield from the other three wells is reduced to
not more than one million gallons a day each.

CITY WELL 3 (WELL 52)

During the summer of 1934 the chloride content of water pumped
from city well 3 (well 52) was noticed to have risen rather suddenly
to nearly 400 parts per million. Since this was considerably higher
than the chloride content of water from the other wells in the Montana
well field and much too high for general public use, the well was shut
down, and in October of that year an attempt was made by the city
- water department to locate the source of the contamination. A liner
was set from the bottom of the pump pit at 225 feet to a depth of 500
feet, packers being placed at the top and bottom of the liner to shut off
any water that might enter the well between these depths. Thre well
was then filled with sand and samples of the water taken at intervals as
the depth of the well decreased, the pump being run for some time before
each sample was taken. The chloride content of the water samples thus
obtained ranged between 1,270 and 1,510 parts per million. The well
was left filled with sand to a depth of 375 feet and abandoned.

On April 29, 1936, explorations were resumed. The static water level
was 99.2 feet. Water samples taken at a depth of 105 and 3€9 feet
showed a chloride content of 1,220 and 1,250 parts per million, respec-
tively. An air-lift pump was installed and pumped continuously for
614 hours at an estimated rate of 100 gallons a minute. Samples of the
discharge taken at intervals showed a range from 1,100 to 1,26C parts
per million of chloride. The draw-down amounted to about 21 feet.
Fresh water was floated in on the surface of the water in the well at the
rate of about 25 gallons per minute, and the progress of displacing the
salty water was checked with the electrodes. It displaced the salty
water to a depth of 12714 feet but would go down no farther. More
water was then introduced through a 6-inch pipe at a depth of 374 feet,
and its movement also was checked with the electrodes. The fresh
water moved upward and escaped from the well at a depth of 12715
feet. Enough fresh water was then poured into the well to flush out
completely all of the salty water, and the well was allowed to stand over
night. It was then pumped at a rate of about 150 gallons a rinute
for an hour, and 59 samples of water eollected at short intervals during
.that time showed that the chloride content increased steadily from
about 250 to more than 1,100 parts per million. In the meantime the
return of the salty water through the hole at a depth of 12714 fe>t and
its movement down the well to the end of the suction of the puno was
observed with the electrodes. A 10-inch casing was set from the s"uface
of the ground to the bottom of the pump pit with a packer on the lower
end to exclude any leakage into the well above a depth of 225 feet. The
sand in the well was then cleaned out with the air lift pump, starting at
a depth of 375 feet, the eduction pipe being lowered as the sani1 was
removed. After each length of pipe was washed down, the pumping was
continued until the water came clear, and a water sample was then taken
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and tested for chloride. The water that enters the suction pipe of a well
pump placed above all water-bearing horizons moves to the pump
through the well casing, but when the suction end is opposite a well
screen a large percentage of the water can be expected to come directly
through the screen from the sand at that point. Although the water
is somewhat mixed with other water from the well, the samp'es are
fairly good indications of the relative quality of the water at the various
depths. The chloride content of representative samples ard the
approximate depth of the well at the time they were taken are shown in
the following table.

Water samples taken from city well 3 (well 52) during process of cleaning out scnd with
air-lift pump
[Bottom of eduction pipe was at top of sand]

Depth of Chloride Depth of Chloride
well (parts per Remarks well (parts per Remarks
(feet) million) (feet) million)
435-484 160 | Added water to start 697 164 After 1%{ hours of
pump. pumping.
504 | 180, 155, 162 717 162
504-516 158 736 168
516 152 | After 2 hours of 756 164
pumping. 758 164 After 34 hours of
536 | 132, 128, 120 | Samples during 3 pumping.
hours of pumping. 773 160 After 20 m'nutes of
556 132 pumping.
576 130, 132 | Pump throwing 783 168 .
coarse gravel. 805 162
596 220 824 190
616 220, 225 827 192
631 200 827 158 3
634 214, 200 , 849 154 After 24 m'nutes of
656 196 pumping.
677 175 ' :

The pump and all packers and liners were removed and.a £)-inch
casing set from the surface to the bottom of the pump pit at 225 feet.
The annular space between the 20-inch and 26-inch casings was filled
for about 5 feet with roofing gravel, then with 2 feet of sand, and above
the sand with drilling clay up to a depth of about 100 feet. The deep-
well pump was installed on June 27, and after three fourths of an hour
of pumping it had reduced the chloride content to about 140 parts per
million. The well then stood idle for about 44 hours, and on June 29
a contamination test showed a maximum of only 180 parts per million
of chloride, indicating that the bad water that had been comir« into
the pump pit had been completely shut out. The static wate* level
before pumping started on June 29 was 130.57 feet below the floor.
After 2 hours of pumping, at the rate of 1.8 million gallons a dey, the
water level was 155.20 feet, after 10014 hours it was 161.26 feet, and
after 27314 hours it was 161.75 feet below the floor of the pump house.
The pump continued in operation, and on July 9 a sample co'lected
showed about 265 parts per million of chloride or about the same as that
from wells 49 and 50 in the Montana well field. Another contamination
test was run on July 15 after the well had been shut down for about 5
days. The first water discharged contained about 290 parts per million
of chloride. At the end of 414 minutes it contained 160 parts per million
after which it gradually increased to 190 parts per million in on= hour
and 38 minutes. (See table on page 83.) Twenty-seven hour~ later
the chloride content had risen to 280 parts per million.
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Contamination test by the pumping method on El Paso city well 3 (well 52), July 15, 1936

Pumping Chlori Pumping id Pumping Ch'orid
time oride time Chloride time oride
: ts per (parts per (parts per

{minutes, (parts (minutes, 1s (minutes,

seconds) million) seconds) million) seconds) mi’lion)
0:20 295 3:06 170 11:05 172

135 278 3:20 166 14:05 172

g B | B s ) ose o
1:20 294 4:05 164 28:05 174
1:35 282 4:35 162 36:05 174
1:50 274 5:05 166 44:05 176
2:05 245 5:35 166 58:05 180
2:20 204 6:05 168 78:05 180
2:35 184 7:05 170 88:05 186
2:50 172 9:05 170 98:05 188

The following conclusions have been reached regarding the present
condition of well 52 and the conditions leading up to the abandcnment
of the well in 1934. During the 10-year period ending with the summer
of 1934, 43 percent of all the water pumped in the El Paso area, includ-
ing all industrial and private supplies, was pumped from the Montana
well field, and nearly 21 percent of all the water pumped by the city
water department during that period was taken from well 52. During
that time the chloride content of the water from well 52, and also of
other wells in the Montana well field, was gradually increasing. The
sudden increase in the chloride content in water from well 52 11 1934
was caused by a rapid development of a hole in the casing at a depth of
12714 feet that permitted more than 100 gallons per minute of water
contammg approximately 1,200 parts per million of chloride to enter
and mix with the water pumped from this well. The increase of chloride
content in a water in which it was already fairly high brought the total
too high for satisfactory use. The recent repairing of well 52 has
eliminated for the present the danger of contamination from the pump
pit, but it will not check the steady rise of chloride in the water from
this well or in the Montana well field in general. Sands from about
530 to 580 feet yield water containing less than 140 parts per million of
chloride under pressure higher than the static pressure in the sands
below, which probably yield water containing over 300 parts per million
of chloride. When the well is idle, fresh water flows into it from the
upper sands and moves downward, forcmg the more highly mineralized
water, which appears to be from a depth of about 590-670 feet, away
from the well. No accurate computations can be made as to the
volume of fresh water escaping from the well into the lower sand, but.
it is estimated to be about 50 gallons a minute. This fresh woter is
recovered by pumping, but as soon as it is pumped from the lower sand
back into the well, that sand begins to yield the more highly minevalized
water that it contains under normal conditions. The fact that the
quality of the water from this well is better just after the well has been
idle might mislead one into believing that the general quality of the
water is improved by allowing the well to rest, especially if the water
sample analyzed were collected from one to several hours after the
pump was started following a long rest. This is not the case. Perma-
nent improvement of the quality of the water from this well however,
probably could be made by carefully locating the exact position of
ssﬁnds that yield the contaminating water and setting liners opnosite
them
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CITY WELL 4 (WELL 49)

A contamination test was run on city well 4 (well 49) on April 1,
1936, after the well had been standing idle for 45 hours. Water levels
could not be determined. The pump discharged about 1,200 gallons a
minute. The water pumped during the first 214 minutes contained
about 235 parts per million of chloride, then dropped steadily to 128
parts per million in 5 minutes, and increased again to about 195 p-rts per
million in an hour. A sample collected after 6 hours and 25 minutes of -
pumping showed 235 parts per million, as shown in the table below.

Contamination test by the pumping method on El Paso city well 4 (well 49), April 1, 1936

Pumping . Pumping . Pumping :
i, | Gatewe || ume | Gembe | ime, | Grriow
seconds) million) seconds) million) seconds) million)
00:30 234 5:30 130 17:15 168
:45 234 545 | _..____.. 18:15 | oo
1:00 234 6:00 126 19:15 166
1:15 238 6:15 | .. 20:15 | _o.._.
1:30 236 6:45 138 21:15 170
1:45 238 7:16 | .- 22:15 | miceen
2:00 234 7:45 142 23:15 172
2:15 236 8:15 | . 24:15 | oo
2:30 214 8:45 152 26:15 | __ . ...
2:45 194 915 | e 28:15 | . .
3:00 174 9:45 154 30:15 174
3:15 166 10:15 | . 32:15 | e -
3:30 146 10:45 154 34:15 178
3:45 140 11:156 | e 36:15 | ...
4:00 134 11:45 158 41:15 184
4:15 | .. 12:15 | ... 46:15 | __________
4:30 136 13:45 160 51:15 188
4:45 | ____l.. 14:15 | . 56:15 | .-
5:00 128 15:15 162 61:15 196
515 | L _.... 16:16 | ... 385:00 235

This well apparently has no leak of consequence above a depth of 500
feet. A short distance below that depth fresh water containing less
than 130 parts per million of chloride flows in when the well is idle and
moves downward, replacing water higher in chloride. The vo'ume of
the fresh-water flow is about 25 to 30 gallons a minute. The pmp in
this well was not removed during the investigation and explorations
with the electrodes and other instruments could not be made.

CONCLUSIONS REGARDING WELLS I!“I MONTANA WELL FIELD

The water from the various sands lying below the surface in the
Montana well field varies greatly in mineral content and hydrostatic
pressure, and that from each sand varies considerably in chemical con-
tent. The first water encountered, the so-called shallow water, is fairly
high in chloxide, containing about 1,200 parts per million at the location
of well 52 and probably more than 800 parts per million at well 50.
The hydrostatic pressure in each sand depends upon how completely it
is shut off from other sands, upon its permeability, and upon the amount
of water pumped from it for several miles around. The static water
level in the shallow-water sands is about 15 or 20 feet higher than the
average water pressure in sands below it. Little is known about the
quality, or static pressure of the water in the beds between the shallow
water and a depth of nearly 500 feet. In well 50 the top of the screen
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is at a depth of 485 feet, in well 51 it is at 507 feet, in well 52 at 595 feet,
and in well 49 at 465 feet. The quality of the water in the beds around
500 feet is good, averaging less than 200 parts per million of chloride.
From approximately 550 to 670 feet there are sands that ap»ear to
vield to all wells in the field water moderately high in.chloride. The
gradual annual increase in the chloride content of the water from the
Montana field is thought to indicate that the wells are drawing an
increasingly larger proportion of water from this sand. For 70 feet
or more below 670 feet the quality of the water seems fairl good,
but below 870 to 900 feet very highly mineralized water hes been
reported.

It is believed that the gradual increase in chloride in the xvells in
the Montana well field, which has been in progress for several years, is
chiefly due either to the gradual breaking down of a barrier tetween
some of the less highly mineralized and more highly mineralized sands,
or to the fact that highly mineralized water is being drawn in from
beneath areas outside of the field. There is, of course, always danger
that the casing opposite highly mineralized sands will corrode through
and allow serious contamination of single wells, but the general increase
in chloride content has been so slow that there seems to be no csuse for
alarm lest the well field should suddenly be ruined. On the othe~ hand,
undue complacence regarding the life of this field is not war-anted.
The sands between about 550 and 670 feet are believed to have a high
permeability and to yield a large amount of moderately minevalized
water, but at the same time the well explorations indicate t}at the
static pressure in them is lower than that in the heds above and below.
Those beds in their turn have a lower static water level than tl = beds
of highly mineralized water above the 500-foot depth.

Further inecreases in the difference in head probably will result
eventually in drawing sufficient water in from the outside to cause the
mineralization of the field and may result in the breaking down of the
barriers between the beds yielding fresh water and the beds above or
below that yield mineralized water. If the gradual increase in chloride
is due to increases in chloride in the water from the sands between 550
and 670 feet depth, it would be advisable to go into these we'ls and
make repairs and to reduce the pumpage from them. The salt-water
horizon could be shut off by first carefully locating the herizon from
which the water comes and then setting and grouting a liner into place
opposite it. Shutting off the highly mineralized water in any one of the
wells will increase the hydrostatic pressure in the salt-water sand, thus
causing the chloride content to increase in the other wells. It is
necessary, therefore, to repair and put in order all the wells to k< used
in the field. Any well abandoned in this field must be carefully sealed. '
Making the explorations and repairing the wells are expensive jobs
and should not be undertaken by anyone who is not an expert in this
type of work. Repairs that are not accurately and completely made
may be worse than no repairs at all. - No additional wells shculd be
drilled in or near the Montana well field and any drilling in the Fl Paso
area, especially in the valley, must be done by an experienced driller,
one who is not only capable of vperating a drilling rig but who appre-
ciates the importance of taking representative samples of water
from each water-bearing sand and who understands the technique of
shutting off undesirable water and the proper methods of gravel-
walling wells.
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OTHER CITY WELLS WITHIN THE. CITY LIMIT~®
CITY WELL 5 (WELL 41)

A contamination test was run on city well 5 (well 41) on February 26,
1936, after the well had been standing idle for about 7 monthe. The
static water level was about 109 feet. Thé pump discharged about
600 gallons a minute, but the pumping level could not be determined. .
The first water discharged contained about 220 parts per mi'lion of
chloride; this rose immediately to about 250 parts per million, where it
remained for nearly 5 minutes of pumping, then jumped to move than
300 parts per million with 6 minutes of pumping, and gradually increased
to 340 parts per million in 14 minutes. After some minor fluctations
the water still contained 340 parts per million when the pump was shut
down at the end of 38 minutes. '

Contamination test by the pumping method on El Paso city well & (well 41), February 26,
|

1936
Pumping Chloride Pumping Chloride Pumping Chlgride
] (parts per : (parts per K parts per
(minvtes: | Cmion || Gmowi | GHRET ) Gmmts | D
0:30 218 3:45 248 14:15 340
45 224 4:15 246 16:15 336
1:00 256 4:45 246 18:15 340
1:15 250 5:15 286 20:15 340
1:30 254 5:45 308 22:15 336
1:45 240 6:15 304 24:15 336
2:00 242 7:15 320 26:15 340
2:15 246 8:15 312 28:15 342
2:30 250 9:15 315 30:15 346
2:45 250 10:15 320 32:15 346
3:00 246 11:15 326 34:15 342
3:15 248 12:15 334 38:00 340

The well remained idle until July 10, at which time exploration~ made
with the electrodes indicated that the most highly mineralized water
was between 655 and 680 feet. On July 14 about 20 gallons a minute
of fresh water, eontaining about 100 parts per million of chloride, was
introduced to the surface of the water in the well and its movement
observed with the electrodes and the deep-well meter. The meter
showed that the water was moving downward in the well and essaping
between 720 and 820 feet. The well was allowed to stand idle for 40
hours and then was explored with the electrodes. Nine water s~mples
were collected at desired depths. The results of these tests are shown
in the tables on page 87.

These data are interpreted to mean that while the well is idle. water
containing more than 250 parts per million of chloride enters the well
at a depth of about 725 feet—the driller’s log shows water s~ad at
719 to 728 feet—and moves upward into sands of lower hydrostatic
pressure and probably lower chloride content. During the winter
months the hydrostatic pressure in the sands from 575 to 719 fect was
high enough to stop the flow of water to it, but in the summer of 1936
the water at a depth of about 725 feet moved upward entering the sands
above. Without further investigation it is not possible to tell whether
the water at a depth of 725 feet moved upward as far as the suction of
the pump, or whether some small holes have developed in the pump
pit permitting water of about the same chloride content to fill tke well,
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over a long period of time, to a depth of about 575 feet. This w~ll has
been reported as having been filled by vandals with old iron to a depth
of 845 feet several years-ago, and efforts to clean out that section of the
well probably would not be successful. The well is in a very poor
place with reference to recharge and ground-water storage, as is shown
by the small yield and large draw-down. Because repairs, stch as
placing a liner opposite the salty water, would further reduce the
yield, this well probably should be carefully sealed and then abandoned.
The well can be sealed effectively by introducing, through a pipe extend-
ing to the bottom of the well, drilling mud, preferably containing a
small proportion of bentonite, so heavy that it will barely flow. The
well should, of course, be completely filled with mud, and after allowing
the mud to settle for several months, the well should be refilled to the
surface with sand and capped with a concrete slab. As there is appar-
ently considerable movement of water near the bottom of the well,
introducing the mud at the surface and allowing it to sink of its own
accord may thin it to such an extent that great quantities of the mud
would pass out of the well into the water-bearing formations. This
would be a wasteful method, and besides requiring a large amount
of eéz(tly it might possibly make the water from other wells in the vieinity
muddy.

Contamination test by the electrical conductivity method on El Paao city well 6 (well 41),
July 17, 1936

Depth Current Depth Current Depth Current
(feet) (milliamperes) (feet) (milliamperes) (feet) (milliamperes)
118 26 285-295 24-2514 690-695 2614
120-125 26 — 300-310 25 700 -
130-155 26 315 25— 705 274
160 26 — 320-345 2414 710-730 f 28
6. 2513 350-370 24 785-755 28—
170-185 26— 375-500 24 constant 760-765 274
90 2514 500-565 24 770-785 27
195 25 570-600 24+ 7 —
200 26 605-615 25—~ 800-810 2614
205-215 2534 620-650 25 815-820 26+
25+ 655-660 25— 825-830 26
225-235 25-26 665 24+ 835, 264
240 254 670 2534 840 26
245-275 25 675 26 845 26
25—~ 680-685 264

Chloride content of water samples taken from El Paso city well 5 (well 41)

Chloride Chloride Chlcride
Depth Depth Depth
(feet) (parts per (Feet) (parts per (feet) (parts por
116 + 110 300 . 114 710 276
© 150 112 400 110 725 274
195 114 600 136 800 . 158

CITY WELL 6 (WELL 22)

A contamination test on city well 6 (well 22) was made on Felruary
27, 1936, after the well had been standing idle for about 5 months.
The static water level was 14.4 feet before pumping began, but the
pumping level could not be determined. The pump discharged about
1,100 gallons a minute. The first water discharged contained about
105 parts per million of chloride, and this amount jumped to nearly
160 parts per million in the first half minute of pumping, after which
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the decline was very rapid, reaching less than 110 parts per million at
the end of the first 3 minutes. The chloride content fluctuated batween
about 104 and 110 parts per million for 50 minutes, and a sample taken
after 18 hours showed 110 parts per million. On July 20 a second
contamination test was made, and the samples of water were tested for
soap hardness in addition to the usual chloride tests. The chloride.
content of these samples showed the same general trend as in the first
test. A maximum of 174 parts per million of chloride was reached in
the first half minute, and that had declined to 108 parts per million in
314 minutes. The hardness as determined with a standardized soap
solution was 400 parts per million at first and increased to abont 600
parts per million in 2 minutes, then it gradually declined to about -
460 parts per million in about 6 minutes and remained nearly constant
until the pump was shut down at the end of an hour. (See table below.)

Contamination test by the pumping method on El Paso city well 6 (well 22), July 20, 193€

Pumping time Chloride Hardness Pumping time Chloride Hardness
(minutes, (parts per (parts per (minutes, (parts per (par‘s per
seconds) million) million) seconds) million) mil'ion)

0:00 102 416 3:00 118 521
:10 112 . 3:10 114 |
120 114 480 3:20 108 505
:30 174 | .. 3:40 108 489
:40 174 577 4:00 108 481
:50 156 oo 5:40 108 457
:60 155 577 7:40 108 465

1:10 144 .. 10:30 110 457

1:20 148 593 13:30 112 457

1:30 144 ... 19:30 112 473

1:40 146 609 25:30 110 481

1:50 140 o 37:30 110 473

2:00 138 609 47:30 110 465

2:20 130 585 +  61:30 108 465

2:40 122 545

The pump' was removed and explorations were made with the elec-
trodes supplemented by water samples obtained at desired ceptbs.
The chloride content and hardness of samples are shown below.

" Chloride content and hardness of water collected with the deep well sampler from El Paso
city well 6 (well 22), July 21, 1936 .

. Hardness Hardness
Depth Chloride {parts Depth Chloride (parts .
(feet) per million) (lx":lilblsog)ﬂ (feet) per million) (‘:::i “fm‘s’ T
20 116 [ 165 160 589
60 120 ol .. 195 164 640
80 114 ‘440 250 132 540
90 112 529 . 325 110 469
130 108 425 400 114 469

The data for this well were interpreted as showing that hard water was
entering the well at the lower end of a liner that had been set several
years previously from 88 feet to 190 feet below the surface in an effort
" to improve the quality of the water. The water from this section of the
well flows into the well while it is idle, moves downward, and escapes
into the lower sands. The liner was removed on July 23, 1936 b-cause
it was found that the packer that had been attached to the lower end of
the liner had been lost either when it was set or when the liner was
removed from the well. To obtain another check on the location of the

| '
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contaminating water a device was used consisting of two packers,
about 14.5 feet apart, mounted on a 2-inch pipe-in such a way that when
a pump was attached to the pipe it would draw water only from the
section between the packers. The packers were first set at 140 to
155 feet below the surface. The water was pumped from above the
packers to see if there was a leak in the pump pit or if the packers would
leak. The data obtained from this test are shown in the table below.

Contamination test of El Paso city well 6 (well 22), made with the use of two packers. 1936

‘ (i t tlh of acklers . Water level
eet below floor level) bettl\;ieen p’“’l‘e’;s Pumping time | Chloride (parts | Hardness (parts
?est? 82?%‘5 oow (minutes) per million) per million)
Upper Lower floor level) /
3 180 o
4 80 | 86
. 15
14525 160 13.94 21 178 690
27 180 690
33 182 690
3 160
18 143 528
17233 187 12.65 8 128
30 144 628
36 146 617
15 104 450
24 96 417
&% 5 110
187 201 15.58 > gé ””” 303
96 84 385
108 88 393
. 123 86 377
3 92 433
9 100 e mm———————
15 104 a2
21 108 513
27 108 Ll
63 108 7
b 63 0
213% . 228 13.60 78 102 465
90 108 473
. 108 110 473
114 | 473
120 el 473
126 o 465
138 104 465
H I s
. P 1
252 266 13.55 36 78 205
60 72 305
- o3 oB
- 1
265 279 13.53 i3 [ S0z
H A 557
1
296 310 14.70 39 26 257
. 57 84 . 257
378 392 ' No water could be pumped.
! 384 398 | No water could be pumped.
| ‘

This test showed that the water from 145 to 187 feet contains about
180 parts per million of chloride and about 700 parts per million of,
hardness. The yield from this sand is great enough to raise the average
hardness to about 425 to 450 parts per million. The hardness. of the
water from the lower sands ranges down from about 450 to 250 par*s per
million. The chloride of the water in the sands below ‘187 feet r~nges
from about 100 to 70 parts per million. A temporary liner should be
placed in this well from the bottom of the pump pit to a depth of 190
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feet with packers at the upper and lower ends. If the well ther yields
water of satisfactory mineral content, the portion of the well from 405
to 503 feet should be cleaned out and the water from each sand cerefully
analyzed. If no further trouble is found, the liner from 100 to 190 feet
should be permanently grouted in place.

CITY WELL 7 (WELL 31)

A contamination test was made on city well 7 (well 31) on February
27, 1936, after the well had been standing idle for about 4 months.
Water levels could not be determined. The pump discharged about
1,250 gallons a minute. The results of this test are shown herewith.

Contamination test by the pumping method on El Paso city well 7 (well 31), February 27
1936

Pumping Chlorid Pumping d Pumping Ch'orid
time ride time Chloride time oride
(minutes, (parts per (minutes, (parts per (minutes, (parts per
seconds) million) seconds) million) seconds) milion)
00:15 102 4:00 58 15:30 64
:30 74 4:30 ¢ 58 17:30 62
45 72 5:00 60 19:30 64
1:00 70 5:30 62 21:30 64
1:15 64 6:30 62 23:30 66
1:30 62 7:30 62 25:30 66
1:45 62 8:30 62 30:30 68
2:00 60 9:30 62 33:30 70
2:15 56 10:30 62 38:30 70
2:30 56 11:30 64 43:30 72
3:00 56 12:30 64 48:30 72
3:30 58 13:30 52 20 hours 170

The first water discharged contained about 100 parts per million of
chloride, but this amount dropped to 56 parts per million with 2 minutes
of pumping. The chloride content then rose to 74 parts per million
with 44 minutes of pumping and finally showed about 100 parts per
million after 20 hours of pumping. This well apparently taps a sand -
yielding water that contains less than 55 parts per million of chloride
and that has sufficient hydrostatic pressure to cause water from this
sand to flow into other sands while the well is idle. Movemrent of
fresh water from one sand to another does not represent a defect, and
the well was in excellent condition at the time the test was made.

The mineralization of the water, particularly the hardness, increased
soon after the above test was made, and by 1938 the water was unsatis-
factory for public use, especially for laundry use. More elaborate
tests on this well were made in August and September 1939. T-e well
was reported to have been 525 feet deep originally, but to have been
finished to a depth of 430 feet. The casing was said to be slotted from
160 to 450 feet. The tests showed that the pump pit and the well
casing down to a depth of 130 feet are practically watertight, and the
increase in mineral content during the past years is therefore nat due
to leakage in this section. The well was found to be 320 feet deep,
indicating that it had filled up to that depth with sand. It was cleaned
out to a depth of 500 feet and swabbed and agitated between 320 and
430 feet, but no appreciable increase in the yield of the well was noted.
Therefore the water pumped from this well must enter it mainly
between the depths of 160 and 320 feet, and it is believed that part of
all of the water-bearing formations between 160 and 320 feet have
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become more highly miheralized during recent years either by lateral

-movement of highly mineralized water through the water-bearing beds

from distant sources, or by downward movement of mineralize? water
from overlying sands. It seems likely that the bad water has seeped
down from above and perhaps only the upper part of the sands that
yield water to the well contains highly mineralized water. However,
the 'determination of the exact point of entrance of the highly miner-

‘alized water into the well was not considered of sufficient value to

warrant the cost of the work to determine it since it does not seem
practicable to repair the well. Any attempt to seal off a part, of the
slotted portion of the casing would not be practicable and since the
original casing was set with considerable difficulty, it would probabl
not be advisable to attempt to deepen the well. Therefore, this we
probably should be abandoned and sealed as soon as it is nc longer
needed as a standby well.

CITY WELL 9 (WELL 42)

A contanunatmn test was made on city well 9 (well 42) on September
16, 1935, after this well had been standing idle for 534 hours. . The
static level before pumping began was about 25.0 feet. The p lmping
level could not be determined. The pump discharged about 1.100
gallons a minute. The results of the test are as follows:

 Contamination test by the pumping method 51; 6El Paso city well 9 (well 42), Seplember 16
. 1 . o

Pumping |' Chlorid Pumping Chloride Pumping Chlorid
time ' oride time Tl time oride
‘(minutes, (paxts per (minutes, (parts per (minutes, (paxts per
seconds) million) seconds) millien) seoconds) mlion)
0:00 146 i 3:00 340 8:00 152
115 145 315 324 . 9:00 150
:30 140, 3:12 310 ¢ 10:00 145
45 138 3:34 302 11:00 144 »
1:00 | 135 4:00 276 12:00 138
1:15 142 4:30 245 13:00 138
1:30 148 5:00 218 14:00 140
1:45 192 5:30 15:00 138
2:00 340 6:00 185 16:00 138
2:15 505 6:30 176 17:00 138
2:30 410 7:00 160 18:00 138
2:45 366 7:30 158 19:00 140

For the first 114 minutes the water discharged contained a little less
than 150 parts per million of chloride, but this rose suddenly to more
than 500 parts per million with 214 minutes of pumping. The chloride
content. then dropped to 300 parts per million in 334 minutes, 150
parts per million in 8 minutes, and continued at about 140 pa*'ts per -
million until the pump was stopped at the end of 19 minutes. These
data are interpreted as follows: There is apparently a sand at s depth
about 250 or 300 feet that contains water with more than 500 perts per
million of chloride. Water from this sand flows into the well at the
rate of about 10 gallons a minute while the well is standing idle. The
flow probably is not much larger while the well is being pumped because
the average ‘chloride content of the water from the well is only about

"150 parts per million. The chloride content could be decreaced by

repairing this well but the repairs are not recommended until the other
wells have been repaired.: The mineraligation of the water from this
well should be determmed at regular intervals however
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CITY WELL 10 (WELL 21) '

. A contamination test was made on city well 10 (well 21) on June 15,
1936, after this well had been standing idle for about 4 years. Tl static
water level was 20.88 feet before the pump was started, but the pumping
level could not be determined. The pump discharged about 725 gallons
a minute. The chloride content of the first water discharged was about
120 parts per million; it was only 65 parts per million after 5 minutes
and less than €0 parts per million after the pump had been running
about 19 hours. Aeccording to old records of analyses of water from
this well, the chloride content was 100 parts per million June @, 1931;
674 parts per million September 3, 1931; 198 parts per million October 2,
1931; 114 parts per million April 6, 1932; 175 parts per million May.11,
1932; and 191 parts per million August 19, 1932. It seems, therefore,
that the normal chloride content of this water should be nearly 200
parts per million when it isidle. The fact that the chloride content was -
less than 60 parts per million after 19 hours of pumping probably ,
indicates that when the well is idle one or more sands contr‘bute a
large amount of water containing less than 60 parts per million of chlo-
ride to the well, and that this water forces more highly mineralized
water in other sands away from the well. The fact that the first water
discharged during the pumping test contained only 120 parts per million
indicates that the well was pumped for only a few hours the last time
it was in service. Engineers of the city water department believed that
highly mineralized water was entering the well near the bottom, and
in September 1931 the well was filled up from 802 to 650 feet. The fact
that the chloride content decreased from 674 parts per mil*on on
September 3, 1931, to 198 parts per million on October 2 indicates that
highly mineralized water probably was entering the well between
650 and 802 feet, but no data on tests or analyses of water below a depth
of 650 feet are on record, and it seems desirable to determine by further
testing where the highly mineralized water was entering this well.
If the quality of water from 650 to 802 feet is satisfactory it would
be desirable to clean out that portion of the well to increase the yield
and decrease the pumping lift.

s

WELLS IN AND NEAR THE MESA FIEL})
CITY WELL 8 (WELL-79)

2

No tests were made on this well during the investigation. There
has been no evidence of contamination in it. The well is in the mesa
well field not far from city well 11, and conditions in the two w-lls are
probably very nearly the same.

CITY WELL 11 (WELL 78)

A contamination test was made on December 16, 1935, after the well
had been standing idle for 14 days. Water levels could not be deter-
mined. The pump discharged about 1,300 gallons a minute. The
chloride content of the water pumped ranged from 90 to 100 pgrts per
million throughout the test for 19 minutes. There is no contamination
from highly mineralized water in this well, and it is consideved in
excellent condition. : o
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CITY WELL 12 (WELL 77)

No test was made on this well during the investigation, ‘but the well
is in the mesa well field about half a mile east of well 78. No evidence
of contamination was seen.

SOUTHERN PACIFIC CO. WELL AT FORT BLISS (WELL 67

* A contamination test was run on the southeast well at the pumping
plant on July 21, 1936, after the well had been standing idle for 1014
hours. The pump discharged about 600 gallons a minute.. Te~ts for
chloride content and soap hardness were run on the samples col 2cted.
The -chloride content of the first water pumped was about 228 parts
per million. It gradually rose to over 360 parts per million in about
2 minutes of pumping, then dropped to 300 parts per million during the
next 214 minutes of pumping. There was a gradual decrease to 276
parts per million of chloride after 72 minutes of pumping. The hardness
showed similar fluctuations starting with 430 parts per million, increas-
ing to a maximum of over 700 parts per million, and ending with a little -
over 550 parts per million. The results of the tests are shown in the
following table.

Contamination test by the pumping method on T. & N.O. Railroad well at the Fort Blisg
pumping plant, El Paso, July 21, 1936 (southeast well)

Pumping time Chloride Hardness Pumping time Chloride Hardness
(minutes, (parts per (parts per {minutes, (parts per (par‘s per
seconds) million) million) seconds) million) mil‘ion)

0:15 222 428 5:15 292 616

45 224 | 472 6:00 302 60R
1:15 242 520 9:00 204 600
1:45 274 ) 584 12:00 2902 6C0
2:00 362 696 18:00 286 502
2:15 342 680 24:00 282 568
2:45 308 632 36:00 280 5ER
8:15 322 632 48:00 280 ‘5€0
3:45 06 624 60:00 274 5€R
4:15 312 624 72:00 276 552
4:45 298 624

f

The two wells, about 500 feet apart at the pumping plant, were drilled
in 1921 and have slotted casings from 274 to 864 feet, and 269 to 8¢9 feet,
respectively. The casing and slotted pipe were set in one strin«, and
no seals or packers were used. The normal static level was 221.6 feet
below the ground on July 15, 1936. The analyses of water reported by
Slichter,? from four wells, each 270 feet deep, belonging to the Sotthern
Pacific R. R. at the Fort Bliss plant about 1904, show the quality of the
water to be very good. At the time the present wells were drilled no
bad water was reported from these wells (p. 118), and water analyses
showed the quality to be very good. During more recent years, how-
ever, there has been a steady increase in the mineral content of the
water pumped from each of these wells. (See wells 66, 67, and 68 in
table of water analyses.) In 1930 the city of El Paso drilled a well
660 feet deep, at the corner of Leeds and Crockett Streets, about 0.6
mile southwest of the railroad wells (100 feet lower), and found water
unfit for public use. Tl'ley reported “bad water” from 246 to 291 feet,
water containing 264 parts per million of chloride at 500 feet, 207 parts
per million at 509 feet, and 204 parts per million at 550 feet. It is
———— - ' \

2 Slichter, C. 8., Observations on the ground waters of Rio Grande valley: U. 8. Geo!. Survey
Water-Supply Paper 141, p. 20, 1905.
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evident from this that water containing a moderate amount of cl'loride
was present in the neighborheod in 1930. Probably heavy pumping of
the railroad wells in recent years has brought in more highly mineralized
water from a short distance away. The source of contamination is
probably near the water table, but it may be near the bottom of the well.

WELL CONSTRUCTION
METHODS OF DRILLING WELLS

Numerous methods are used for drilling wells, each of which was
- developed to meet certain particular requirements as to the character of
material to be penetrated, and the depth and size of wells desired. "
Various methods are rather fully described by Bowman.? The chief
methods for drilling wells in the El Paso area are the cable tool percus-
sion method, the hydraulic rotary methed, and the jetting method.

The cable tool percussion method, commonly called the cab'e tool
method, consists of striking a succession of sharp blows against the
bottom of the hole with a bit to loosen the material, which with water
added from time to time forms a thin mud that is removed at intervals
by running a bailer into the hole. In exceptionally loose material the
well may be sunk entirely by use of the bailer. The drill bit is the lower
part of a string of tools attached to a cable. The rig for manipulating
the cable and tools may be portable or nonportable, depending upon the
size and depth of the well to be drilled. The cable tool method is
usually the most effective in drilling in hard rocks. It is not so effective
" in drilling in soft, caving rocks or through loose sand and gravel bacause
it is necessary to case the hole as fast as drilling proceeds to prevent
caving. In drilling through material that caves the casing rests on or
near the bottom of the hole and is forced down, if necessary, by driving,.
When, owing to caving of the material, the casing becomes locked; a
string of smaller casing is placed inside the larger casing and tk< hole
continued smaller in size. Several reductions in diameter may be
necessary in drilling a deep well. Where it is necessary to shut off
highly mineralized water, the annular space between two strings of
casing is commonly closed by inserting a ring of lead, which i~ then
‘tapped into place. The resulting seal is not generally satisfectory,
because if the lead is tapped too lightly it does not expand sufficiently
to close the opening, or if it is tapped too hard it causes the outer casing
to split. Swedged nipples would be more satisfactory to join casings
of different sizes, thus forming a continuous string of casing. The
cable tool method is used largely for drilling wells for stock on the Mesa
and for drilling shallow stock and domestic wells in the valley. Because
of its portability this method of drilling has considerable advantage over
other methods in the Mesa area. - It is not satisfactory, however, for
drilling large-diameter, deep wells in the El Paso area.

The hydraulic rotary method consists of rotating continuovsly a
cutting tool or bit screwed to the lower end of a string of hollow drill
rods, which serve as a drive shaft to force the bit to rotate and also
to conduet drilling mud to the bottom of the hole under pressure.
The drilling mud returns to the surface through the annular space
between the wall of the well and the drill pipe and carries the cuttings
with it. 'The cuttings settle out in a settling basin from which the' maud

s Bowman, Isaiah, Well-drilling methods: U. 8. Geol. Survey Water-Supply Paper 257, 1011, -
! \

[
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is recirculated. The mud, also enters the walls of the well and pravents
their collapsing, so that with this method it is usually not necesrary to
case the well, except near the surface, until the drilling is combvleted.
The standard rig for manipulating the drill bit and drill pipe for drilling
large-diameter holes is not portable, but a portable rig that may b= used
for drilling small-diameter shallow holes is now on the market.

The jetting method combines the percussion features of the cal'e tool
method with the hydraulic features of the hydraulic rotary method.
The cutting tool or bit is attached to holiow rods and is designed so that
the mud emerging from it under pressure acts as a hydraulic jet in
loosening material at the bottom of the hole. When harder formations
are encountered the bit is raised and lowered so that it strikes a'succes-
gion of sharp blows against the bottom of the hole, thus loosening
material. The cuttings are carried to the surface in the drilling mud.
The bit and rods are rotated by hand. The jetting rig is portal'a and
is therefore adapted to drilling small shallow wells. Tt drills veells in
unconsolidated material in a remarkably short time, but is not adapted
to drilling deep, large-diameter wells or to drilling through hard rocks
or beds of gravel. .

CASING AND SCREENING WELLS

All wells in the El Paso area must be cased either during or irunedi-
" ately after drilling; otherwise the walls of the well would cave. Likewise,
sereen or perforated pipe must be placed at the level of the water-
bearing sands to let the water in and to prevent caving. In arers such
as the Mesa, where all of the water is potable, the casing is used only
to keep the walls from caving, but in areas where the water is highly
mineralized the. .casing serves also to shut off the mineralized water.
Since this water is corrosive, special precautions must be taken to pre-
vent the corrosion of the casing at the level of the highly mineralized
water. Therefore, before a permanent well is drilled, a test well should
be drilled and a careful log kept of the formations encountered. True
samples of the water from each water-bearing bed should be ob+ained
and analyzed. | If the log and the analyses show that it is practicable
to develop a well at the desired locality, but that highly mineralized
water oceurs in the upper part of the well only, the hole should be drilled
large enough to permit the insertion of casing without dragging against
the sides of the well, and casing should be set opposite the sands con-
taining highly mineralized water. The casing should be coatel with
.coal-tar pitch or bituminous mixture and wrapped in heavy peper or
light canvas to protect the coating from scratches while it is being
lowered into the hole, or better still, three or four thicknesses of paper
or inorganic fabric should be wrapped around the casing with a coating
of coal-tar pitch or bituminous mixture on the casing and between
layers. For a full discussion of this subject see some of the recent
treatises on corrosion by Spellert and others. Each joint sholild be
coated and wrapped after it has been made up and the pipe tongs have
been removed.5 Before the casing is lowered, the hole should-b~ filled
- with mud as thick as the pumps can handle., If the well is properly
cemented, protection against corrosion is afforded by the use of cement

¢ Speller, F. N., Corrosion, causes and prevention, McGraw-Hill, 1935,
¢ Livingston, Penn, and Bridges, T. W., Ground-water resources of Kleberg County Tex.: U. S.
Geol. Burvey Water-Supply Paper, 773-D, p. 219, 1936. .

‘
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around the outside of the well casing. In the El Paso area, however,
cementing has not been entirely satisfactory, partly because settling
causes the cement to crack and allows water to reach the casing, and

. partly because of the difficulty of surrounding the casing with enough
cement.

If a bed containing highly mineralized water is found between beds

_containing fresh water, the well must be drilled much larger and 2 large-
diameter casing cemented in place opposite the bed of mineralizec' water
to effectively exclude it.

Screemng or perforated pipe is made up in a vanety of ways, in
brass, iron, and other metals.. Common practice in the El Pdso area has
been to burn slots about 14 of an inch by 6 inches in ordinary casirg with
a blow torch. Much of the finer sand eannot be held out by such wide
slots and the mill scale left by burning with the torch corrodes easily,
thus enlarging the opening still further. By using special care slots as
narrow as ¢ inch can be cut with a torch.® A metal-cutting saw would
cut slots narrower but much closer together and would result in a more
satisfactory job. Wire-wrapped screen and slotted-brass screen has
apparently not proved particularly satisfactory, partly becaue the
small openings are rather quickly filled with mineral deposits from the °
water and partly because of rather rapid corrosion between tte iron
casing and the brass screen, due to galvanic action. Shutter screen
has been used somewhat more successfully. In view of the experience
in the El Paso atea, only screens made of corrosion resistant metals
should 'be used.

The principal purpose of the screen, aside from permitting water to
enter the well, is to keep the sand out of the well. Screens should
therefore be selected with reference to the size of slot that will keep out
the major part of the sand and still permit water to enter. Conse-
quently, since very few beds of sand are exactly alike, the size cf sand
il:\1 ea,ctél bed should be determined before the screen for that bed is
selected.

GRAVEL PACKING

After the casing and screen are set, the well is developed, that is, it
is pumped to maximum capacity and surged to draw as much of the fine
material as possible from the sands. The coarser material collects
around the screen where the velocity of the water entering the well is
highest, and the sand is graded, becoming finer away from the well and
finally merging with the undisturbed sand. After the developrient is.
completed the well should not be pumped at a rate greater than ‘about
two-thirds of the developed capacity. This rearrangement of the sand
is called natural gravel packing. It is very successful when screen slots
of the proper size are used and where the sands are moderately. coarse
or contain a considerable percentage of coarse material. It is generally
. not satisfactory where the sands are composed largely of fine, uniform’
material, because in order to hold out the sand, the slots must be
excessxvely fine and therefore permit only small a,mounts of ‘water to
enter. If larger slots are used, too much sand enters the well, causing
wear of pumps and equipment, and eventually so much sand may be
drawn into the well that the walls collapse. All of the city wells are .

¢ Livingston, Penn, and Bennett, R. R., Ground-water resources in the Big Spring srea, Tex.:
U. 8. Geol. Survey Water Supply Paper 913, (in press).
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reported to pump large amounts of sand. The older Wells at Fort
Bliss also pumped considerable sand and have apparently eollapsed;
at least their yield has been suddenly and very materially de-reased.
It is therefore believed that where relatively large yields of w~ter are
required the sands at El Paso are not of the proper texture to form
effective natural gravel-pack wells. This belief is supported by the
fact that in the three test wells drilled during the investigation no sand
was encountered below the water table that contained sufficient coarsé
material to build up a, natural gravel pack around a well sereen con-
taining slots of the size used in the El Paso city wells. Probably,
however, if smaller slots were used, an effective natural gravel pack
would be formed, but it is likely that the yield of the wells would be
materially reduced.

Artificial gravel packing consists of mtroducmg around the screen
gravel, usually carefully graded to a size determined by the mezhanical
analysis of the sand, The gravel commonly used is of pea to buckwheat
size. After the surface or pump-pit casing has been set in place and the
hole drilled to the final depth, the screen with attached casing is lowered
into place and centered in the well. Gravel is then fed into the annular
space between the well screen and the wall of the hole while the well is
pumped slowly. After the well has been filled with gravel above the
point at which the outer casing is set, pumping is increased, and
the development of the well proceeds in the usual manner. After the
development is complete a permanent pump is installed, whick. should
have a capacity of not‘more than about two-thirds of the developed
capacity of the well.

Well 50 (city well 1) is reported to be of artificial gravel-wa.ll con-
struction. It is said to yield as much sand as any of the other city wells.
However, this well was sunk in 1917 when the technique of gravel-wall
construction was in the early stages of development. Facts are not
available to determine if the sand pumping is due to defective construc-
tion or to pumping the well at an excessive rate. On the other hand,
well 18 (Ciudad Juarez well 3), drilled and gravel packed in 1934,
yields 1,800 to 2,000 gallons a minute with a negligible amount of sand.
Well 75 (Fort Bliss well 5), drilled and gravel packed in 1931, yields
about 1,100 gallons a minute and according to Mr. Halverson, the plant
engineer, yields practically no sand. Both of these wells were dnlled
by the same company that drilled well 50.

Artificial gravel packing probably will largely correct the excessive
pumping of sand from the El Paso wells. It should also increase the
yield of individual wells, and as the gravel acts as a support to the walls
of the well, it will prevent the caving, with the consequest decrease
in yield attendant upon it., It is recommended therefore that new
city wells be of artificial gravel-wall construction. It may be mentioned
that satxsfa.ctory gravel-wall construction requires considerable skill and
long experience in drilling, and work of this character should therefore
be done only by thoroughly qualified men. .

CONCLUSIONS ..
Assuming that the average thickness and specific yield of sands in
several wells widely. spaced would approximate the actual average

thickness and specific yield of sands in that part of the Me-a area, .
computatlons were made of the amount of water that would be recovered
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fmm storage if, for a distance of 10 miles north of the Mesa field, the

water level in a series of wells were drawn down the same amount as the

water level has been lowered in the Mesa field. It was found that

768,000 acre-feet of material would be unwatered, and if the material

had a specific yield of 17 percent, 130,000 acre-feet, or 42 billion gellons, -

~ of water would be recovered, which would be equa,l to about 11.5 million
gallons a day for a period of 10 years. This water would supplement
water that is supplied to the reservoir by recharge, which is believed to
average about 10 to 15 mllhon gallons a day. = A comparison of the total
pumpage in the Mesa area since 1906 with the volume of the cone of
depression formed by the pumpage indicates that between a third and a
fourth of the total pumpage has been taken from storage and that the
remainder has come from recharge.

In considering the problem of developing new well fields or increasing
the pumpage from the old fields, consideration must be given to the
probable thickness and permeablhty of water-bearing materisl, the
relation of the fields to recharge areas, the possibility of contamination
from adjacent areas, the static water level, and the cost of pipe-line
connections.

The La Mesa area west of the Franklin Mountains does not appear to
be a promising source for large ground-water supplies. The water-
bearing materials are, in general, rather fine, and pumping lifts would
be greater than on the Hueco bolson.

Because of the possibility of salt-water contamination in the El Paso
valley, new developments there are not advisable except when absolutely
necessary.

It is not advisable to extend the Montana field toward the east,
partly because of finer materials there and partly because any extension
of the field in that direction would necessitate drilling near the Mesa
rim in an area in which salt water exists and which is alrendy over-
pumped. In fact, the pumpage from the Montana field sheidd: be
decreased, and pla,ns should be made that will permit the abandmment
of the ﬁeld if this should become necessary.

In the Bl Paso Valley, beds yielding somewhat highly mme"ahzed
water overlie the beds that contain fresh water. This constitutes a
source of possible contamination that must be carefylly consideved in
making plans for pumping existing: wells and in developing new ones.
Most of the wells within the valley are drawing chiefly from fresh-water-
bearing beds and also from one or more of the beds containing highly
mineralized water, but there does not appear to be a general contamina~
tion of the fresh—water beds. However, contamination may ocour
either by interchange of water through wells that have leaky casings
opposite the highly mineralized beds, or. it may occur by transfer of
water by circuitous routes around the ends of impermeable bec'y as'a
result of large differences in hydraulic head between the beds. e

' No heavy pumping of the upper, highly mineralized water is bemg
done ‘at the present time, except from the El Paso drainage wel' (well
10), but in order to keep the head of this water as low as possible, the
construction of shallow wells for pumping. this water for all purposes
that do not requite water of good quality should be encouragec. All

. abandoned wells should be effectively sealed from top to bottom. .The .
program for rectifying the Rio Grande below El Paso has and . will
undoubtedly further lower the bed of the river at El Paso. This lower-

" ing-will also Jower the level of the shallow ground water. .



‘CONCLUSIONS S99

The beds yielding highly mineralized 'water in the valley are at.the
same level as the beds yielding fresh water beneath the Mesa, and are
présumably connected with them. It is likely that excessive lowering
of the water level beneath the Mesasnear the Mesa Rim will cause the
highly mineralized water to move under the Mesa. In fact, this
appears to have occurred to some extent in the Texas and New Orleans °
Railroad Co. wells at the edge of the Mesa.

Developments to the east of the Mesa field are not promising: partly
because the area contains somewhat finer sands, partly because the
depth to water, and therefore the pumping lift is greater, anc partly
because the formation of a cone of depression in that area will ten to cut
off a part of the recharge that is moving southwestward toward the
heavily pumped areas south of the Mesa field and in the El Paso Valley,
thus further increasing the difference in head between the fresh-water
and the salt-water beds. The area north of the Mesa field 48 more
promising because it should contain the coarsest, thickest, and most
permeable sands, because it is close to the area of recharg: along-
the Franklin Mountains, and because since it is the lowest par* of the
Mesa area, the static water level should be closest to the surface in this
area. It is not possible to predict the thickness of the sand at any one
site, or the yield of a well drilled at the site; 'but it is believed that
sufficient water-bearing material for developing a yield of several
hundred gallons a minute will be encountered in wells drilled in this
area. It may be necessary to be satisfied with yields that are less
copious than those of wells that are producing at present.

The small dams which have recently been -built in the canyons in
the southern part of the Franklin Mountains probably will: serve to
increase the amount of reécharge, and additional dams in the canyons
north of McKilligan Canyon probably would serve a similar purpese.”

Since the completion of the main ground-water investigation at
El Paso.a continuing program of observations is being carried on jointly
by the Federal Survey and the city. Each city well and each private
well in the danger zone, which has been sampled for analysis during
the investigation, is being sampled twice annually, and the syccessive
analyses are being compared to determine whether the mineralization
has changed. Data on water-level fluctuations in all the city wells
and in all the observation wells that have been measured during thi§
investigation, as well as data on pumpage from all wells of large yield
in the area, are being obtained at monthly intervals. All the city wells,
both new and old, are equipped with a }4-inch pipe extending from the
surface to a considerable distance below the pumping level so that water
levels may be measured at any time with a steel tape. The records
thys obtained are being studied to determine the amount of r~charge
and the life of the reservoir. It is expected that reports on the results
of these studies will be issued from time to time. -
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WELL LOGS

18. Ciudad Juarez well 3, near Hipodrom
[A concrete plug was placed from 505 feet to 656 feet]

Thick-
ness

(feet)
ol ________ . 2
Finesand._____.______________ 20
White sand 51
Fine sand._. 24
S8and and 21
Sand. ..o 23
Sand and gravel 3(2’
qam:l and gravel ....... 23
Sand and clay.-_-,_._,__“_", 28

21. El Paso well 10, South
[Devpth of well in use, 650 feet]

Campbell and 6th Streets

50 50 || Sand 54 522
16 66 Sand 1 523
6 72 || Sand-. 13 536
152 224 Clay 4 540
5 229 || Coarse sand and boulders_..._ 24 564
108 § 337 || 8and and rock 1 566
] 343 3 568
44 387 60 626
6 393 1 627

1 394 2 629

6 400 2 631

1 401 22 653
15 416 4 657
4 420 Sand and gravel______ —— 10 6867
33 453 Hard sand androek.. ... ... 1 668
5 453 || Clay- - el 4 672

6 464 Coame sand and boulders....._ 37 709

4 468 || Sand_.-___.________._..___. 98 807

El Paso well 1, Montana and Madison Streets

50.
[Cement plug placed 680 feet to

1,023 feet. 1314-inch sereen set at 485-605 feet; 695715 feet, and
775-815 feet]

Surface sand-_ .. .. .. ... 38 38 1| Toughelay . ______._____ 3 563
Fine gravel andelay__.______._ 5 43 || Sand and boulders__.....____ 13 576
Sandyelay___________________ 38 81 || Toughelay. oo oo . 8 584
ard clay_ . .ol 3 84 | Sandeo o oo 20 604
Sandy elay. 41 125 || Soft clay and gumbo.. 6 610
Hard clay-_ 18 143 || Hard gumbo.. 16 626
Sandy clay. 9 152 || Rock and shal 13 639
Clay and gr: 8 164 ock ____.___ 2 641
Hard clay-_ 4 168 || Clay and boul 9 650
Sandy 12 180 || Gravel and boulde: 11 661
Clay and 3 183 || Gumbo and elay._ 30 | 691
Sandy elay. . .__. 30 213 || Gumboand elay-—covonuuco. 2 693
Hard elay. . .._______ 4 217 || Sand, gravel and boulders..._ 11 704
Sandy clay______________.___ 6 223 || Hard shale_...._. e 4. 708
bo_. ... 4 227 || Boulders.... ————- 13 721
Clay.and gumbo._. 7 234 || Sandy ela ——— 3 724
Y e e 10 244 || Clay and ——— 4 728
Sandy clay...._. 14 258 || Gumboo. oo o .. ———- 3 731
Clay and gumbo. 10 268 || Boulders and clay... ——— 15 746
Packed sand_______ 27 295 || Hard gumbo..__.__ ——— 7 753
Rock and boulders. 4 299 I m—- 3 756
Clay oo 6 305 Sa.nd and sand roek_.._....._ 14 kiil]
Sandyclay___________________ 12 317 || Roekoceeno oL . ———— 5 775
Boul ers and sand rock____.__._ 2 319 Sand and gravel_______._._.___ 14 789
Sandy elay_____ .. _ . __._.__ 5 324 || Gravel and boulders.__ e 21 810
Sand and boulders ............. 20 344 || Clay and gumbo._...._._ ... 5 815
_________________________ 4 348 || Sand, gravel and boulders 12 827
Hard oy e 7 355 || Clay and gumbo._____ 12 839
Sandy clay. 8 368 || Gravel and boulders 12 851
Sand 13 376 umbo__._______ 4, 855
3 379 || Gravel and boulder 22 877
21 400 || Clay and boulders 9 886
7 407 || Sand and gravel._ '8 894
38 445 || Clay and gumbo . 3 897
5 450 ||. 8and, gravel and buulders 26 923
4 454 4 927
.3 457 15 942
2 459 19 961
Sandy elay__ __ 2 461 12 973
Sand and clay.._.__.____ 22 483 14 987
Clay rock and boulders.___ 2| 485 10 997
Sand and gravel_..__.___ - 40 525 1 008
Clay ahd gumbo_______________ 21 546 Sand, gravel and boulders., ... 25| 1,023

Sand, gravel, and boulders_...._ 14 560
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56, Pasotex Petroleum Co. water well 1, 0.4 mile northeast of Ascarate

7

Thick- - Thick-
ness | Depth glneps Depth .
! Ft, in. |[Ft. ¢n. Ft. in.|Ft. <n. .
Dry surface material___ 96 5|96 5 7 1398 3
a; 5 13 411 3
4 9 5 416 3
[ 33 8 |449 11
6 3 456 11
3 10 466 11
4 7 7 9 474 8
7 2 38 9 1513 5
2 27 9 641 2
9 11 45 2 {586 4
9 8 3 8 (590

215 4 350
0 6 356
3 359
4. 363
1 364
Sand and gravel with clay breaks 55 132 4" 368
Sand and gravel 10 142 '3 371
Sandy clay...... 15 157 37 408
9 166 20 428
5 171 7 435
13 184 441
10 194 16 457
15 209 1 458
1 210 9 467
10 220 13 480
v 20 240 3
2 242 11 494
12 254
12 266 10 510
294 514
15| 20415 26 540
o 1615 311 2 542
Sandy elay_ .. ... - 10 321 6 548
Fine sand__.__.____ 5 326 lay 2 550
Sandy elay ..o oo _.___ g 335 Sand (water test) .- .. 16 566
Coarse sand and gravel._ 2 337 Sandy clay. R 11 577
1Ay e 9 346 Sand-__..____ —— 12 589
Clay ....................... 11 600

!

Clay and sandy clay.__...__._ 13 312
Medium sand grading down-

ward into sandy clay. ... __ 15 327
Clay 24 351
2 353
2 355
.15 370
1 37
6 37
6 /383
1 384
23 407
416
23 439
23 462
11 473
33 506
1(7) 516
59 582




102 GROUND-WATER RESOURCES, EL PASO AREA, TEX.

76b. ElPaso test well 8 (finished as El Paso test well 15)
of Wilso

1

n Road and Pistol Range Road

about 200 feet southwest of intrsection

Thick-~

Thick-

! Depth Depth
(footy | (feet) (foety | (feet)
Sa.ndi 2 2 23 573
Calic 6 8 27 600
Coarse sand and gravel ________ 70 78 24 624
20 98 3 627
20 118 24 651
100 218 16 667
8 226 1 668
18 244 8 .676
14 258 12 688
12 270 15 703
17 287 27 730
25 312 '8 738
15 327 10 748
17 344 10 758
6 350 44 802
82 432 12 814
15 447 Cluy (water 88mple)caeeee.. . 21 835
4 451 || Sand (static' hea 226 feet). .. 28 863
15 878
50 928
10 938
60 998
25 1,023
55 1,078
Surface asnd, etc. 35 5.
Coarse gravel. 3 5
Sand, gravel. 21 559
Sand, clay.-.. 565
Sand, boulde 36 601
4 605
13 618
4 622
lé 633
23 ) 636
3 6 642
22 3 645
13 10 655
22 3 658
5 Sand. gravel, boulders ........ 17 675
Boulders, sand, gravel __________ 23 412 | Sand, rock- - Lo 1 676
Sand, roc 1 413 || Sand, gravel..._.._________. 22 698
17| 430 || Clay o an i cmccccccaeoo 3 701
6 Sand, gravel._ ... _____ 14 715
19| 455 || Clayom oo 3 718
15 Sand, gravel__ 14 732
5| 4751 Clay._.____... 4 736
7 Sand, gravel.. 29 765
3! 485 | Clay__..._. 2 767
7 Sand, rock._. 1 768
1 Sand, gravel, 5 773
.25" Clay, bottom..._..__.____ - 7 780
11, Wilson Road !
4 414
‘54 468
3. 471
1 472
22 494
5 499
29 528
5 533
57 590
12 602
26 628
3 631
57 688
4 692
- 14 708
Sa.nd, gravel, and boulders____ 50 758
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78a. El Pase test well 6, 35 mile north of well 78 on Wilson Road

103

Thick-

Thick-
‘Depth Depth
(?::5) (feet) (?:::) (feet)
.......................... 14 14 || Sandy clay 5€ 445
Sand a.nd caliche_._______.____ 4 18 || Clay._._._. € 451
_________________________ 34 52 || Sandy cla; 14 465
Clay and gravel 6 58 || Clay and 1€ 483
Clay oo 13 71 || Sand oo v 8 486
Pac sand 71 142 Hard sand and shale 1€ 505
37 179 || Sandy shale 27 532
25 204 || Hard shale 67 594
16 220 || Sandy shale and boulders_..__ g 605
Y. 4 224 || Packedsand. _____..____ - £ 610
Layers of clay andsand.... ... 30 254 || Packed sand and shale. — E 615
Sandy clay Boulders.____._______ 2 , 617
Sand Rocke oo ] 618
Hard shale and sand. - 4C 658
Hard shale. M1 69
Sandy shale 61 760
Shale oo 71 | 880
Mesa field, well 5
10 , 10 || Stratified clay 41 953
28 38 || Stratified clay (hard).._ 37 . 990
4 42 || Clay, fine sand. 1C 1,000
8 50 || Stratified clay. 3C 1,030
2 52 || Brown sedtment clay (bard)._. 42 1,072
12 64 || Soft sand, roek.—._.._.____.__ 4 ,076
42 106 || Brown clay (very hard)_.___._. 83 1,159
Sandy clay (very hard) __.__. 30 1,189
44 150 || Sandy elay (very hard).____.. 109 1,298
30 180 || Dry gravel._._____..__._ - 12 1,310
Tough cla.y __________________ 50 230 || Clay oo - 251 1,561
Fine sand and water... 8 238 || RoCKeaoomoaccc e - 57 1,618
Water sand and water. 8 246 Soft roek. o _iooaiooo - 54 1,672
ow clay. 8 254 || Roekeoomeo oo 86 1,758
Sand....._._ 8 262 Hard and soft seams of rock. . 33 1,791
Yellow ‘clay. 56 318 || RoCkeaoom oo eeni 49 | 1,840
Fine qulcksand (probably water) 14 332 Clay (very hard)-—e oo 13| 1,853
Hard yellow elay. oo oo o 44’ 376 || Sandstone (supposed) 30 )
Sand and kidneys of clay (prob- Hard formatxon—(conglom~
ably water) ... ... _. 14 390 erate) 23 1,906
Quicksand’ and water 18 408 Koo 39 1,945
Sediment 39 447 Hard form:
Sandy clay. 3 450 35 1,980
Clay.... 40 490 Hard formatmn (hard
ard cla; 118 608 supposed) 28 ,008
Joint clay 22 630 18y oo 120 ,128
Hard clay (san 46 676 || Sand, rock-- 4 2,155
Sediment clay._... 44 720 Y - e r e 130 ,285
Stratified clay. 148 868
Sandy clay..._. 2 870
Clay ... et ———— 42 912
106. El Paso, Old Mesa field, well 26 .
__________________________ 3 3 35 311
_______ 4 7 13 324
....... 4 11 12 336
_______ 10 21 20 356
.................. -7 28 15 371
_____________ 13 41 10 381
....... 10 51 5 386
[0 78 S, 25 76 15 401
Sand...oo . 5 81 7 408
ClaY e e 10 91 15 423
10 101 9 432
8 100 6 438
10 119 13 451
12 131 10 461
20 151 5 466
14 165 8 474
11 176 42 516
10 186 50 566
19 205 10 576
6 211 5 581
] 216 13 504
8 224 2 596
12 236 15 611
10 246 2 .613
15 261
15 276
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136. El Paso and U. S. Geological Survey test well 3, 5.6 miles north of Wilson Foad .

Thick-

Thick-

Depth Depth
ness ness
(feety | (Feet) (feety | (feet)
[0 18 S L SO 4 4 Clayey, silty sand ... ___.. 39.5 293
Sandy elay ... __._____.__.__. 6 10 Fine sand 30 323
Sand, coarser toward bottom.__. 36 46 Coarse sand 13 336
Clay 2 48 Clay with thin beds of sand. . 24 360
24 72 Fine sand 23 383
11 83 || Sand-.._....__ 5 388
3 86 3 391
24 110 || Sand._._..___ 8 399
9 119 15 414
23 142 || Clay_.______.____ 7 421
6 148 11 432
23 171 7 439
19 190 5 444
14 204 3 ¢ 447
13 217 13 460
3 220 4 464
3.5 223.5 17 481
15.5| 239 9 490
3 242 2 492
6 248 8 500
5 253
0.5| 253.5
140. Southern Pacific Lines well 3, pump house at Newman, N. Mex.

300
304
308
312
350
360
380
398
400
470
476
500
509
514
529
541
573
Sandy clay (water) 589
34 264 || Sand and boulders._ 18 607
17 281 || Sandy elayieeo_______ - 12 619
4 285 || Sand and gravel (water)._.____ 11 630
11 296 || Sand and elay....____._ . ____ 6 636
3 299 || Sand and bnuiders ........... 26 662
20 319 {| Sand and gravel__.___________ 11 673
10 329 || Sedimentary rock__._____.____ 2 675
3 332 || Sandand clay___..._.__._.__ 6 681
13 345 || Sand and boulders. 12 693
30 375 || Sandy ¢lay weooo o 9 702
28 403 || Sand, rock . ____ . _____._._ ' 5 707
andelay______________.___ 7 410 || Sand and boulders 67 774
s?’d and boulders. 11 421 || Sand (water) . 20 794
9 430 || Sand, rock.._________ .. _.__ 4 ‘798

-t
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Cinco Minas Co. well 1, SW1 seé. 24, block 80, Township 1, 1.6 mifes south of Kewman, N. Mex.

~

Thick- Ihick-|
Depth Ilept
e ness
| (foety | (feet) (feet) | {Tect
i
100 51 1,820
65 35 1,853
165 15 1,870
20 60 1,830
16 5 1,985
19/ 1856 2,100
25 5| 2,105
46 68 2,173
13 12| 2,185
5 15 | 2,200
Conglomerate. ... ... ... 18 2,4
Hard packed sand-.-_._____.__ 16 50 2,300
Gumbo. oo 8 49| 2,349
Hard packed sand-___.____.___ ol |- 2,400
Broken lime___....___ 28 | 2,428
%bale and boulders. _ 5§ %.280
68 2,556
40 2,596
34 ,
6] 2,636
10 | 2,646
12 2,858
40 | 2,698
12 2,710
14 2,724
10 2,734
31 2,765
13 2,778
25 803
20| 2,823
51 2,828
7 2,835
8 2,843
30 | 2,873
Broken lime__.____. 37 2,010
Clay and boulders 20 2,930
“Hard lime..______._ 51 2,035
41 2,9
............... 27 2,966
108 | 3,074
............... 6| 3,080
22 | 3,102
5 3,107
________ 21 38,100
........ 31 3,140
5 3,145
97 | 3,242
1 3,243
.............. 16} 3,250
2 3,261
--------------- 2 3,263
______ 41 3,267
51 3,318
6 3,324
6| 3,330
1 3,331
47 3,378
3 ,381
91 3,472
b 31 3,475
Lime 2 3,477
Shale. . _ o e Shale and gumbo__.________. 533 4,010
ton, Dona Ana County, N. Mex.
Calich€.oocoovn e 25 25 2F 540
Sand and gravel....______ 75 100 45 585
Fine sand. ... ——— 150 250 43 628
Sand and ealiche______ . __ 20 270 Coarse sand and clay__. 27 655
Finesand- oo 26 296 || Redelay ... ____.___________ 47 702
Red clay with fine sand___ 31 327
Fine sand (water) _________._..__ 188 515
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Suutham Pacific Lines old well 1, at Strauss, Dona Ana County, N: Mex.
[Well later plugged back to 950 feet] .
Thick- Thick-
fness %2‘3?? ness %‘é‘éﬁ?
(feet) (feet)
Sand-- ... 3 3 b5 523
Sandy soil.... .. _________._. 3 6 4 527
Caliche. - .. _._.__ 6 12 3 530
Sand__.____. 8 20 Yellow and blue clay. 10 540
Yelow clay. 85 1056 || Black sand. 70 610
Cemented san 15 120 || Blue clay.. 200 630
Black sand. 20 650
Blue and re 120 770
Black sand. 0 | 830
Yellow ola; 40 870
Black sand. 25 { - 895
45 940
10 950
30 980
10 990
20 1,010
1,015
20 1,085
5 1,040
1,080
10 1,090
35 1,125
15 1,140
10 1,150
125 1,275
.50 | 1,325
2 1,327
3 1,330

Valley, at Country Club, 1.6 miles wert of
nd Inn

Broken gravel and
Coarse gravel and sand... -
Very coarse gravel and sand

(water test) ..o ______.
vael broken shale and sand__

Fine sand (brown).._.....
Sandy shale (blue)_...._._ -

Black lime (very
Lime broken with coa.rse gravel-

Hard gray lime_ o _..____.. i1 ¢
Sandy limestone v 8 964
Blue lime.. ... ... __ 3 957
Blue lime with sand sea 6 063
Solidified lime {very hard) 1] 964
Sandy limestone_-...__ 1 085
Blue lime_.._.__._ - 2 967
Silicious lime._ .. 3 970
Blue lime._._._. - 4 974
Silicious lime.— ... __..._..... 3 77
Blue lime with sand seam____ 9 988’
Hard quartz_ o __.____ 3 989
Blue lime with sand seam..... 8 997
Cemented sand. - ... ... 7 1,004
Blue lime with sand seam_.... 3 1,007
Yellow clay and sand seam—-
gemall flow water) ... 10 1,017 -
Soft ydllow sandstone. . - 9. ,026
Blue limestone..._._... 1 1,027
Clay, soft sandstone.._ 7.1 1,084
Clay and yellow sand.. 3 1,037
Soft sandstos 20| 1,057
.5 1,062
2 ,064
10{ 1,074
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RECORDS OF WATER LEVELS IN OBSERVATION
WELLS IN EL PASO AREA

, [Depths to water levels are referred to the measuring points described; altitudes of the water levels are,
* refer red to mean sea level U. S, Coast and Geodetic Survey datum] !

. El Paso Electric Co. well 2, Santa Fe and 4th Streets
[Measuring point, bottom of steel pump base, 0.6 foot below ground level and 8,708.69 feet abve mean

sea leveI]
iJ))naptéh Afltitutde - Deptbl; Afltitutde ) t?epi}: }}ltit\\tde
to water | of water . to water | of water water | of water
Date' level level Date level level Date level level
{feet) | (feot) (feet) | (teot) | GGeet) | (Feet)
1935 1936 1987
Aug. 20 6.73 | 3,701.96 || Nov. 9 8.11 | 3,700.58 || Oct. 13 8.556 3,700.14
Dee, 11 7.72 | 3,700.97 Dec. 17 13.28 | 3,695.41 Nov. 12 9.00 3,699.69
1936 - il 1987 Dee, 20 9.16 3,699
Jan. 13 7.86 | 3,700.83 || Jan. 1 12.35 | 3,696.34 1938
Feb, 13 7.73 ,700.96 | Feb. 2 13.36 | 3,605.33 || Jan. 13 9.05 3,699.
Mar, 16 13.07 | 3,695.62 || Mar. 1 14.06 3.695.63 Feb. 13 13.44 3,695.
Apr. 8 12,35 | 3,696.34 || Apr. 14 3,699.82 ,-11.85 3,696,
ay 15 . 9.09 | 3,699.60 || May 13 8.35 | 3,700.34 21 0.85 3,698,
June 11 8.08 | 3,700.61 || June 14 7.87 | 3,700,82 || Mar. 15 2.69 | 3,609,
July 13 8.81 | 3,609.88 || July 8.60 | 3,700.09 || Apr. 13 8.85 3,699,
Aug, 17 8.06 | 3,700.63 || Aug. 12 8.84 | 3,699.85 || May 16 8.49 | . 3,700.
Sept. 14 8.22 | 3,700.47 || Sept. 15 8.35 | 3,700.34 || June 19 11.56 3,697.
Oct. 19 7.96 | 8,700.73 ||

nhpopeis o

7. Bl Paso Electric Co. well 1, Santa Fe and 4th Streets

[Meastmng point, top of gteel pump base, 0.5 feet above ground level and 3,710.09 feet above mean sea
eve

1985 1936 1937

ug. 20 8.26 | 3,701.83 || Nov. 8 | 10.02 | 3,700.07 || Oct. 13 | 10.32 | 3,609.77
Dec, 11 9.26 | 3,700.83 || Dec. 17 AR I Nev.12 | 10.65 | 3,699044

1938 1987 | . , Dec. 20 | 10.70 | 3.699.39
Jan. 18 9.40 | 3,700.69 || Jan. 18 S 1938 o ‘
Feb. 13 938 | 3,700.71 || Feb. 22 S I |l Jan. 18| 10.64 | 3,600.45
Mar. 16 | 15.02 | 3,695.07 || Mar. 17 | 12.27 |'37607.827|| Feb. 14 | 14,14'| 3,695.65
Apr. 8| 14:48 | 3,695.61 || Apr. 14 | 1062 | 8,690.47 18| 14.50 | 3,695.59

ay 15 | 1069 | 3,600 40 || May 13 | 10.32 | 3.699.77 21| 11.84| 3,608.45
June 11 977 | 3.700.32 || June 14 9.87 | 3.700.22 || Mar. 15 | 11.34 | .3,698.75
July 18| 11.09 | 3,699.00 || July 7 | 10.58 | 3,699.51 || Apr. 13 | 10.44 | 3,6998.65
Aug. 17 | 10041 | 3,699.68 | Aug. 12 | 10.78 | 8,699.81 |[I'May 16 | 1Q.04 | 3.700.05
Sept. 14 | 11.05 | 3,699.04 || Sept. 15 | 10.18 | 3,699.91 || June 19 | 13155 | 3,606.54
Oct. 19 9.01 | 3,700.18 ‘

! Pump in opetation. No measurements taken.

8. El Paso Elettric Co. well 4, Santa Fe and 4th Streets
[Measuring point, top of 8-inch casing, 7.69 feet laboiie ground level and 3,716.31 feet above mean sea
. eve

Aug. 20 20.28 | 3,696.03 || Dec. 17 27.06 | 3,689.25 || Nov. 12 20.56 | 3,695.75
Dec. 11 21.79 | 3,694.52 1937 Dec. 20 20.58° 3,605.73
1936 Jan, 18 23.78 | 3,692.53 1988 '

Jan. 13| 21.71 | 3,604.60 || Feb. 22 | 24.22 | 3,692.09 || Jan. 13| 19.04 | 8,695.78
Feb. 13 22.23 | 3,604.08 Mar, 15 23.23 | 3,6903.08 || Feb. 14 . 21.61 3,693.21

Mar 16 26.30 | 3,6980.01 || Apr. 14 20.77 | 3,695.54 ||’ 18 20.78 | 3,694.04
Apr, ‘18" 23.91 | 8,692.40 ay 13 20.11 | 3,606.20 21 19.73 | 3,605.09

ay 15 21.17 | 8,695.14 || June 14 19,58 | 3,696.73 || Mar. 15 19.50 | 3,605.82
June 11 20.98 | 3,695.33 || July 7 20.55 | 3,695.76 || Apr. 13 19.27 | 38,695.55
July 13 23 41 | 3,692.90 Aug. 12 20.46 | 3,605.85 ay 16 19.46 | 8,695.36
Aug. 17 19.74 | 3,606.57 || Sept. 15 20.54 | 8,605.77 || June 138 23.18 | 8,601.64
Sept. 14 21.06 | 3,695.25 || Oct. 13 20.52 | 3,695.79 .19 21.11 | 3,693.71

9, Ef Paso Electric Co. well 3, Santa Fe and 4th Streets
Measuring point, top of steel pump base, 0.2 foot above ground level and 3,710.06 feet abcve mean

sea level]
1936 1936 1937 '
Aug. 20 9.77 1 3,700. 29 Nov. 8 11.05 | 3,699.01 || Oct. 13,] . 11.68 | 3,698.38
Deec. 11 10.65 | 3,699.4 Dee. 17 13.08 | 3,896.98 || Nov. 12 12.12 8,697.94
1936 1937 Dec. 20 12,16 | 3,697.90
Jan, 13 10.83 | 3,609.23 || Jan. 18 12.54 | 3,607.52 1938
Feb. 13 [, 10.77 | 3,699.29 || Feb. 22 14.58 | 8,695.48 (| Jan. 13 11,96 | 3,698.10
Mar, 16 16.03 | 3,694.03 {| Mar. 17 13.25 | 3,696.81 Feb, 18 15.49 3,694. 57
r. 8 16.23 | 3,693.83 || Apr. 14 11.71 | 3,698.35 12,96 3,697.10
ay 15 12.05 | 3,698.01 ay 13 11,17 | 8, Mar. 1 R 3,697.39
June 11 10.77 | 3,699 . June 14 10.70 | 3,699.36 ﬁfxr. 1 11.60 8,898.48
July 13 12.41 | 3,697.65 || July 7 11.85 | 3,698.21 ay 16 11.12 | 3,698.94
Aug. 17 12,19 | 8,697.87 || Aug. 12 11.66 | 3,608.40 || June 19 15.29 | 3,694.77
Oct. 19 11.35 | 3,698.71 {| Sept. 15 11.27 | 3,698.79 .
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10. El Paso drainage well, 4th and Oregon Streets .

[Diameter 20 inches, depth 52.5 feet. Measuring point, top of casing, 0.5 foot above ground level and
3,708.35 feet above mean sea level]

 Depth | Altitude Depth | Altitude ' Depth | Altitude

o water | of water to water | of water o water | of water

Date level level Date level level Date level level

(feet) (feet) (feet) (feet) (feet) (feet)

1933 1938 1939

Apr. 8 Aug. 17 11.56 | 3,6906.79 || Jan, 24 25.44 3,682.91
1938 Sept. 15 10.74 | 3,697.61 Feb. 20 10.82 3,607.53

‘I\Afr. 16 10.13 | 3,698.22 || Oct. 24 10.29 | 3,698.06 Mar. 21 12.19 3,696.16
ay 20 9.84 | 3,698.51 Nov. 18 10.31 | 3,698.04

July 17 12.85 | 3,695.50

1 Pump in operation.

13. Ciudad Juarez well 2, Mariscal and Primera Streets

[Measuring point, top of steel pump base, 0.6 ioo}, abﬁve ground level and 3,755.83 feet above mean
sea level

j i
1935 1935 | 1937
Aug. 27 62.39 | 3,603.44 || Dec. 11 62.76 | 3,693.07 || Apr. 12| 64.34 | 3,691.49

19. El Paso Milling Co., Kansas and 11th Streets.
{Medsuring point, top of casing, 14.6 feet above ground level and 3,721.67 feet above mean sea level}

1935 - 1936 1937
Aug. 23 27.19 | 3,694.48 (| Sept. 14 28.79 | 3,692.88 || Aug. 12 28.60 3,693.07
Qct. 25 28.75 | 3,692.92 || Oect. 19 27.81 | 3,693.86 Sept. 15 27.78 3,693.89
Dec. 13 27.08 | 3,694.59 || Nov. 9 27.72 | 3,693.95 || Oct. 13 27.56 3,604.11
1936 1987 Nov. 12 27.37 3,694.30
Jan. 13 694.75 || Jan, 18 (SR P, Dee. 20 27.32 3,694.35 .

693.09 || Feb. 22 28.61 | 3,693.06 1938
693.17 || Mar. 17 28.80 | 3,6902.87 || Jan, 13 27.62 | 3,694.05
. Apr. 15 29.93 | 3,691.74 || Feb. 14 28.05 | 3,693.62
691.57 || May 13 28.70 | 3,692.97 {| Mar. 15 27.53 3,694 14
) . 692.86 || June 14 28.15 | 3,693.52 i&/[pr. 15 27.60 | 3,604.07
July 14 39.76 681.91 || July 7 29.03 | 3,692.64 ay 16 . , .
Aug. 17 37.78 683. 89 June 13 29.14 3,692.53

1 Pump in operation. No measurements taken.

21. El Paso well 10, Campbell and 6th Streets

[Measuring point, floor of pump house, 2.6 feet above ground level and 3,707.45 fe<t above
mean ses, level]

>
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1934 1936 1937 | .
Dec. 22 18.17 | 3,689.28 || Oct. 20 21.74 | 3,685.71 || Aug. 12 21.70 | 3,685.75
1935 ‘ Nov. 9 21.11 | 3,686.34 || Sept. 15 | ~21.13 { 3,686.42
Sept. 11 18.90 | 3,688.55 || Dec. 17 21.38 | 3,686.07 || Oct. 13 20.58 | 3,686.87
Dec. 11 19.30 | 3,688.15 1987 Nov. 12 20.32 | 3,687.13
1936 Jan. 18 20.14 | 3,687.31 || Dec. 20 19.91 3,687.54
Jan. 13 18.48 | 3,688.97 |{ Feb. 22 20.38 | 3,687.07 1938
Feb. 13 18,72 | 3,688.73 || Mar. 16 20.94 | 3,686.51 || Jan. 13 19.87 3,687.58
Mar. 16 19.46 | 3,687.99 || Apr. 14 20.64 | 3,686.81 || Feb. 14 20,02 ,687.43
.]?;f)r. 8 19.65 | 3,687.80 ay 13 20.62 | 3,686.83 15 19.39 | 3,688.06
ay 15 20.14 | 3,687.31 || June 14 20.30 | 3,687.15 || Apr. 15 10,00 | 3,687.55
June 10 20.45 | 3,687.00 || July 7 22.49 | 3,684.96 || May 16 2009 3,687.36
Aug. 17 Lo [SYSRUPUO | R PSR U June 13 21.10 | 3,686.35
Sept. 14 25.74 | 3,681.71

1 Pump in operation. No measurements taken.

22, El Paso well 6, 2d and Cotton Streets

Measuring point, top of brass cou(rl'mg 0.06 foot above steel pump base, 0.16 foot above groind level
and 3704.53 feet above mean sea level]

1933 1936 1987 -
Dec. 22 16.36 | 3,688.17 || Sept. 14 17.38 | 3,687.15 || Aug. 12 21.17 3,683.36

19356 Nov. ¢ 16.21 | 3,688.26 || Sept. 15 7.80 3,686.73
Aug. 18 19.13 | 3,685.40 || Dec. 14 16.24 | 3,688.23 || Oct. 13 17.33 3,687.20
Sept. 11 16.65 | 3,687.88 1987 Nov. 12, 17.07 3,687.46
Nov. & 14,98 | 3,689.55 || Jan. 18 16.54 | 3,687.99 || Dec. 20. 17.01 3,687.52
Dee. 11 14.61 | 3,689.92 Feb. 23 16.58 | 3,687.9 1938

1936 Mar. 15 16.72 | 3,687.81 || Jan. 14 16,96 3,687.57
Jan. 13 14.45 | 3,690.08 (| Apr., 15 17.35 | 3,687.18 || Feb. 14 16.86 3,687.67
Feb. 13 14.47 | 3,690.06 16 17.72 |'3,688.8 Mar, 15 16,63 3,687.90
Mar, 16 17.17 | 3,687.36 17 18.64 | 3,685.89 || Apr. 15 17.25 3.687.28
Apr. 8§ 16.68 | 3,687.85 || May 13 18.15 | 3,686.38 y 16 19.48 | 3,685.05
Jupe 11 18.04 | 3,686.49 || June 15 18.46 | 3,686.07 || June 13 20,20 | 3,684.33
July 13 18.83 | 3,685.70 || July 7 18.13 | 3,688.40
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28, Acme Laundry, 905 East Missouri Stroet
[Measuring point, top of steel pump base, 2.0 feet above ground level and 8,725, 62 feet abave mean

sea level]
Depth Afltitude Depth Afltitude tDepf;;t;r Afltitutde
| to water | of water to water | of water 0 W& of water
Date level level Date level level Date level level
(feet) (feet) ! (feet) (feet) (feet) (feet)

1935 1936 1937
Aug. 17 50.50 | 3,675.12 || Oct. 18 54.59 | 3,671.03 || ‘Aug. 15 53.05 3,672.57

1936 ov. 8 53.83 .| 3,671.79 || Bept. 10 52.56 3,673.08
Feb. 16 51.22 | 3,674.40 || Dec. 13 51.77 | 8,673.85 || Oct. 10 52.27 3,673.35
Mar, 15 52.48 | 3,673.14 1937 Nov. 14 51.28 3,674.34
Apr. 19 52.18 | 3,673.44 || Jan. 20 51.33 | 3,674.29 || Dec. 19 50.92 3,674.70
May 17 52.86 | 3,672.76 eb. 24 51.40 | 3,674.22 1938
June 14 53.07 | 3,672.56 ar. 14 51.04 | 3,674.58 || Jan. 16 50.25 3,675.37
July 12 76.81 | 3,648.81 Apr. 18 51.84 | 3,673.78 || Feb, 13 50.08 3,675.54

14 76.75 | 3,648.87 || May 16 51.53 | 3,674.09 Mar. 20 49. 3,676.62
Aug. 16 78.41 | 3,647.21 || June 20 55.76 | 3,669.86 || Apr. 17 50.37 3,675.25
Sept. 13 63.62 | 3,662.00 || July 4|  56.92 | 3,668.70 || June 12 50.91 3,674.71
33. El Paso Foundry & Machine Co., Williams Street at International Bounda«~y

[Measurmg point, top of airline, 5.0 feet above ground level and 3704.72 feet above mean sea level]

1986 1936 1937
QOct. 25 14.40 | 3,690.32 || Sept. 14 15.10 | 3,689.62 || Sept. 17 12.60 3,602.12
Dec, 11 9.89 | 3,604.83 || Oct. 19 15.03 | 3,689.69 Oct. 13 12.17 3,692.55

1936 .- 1937 : Nov. 15 12,16 3,602.56
Jan. 13 9.75 | 3,604.97 || Jan. 18 15.60 | 3,689.12 1938
Feb. 13 9.7 3,694,97 || Feb. 23 15.29 ,689.43 || Jan. 14 12.21 3,602,51
Mar. 16 14.15 | 3,690.57 {| Mar. 16 15.08 | 3,689.64 || Feb. 14 11.76 3,6802.96
Apr. 8 13.96 | 3,690.76 || Apr. 15 15.89 | 3,688.83 || Mar. 15 12.20 3,602.52
May 18 14.64 | 3,6900.08 || Apr. 17 15.83 ,688.89 || Apr. 18 13.61 3,691.11
June 11 14.77 | 3,689.95 || June 14 +16.30 | 3,688.42 || May 20 5.69 3,689,03
July 17 15.01 | 3,689.71 (| July 7 16.34 ,688.38 |I June 18 16.45 3,688.27
Aug. 17 15.87 | 3,688,.85 || Aug. 13 16.69 ,688.03

36. Southern Pacific Lines, Piedras Street shops
[Measuring point, floor of pump house, 0.5 foot albove] ground level and 3,703.95 feet above mean sea

evel

1936 1936 1937
- Aug. 17 16. 3,687.45 || Oct. 19 15.60 | 3,688.35 || Sept. 17 19.74 3,684.21
Dec. 12 12.60 | 3,691.35 || Nov. 9 15.65 | 3,688.30 || Oct. 13 18.78 3,685.17
1936 Dec. 14 15.37 | 3,688.58 || Nov. 15 18.45 3,685.15
Jan. 13 12.50 | 3,691.45 1937 Dee. 20 18.31 3,685.64

Feb. 13 12.48 | 3,691.47 || Jan. 18 15.57 | 3,688.88 1938
Mar, 16 14.69 | 3,689.26 || Feb. 23 16.18 | 3,687.77 || Jan. 17 18.00 3,685.95
Apr. 8 14.90 | 3,689.05 || Mar. 16 15.87 | 3,688.08 || Feb. 14 18.06 3,685.89
ay 15 15.58 ,688.37 (| Apr. 15 17.93 | 3,686.02 || Mar. 15 17,91 3,686,04
June 12 16.20 | 3,687.75 || May 13 18.55 | 3,685.40 || Apr. 15 18.40 3,685.55
July 13 16.62 | 3,687.3 June 15 19.00 | 3,684.95 || May 16 20.71 3,683.24
Aug, 17 16.87 | 3,687.08 || July 6 18.93 | 3,685.02 || June 13 21.84 3,682.11

Sept. 14 15.82 | 3,688.13 | Aug. 12 22.27 | 3,681.68
37. Southern Pacific Lines, Piedras Street shops

[Measuring eoint, floor of pump house, at ground level and 3,703.95 feet above mean sea level]

I
1936

1935 1935
Aug. 17 34.59 | 3,662.36 || Sept. 17 21.22 | 3,682.73'|| Oct. 19 | 16.98 | 3,686.97
Sept. 10 21.38 | 3,682.57 28 19.73 | 3.684.22 26 16.83 | 3,687.12
12 20.86 | 3,683. Oct. 5 18.45 | 3,685.50 || Nov. 9 16.30 | 3,687.65
- 14 20.53 | 3,683.42 || Oct. 12 17.58 ,686.37 23 16.00 | 3,687.95

39. Midwest Dairies Inc., Piedras and Oro Streets

[Measuring point, top of steel pump base, 1.0 foot albovle] ground level and 3,710.24 feet above mean sea
) eve -

1935 . 1936 1937
Aug. 26 35.71 | 3,674.53 || Sept. 14 34.41 | 3,675, Aug. 12 50.23 | 3,660.01
Oct. 10 34.34 | 3,675.90 || Oct. 19 34.46 | 3,675.78 || Sept. 15 44.59 | 3,665.65
Dec. 12 34.08 | 3,676.16 || Nov. 9 33.68 | 3,676.56 || Oct. 13 43.28 | 3,666.96
1936 Dec. 14 32.68 | 3,677.56 || Nov. 16 43.56 | 3,666.68
Jan. 13 34.32 | 3,675.92 1937 Dee. 20 42.33 | 3,667.91

Feb. 13 34.82 | 3,675.42" || Jan. 18 33.83 | 3,676.41 1938
Mar. 16 36.10 | 3,674.14 || Feb. 22 35.88 | 3,674.36 || Jan. 17 40.82 | 3,669.42
Apr. 8 35.45 | 3,674.79 || Mar. 16 36.13 | 3,674.11 || Feb. 14 | - 41.32 | 3,668.92
ng 14 87.77 | 3,672.47 || Apr. 15 39.08 j 3,671.16 || Mar. 15 40.46 | 3,669.78
June 11 39. 3,670.41 || May 13 40.54 | 3,669.70 |[ Apr. 15 43.68 | 3,666.56
July 13 38.87 | 8,671.37 || June 14 41.37 | 3,668.87 ay 16 47.69 | 3,662.55
Aug. 18 .80 | 3,671.44-|| July 6 39.89 | 3,670.35 || June 20 49.13 | 3,661.11
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s 40. El Paso well, Piedras and Hamilton Streets
[Measuring point, top of casing, 1.5 feet above ground level and 3,997.29 feet above mean sea level]
Depth A}titude Depth ﬁfltitude Depttlé Afltitude
to water | of water to water water to water | of water:
Date level level Date level level Date level level
(feet) (feet) (feet) (feet) (feet) (feet)

1935 1936 1936
Nov. 20 | 305.22 | 3,602.07 {| Jan. 14 | 304.34 | 3,692.95 || Apr. 9 | 305.46 | 3,691.83
Dec. 12 | 304.51 | 3,692.78 || Feb. 14 | 304.29 | 3,603.00 1938
Mar. 16 | 305.33 | 3,601.96 || Feb. 14 | 305.71 3,691.58

41. El Paso well 5, Morenci and Grama Streets
[Measuring point, floor of pump house, 3 feet above ground and 3,779.74 feet above mean sea level]

1935 1936 1937
Sept. 11 [.._____._ 3,670.22 || July 14 | 112,97 { 3,666.77 || Mar. 14 | 109.40 | 3,670.34
Dec. 12 | 107.97 | 3,671.77 || July 26 | 110.90 | 3,668.84 |} Apr. 14 | 109.30 3,670.44
1986 Aug. 2| 112,40 | 3,667.34 ay 13 | 114.35 3,665.39
Jan. 2| 108.17 | 3,671.57 15 | 110.85 | 3,668,89 || June 15 | 114.68 3,665.06
14 | 108.50 | 3,671.24 22 | 110.12 | 3,669.62 (| July 10 [ 113.87 | 3,665.87
Feb: 13 | 108.78 | 3,670.96 || Sept. 14 | 106.99 | 3,672.75 || Aug. 12 | 121.55 | 3,658.19
Mar. 3| 109.81 | 3,669.93 19 | 107.80 | 3,671.94 || Sept. 20 | 115.53 3,664.21
11 110.54 | 3,669.20 27 | 107.85 | 3,671.89 || Oct. 8| 115.07 3,664.76
14 110.31 | 3,669.43 || Oct. 5| 104,67 | 3,675.07 || Nov. 16 | 112.38 | 3,666.36
26 109.59 | 3,670.15 14 | 106.65 | 3,673.09 || Dec. 13 | 112.74 | 3,667.00

1936 19 106.85 | 3,672.89 1938
Apr, 1 108.47 | 3,671.27 21 107.00 | 3,672.74 || Jan. 15 | 110.32 } 3,669.42
10 109.20 | 3,670.54 || - 23 | 107.96 | 3,671.78 || Feb. 8 | 109.95| 3,669.79
29 109.30 | 3,670.44 || Nov. 9 | 107.67 | 3,672.07 || Mar. 10 108.94 3,670.80
May 9 111.64 | 3,688.10 || Dec. 14 | 104.79 | 3,674.95 111.26 3,668.48
28 | 113.56 | 3,666.18 1937 T, 15 113.15 3,666.59
June 16 114,62 | 3,665.12 || Jan. 19 | 107.04 | 3,672.70 ay 16 | 117.42 | 3,662.32
July 38 115,99 | 3,663.75 || Feb. 23 | 109.43 | 3,670.31 || June 14 | 120.47 | 3,659.27

11 115.83 | 3,663.91

42. El Paso well 9, Luna and Pera Streets
[Measuring point, brass coupling 0.79 foot above floor of ?ump house, at ground level and 3,711.06 feet,

above mean sea level]

1934 1836 1937
Dec. 22 21.90 | 3,679.16 || Sept. 14 23.54 | 3,677.52 |i Sept. 15 34.50 | 3,666,56

1935 Oct. 19 23.50 | 3,677.56 || Oct. 13 32.65 3,808.41
Sept. 11 25.73 | 3,675.33 {| Nov. 9 25.19 | 3,675.87 || Nov. 16 31.82 8,669.24
Nov. 6 24.65 | 3,676.41 || Dec. 14 24.13 | 3,676.93 || Dec. 20 31.76 | 3,669.30
Dec. 11 24.36 | 3,676.70 1937 1938

1936 Jan. 18 24.11 | 3,676.95 || Jan. 14 30.85 3,670.21
Jan. 13 24.82 | 3,676.24 || Feb. 22 25.82 | 3,675.24 || Feb. 14 31.06 | .8,670.00
Feb. 13 25.17 | 3,675.89 {| Mar. 16 25.97 | 3,675.09 || Mar, 15 30.64 | 3,871.42
Mar. 16 26.73 | 3,674.33 || May 13 74.40 | 3,626.66 l%{»r. 15 32.80 | 3,668.26
Apr. 8 25.37 | 3,675.69 [ Aug. 23 37.12 | 3, ,663.94 ay 16 35.06 3,666.01
Aug. 17 26.17 | 3,674.89 .

. 43. Camp Grande, Stevens Avenue and Frutas Street

' [Measurmg point, top of casing, 9.0 feet below ground level and 3,694.10 feet ubove mean sea level."
‘Well sealed on August 17)

1935 1936 1936
. Aug. 27 5.55 | 3,688.55 || Feb. 13 4.48 | 3,689.62 || May 18 5.07'| 3,689.03
Dec, 12 4.43 | 3,689.67 || Mar. 16 4.63 | 3,680.47 || June 1} 5.01 3,869.09
1936 ' Apr. 8 4.83 | 3,689.27 || July 13 5.49 3,688.61
Jan. 13 4.61 | 3,689.49

44. Harry Mitchell Brewing Co., Travis and Frutas Streets .
[Measuring point, top of steel pump base, 0.2 foot above ground level and 3,701.44 feet abyve mean

sea level]
T

1935 1936 1987
Deec. 13 25.42 | 3,676.02 || Nov. 10 26.08 | 3,675.41. || Sept. 18 33.10 | 3,668.34

1938 : Dec. 15 21.94 | 3,679.50 {| Oct. 15 30.85 | 3,870.59
Feb, 14 26.34 | 3,675.10 1987 5 Nov. 14 29.71 3,871.73
Mar. 17 27.15 | 3,674.20- || Jan. 19 21.48 | 3,679.96 1938 -
%FL 9 26.92 |'3,674.52 || Feb. 23 23.28 | 3,678.16 || Jan, & 20.41 | 3,672.03

lay 16 29.40 | 3,672.04 {| Man 18 27.62 | 3,673.82 14 28.80 | 3,672.56
June 12 29.21 | 3,672.23 || Apr. 16 29.89 | 3,671.55 || Feb. 13 26.19 | ' 3,875.25
July, 15 .58 | 8,670.86 ay 14 29.32 | 3,672.12 || Mar, 13 25.19 | 38,676.25
Aug! 18 0.31 | 3,672.13 || June 15 30.18 | 3,671.26 || Apr, 17 | 26.47 | 3,674.97
Sept. 15 26.98 | 3,674.46 (| July 9 27.94 { 3,673.50 (| June 12 36.25 | 3,665.19
QOet. 20 26.95 | 3,674.49 || Aug. 13 38.80 | 3,662.64
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.51, El Paso well 2, Montana well fleld
[Measuring point, floor of pump house, 1 foot above ground level and 8,772.37 feet above mean sea

level]

1

Deptek; Afltitude Depth Afltitude ' Dept'ig Afltitutde
to water | of water to water | of water to water | of water
Date level level Date level level Date level level
(feet) (feet) (feet) (feet) (feet) (feet)
; 7
1938 1936 1937 .
June 13 113.80 | 3,658.57 || Oct. 15 108.05 | 3,664.32 || July 6 115.67 3,656.70 '
22 114.10 | 3,658.27 20 108,95 | 3,663.42 || Aug. 12 122.82 3,649.55
29 114.26 | 3,658.11 21 109.06 | 3,663.31 || Sept. 15 116.04 3,656.33
July 38 120.40 | 3,651.97 23 113.52 | 3,658.85 || Oct. 13 109.09 3,663.28
10 120.80 ,651.57 31 111.16 | 3,661.21 Nov. 15 112,96 3,659.41
13 1056.08 .667.29 Nov. 9 111.23 | 3,661.14 Dec. 20 112.60 | . 3,659.77
18 112.24 | 3,660.13 || Deec.’14 104.04 | 3,668.33 1988
28 116.80 | 3,655.57 1887 Jan." 14 105.52 3,666.85
Aug. 1 118.45 | 3,653.92 || Jan. 19 107.78 | 8,664.34 || Feb. 14 111.45 3,660.92
7| 111.82 ,660.55 || Feb, 22 | 109.59 | 3,662.78 || Mar. 15 | 107.93 | 3,664.44
22 | 108.23 | 3,664.14 || Mar. 16 | 109.60 | 3,662.77 || Apr. 16 | 113.39 | 3,658.33
24 106.31 | 3,666.06 || Apr. 15 110,03 | 3,662.34 ay 6 118.82 3,653.55
29 109.39 | 3,662.98 111.71 | 3,660.66, 16 119, 4. 3,652,93
Sept. 15 109.29 ,663.08 || May 12 118.23 | 3,654.14 June 14 119.24 3,653.13
27 109.35 | 3,663.02 || June 14 120.21 | 3,652.16
Oct. & 102.89 | 3,669, 48

[Measuring point, top of brass pipe 0.33 foot

52, El Paso well 3, Montana well field

above floor of pumf
3,783.43 feet above mean sea level|

house, 3 feet above ground level and

1935 1936 1937
Sept. 12 99.23 | 3,684.20 || June 16 | 119.29 | 3,664.14 || June 18 | 157.60 |, 3,625.83
Qct. 12 99.25 | 3,684.18 20 | 118,50 | 3,664.93 || June 25 | 158,80 { 3,624.63
Nov. 9 99.25 | 3,684.18 || June 24 119.64 | 3,663.79 Oct. 8 154.29 3,629.24
Dec. 14 99.26 | 3,684.17 29 | 120.80 | 3,662.63 23| 149.15 | 3,634.38
1936 Deec. 14 | 112,92 | 3,670.51 29 | 148.77 3,634.75
Jan. 11 99.30'| 3,684.13 1937 1938
Feb. 15 99.42 2,684.61 Jan. 19 | 115.55 | 3,667.88 || Jan. 14 | 114.27 3,669.26
Mar. 14 99 .54 ,683.89 || Feb. 22 | 116.97 | 3,666.45 || Feb. 14 | 151.08 | 3,632.45
Apr. 11 99.56 | 3,683.87 || Mar. 16 | 116.70 | 3,666.73 || Mar. 15 | 146.19 | 3,637.34
25 99.47 | 3,683.96 || Apr. 12 | 117.25 | 3,666.18 %{’r. 16 | 152.20 | 3,631.33
June 12 119.13 | 3,664.30 ay 6| 153.58 | 3,629.85 ay 16 | 155.53 | 3,628.00
13 | 119.21 | 3,664.22 12 | 155.88 | 3,627.55 || June 14 | 155.41 3,628.12
53. Loretto College, Clifton and Raynolds Streets
[Messuring poins, top of eduction pipe, 3 feet al,bmi? ground level and 3,811.25 feet above mean sea
eve - -
1935 1936 18937
Nov. 11 149,91 | 3,661.34 || Oct. 20 | 151. 3.660.21 || Sept. 15 | 149.90 | 3,661.35
Dec. 12 149.50 | 3,661.75 ov. 9 141.61 | 3,669.64 || Oct. 15 144 .87 3,666,
1936 Dec. 19 | 139.35 | 3,671.90 || Nov. 15 | 146.80 | 3,664.45
.%an.‘ 14 149.80 | 3,661.45 1937 Dec. 23 143 .54 3,667,71
eb. 13 150.53 | 3,660.72 || Jan. 19 | 149,35 | 3,661.90 1938
Mar. 16 161.72 | 3,659.53 || Feb. 22 | 151.12 | 3,660.13 || Jan. 14 | 142.30 3,668.95
Apr. 18 151.18 ,660.07 || Mar. 16 | 150,83 | 3,660.42 || Feb. 14 | 145.59 3,665.66
May 14 152.51 | 3,658.74 || Apr. 15| 151.48 | 3,659.77 || Mar. 15 | 143.38 | 3,667.87
June 12 154.34 | 3,656.91 ay 13| 156.83 | 3,654.42 {| Apr. 16 | 147.33 3,663.92
July 14 151.00 | 3,660.25 || June 14 | 158.18 | 3,653.07 NFay 16 | 158.65 | 3,652.60
Aug. 17 154.19 | 3,657.06 || July 6 | 149.51 | 3,661.74 || June 14 | 153.95 | 3,657.30
Sept. 14 151.46 | 3,659.79 || Aug. 12 | 160.72 | 3,650.53

55. Texas Co., 0.6 mile northeast of Ascarate
[Meaﬁl{!‘ing point, top of steel pump base, 2 feet above ground level and 3,717.87 feet abeov: mean seg

level]
1935 1936 1987
Aug. 29 45.28 | 3,672.59 || Nov. 10 47.53 | 3,670.34 || Oct. 15 48.65 | 3,669.22
Dec. 13 44.41 | 3,673.46 || Dec. 10 46.02 | 3,671.85 || Nov. 15 47.90 | 3,669.97
1936 1937 1938
Feb. 14 45,90 | 3,671.97 || Jan. 19 46.13 | 3,671.74 || Jan. 5 46.22 | 3,671.65
Mar. 17 44.93 | 3,672.94 || Feb. 23 46.23 | 3,671.64 16 78.14 | 3,639.73
Apr. 44,16 | 3,673.71 || Mar. 17 47.00 | 3,670.87 17 46.26 | 3,671.61
8y 16 46.01 | 3,671.86 || Apr. 16 47.07 ! 3,670.80 || Feb. 12 46.18 | 3,671.69
June 12 47.59 ,670.28 ay 14 49.38 | 3,668.49 || Mar. 12 45.35 | 3,672.52
July 15 47.84 | 3,670.03 || June 15 50,13 | 3,667.74 || Apr. 16 49.25 | 3,668.62
ug. 18 47.45 | 3,670.42 uly 9 49.71 | 3,668.16 ay 16 52. 3,665.58
Sept. 15 46.92 | 3,670.95 |{ Aug. 13 51.63 | 3,666.24 17 50.0 3,667.86
Oet. 20 46.86 | 3,671.01 || Sept. 16 51.10 | 3,666.77 || June 11 51.6! 3,666.27
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60. Sambrano Waterworks, Ascarate
[Measuring point, top of casing, at ground level and 3,691.37 feet above mean sea levvel]

, Deptth Afltit;ude Depth A‘lt,itude Depth Afltitude
to water | of water to water | of water to water | of water
Date level level Date level level Date level level
(feet) (feet) (feet) (feet) (feet) _ (feet)
1935 1936 1987 :
Aug. 29 5.35 | 3,686.02 Sept. 14 6.61 | 3,684.76 Aug. 12 6.86 3.684.51
Nov. 6 6.04 | 3,685.33 || Oct. 19 6.60 | 3,684.77 || Sept. 15 6.91 3,684.46
Dec. 12 6.30 | 3,685.07 || Nov. 9 6.51 | 3,684.86 || Oct. 13 6.93 3,684.44
1936 Dec. 14 6.53 | 3,684.84 || Nov. 16 7.12 3,684.25
Jan. 14 6.50 | 3,684.87 1937 Dec. 24 7.36 3,684.01
Feb. 13 6.56 | 3,684.81 Jan. 19 6.66 | 3,684.71 1938
ar, 16 6.31 | 3,685.06 Feb. 23 6.35 | 3,685.02 || Jan. 13 7.27 3,684.10
Apr. 8 6.33 | 3,685.04 || Mar. 16 6.30 | 3,685.07 || Feb. 14 7.11 3,684.26
ay 14 6.32 | 3,685.05 || Apr. 15 6.09 ,685.28 || Mar. 16 7.00 | 3,684.37
June 11 6.33 | 3,685.04 May 13 6.32 | 3,685.05 || Apr. 16 6.98 3,684.39
July 13 6.53 | 3,684.84 June 19 6.56 ,684 81 ay 16 6.70 3,684.67
Aug. 15 6.68 ,684.69 (| July 6.75 | 3,684.62 || June 18 7.10 | 3,684.27

64. El Paso and U. S. Geological Survey test well 1, Carlsbad
[Measuring point, top of

pipe, at ground level and 3,942.88 feet above

highway

mean sea level]

1936 1937 1937
July 17 | 260.56 | 3,682.32 || Feb. 22 | 260.66 | 3,682.22 {| Nov. 16 | 261.00 | 3,681.88
24 | 260.54 | 3,682.34 || Mar. 17 | 260.47 | 3,682.41 ec. 261.09 3,681.79
Aug, 15 260.54 | 3,682.34 Apr. 20 260.58 | 3,682.30 1938
Sept. 15 260.21 | 3,682.67 ay 14 260.83 | 3,682.05 || Jan. 15 261.10 3,681.78
- Qct. 20 260.47 | 3,682.41 June 16 260.77 | 3,682.11 Feb. 16 260.74 3,682.14
Nov. 10 | 260.82 | 3,682.06 (| July 8 | 260.84 | 3,682.04 || Mar. 16 | 260.95 | 3,681.93
Dec. 20 260.76 | 3,682.12 Aug. 12 260.88 | 3,682.00 || Apr. 18 261.09 3,681.79
1937 Sept. 16 260.94 | 3,681.94 ay 19 261.00 3,681.88
Jan. 19 260.22 | 3,682.66 || Oct. 15 261.02 | 3,681.86 || June 17 261.13 3,681.75
67. Southern Pacific Lines, near south entrance to Fort Bliss
[Measuring point, top of eduction pipe, 10 feet i;.bo\l:]e ground level and 3,897.41 feet above mean sea
evel
1935 19387 1937
Nov. 20 227 .51 | 3,669.90 ar. 22 227.73 | 3,669.68 Nov. 15 229.36 3,668.05
Deec. 13 226.26 | 3,671.15 Apr. 15 231.82 | 3,665.59 Deec. 23 228.56 3,668.55
1936 ay 14 231.11 | 3,666.30 1938
May 16 229.90 | 3,667.51 June 18 233.97 | 3,663.44 || Jan. 17 229.38 3,668.03
June 13 230.88 | 3,666.53 July 8 232.67 | 3,664.74 Feb. 16 228.60 3,668.81
July 15 231.60 | 3,665.81 Aug. 13 234.90 | 3,662.51 Mar, 16 230.08 | -3,667.33
Aug. 18 233.16 | 3,664.25 Sept. 17 230,00 | 3,667.41 Apr. 18 229.53 3,667.88
Sept. 15 229.51 | 3,66V.90 || Oct. 15 228.73 | 3,668.68 May 17 231.74 3,665.67
Nov. 10 227.37 | 3,670.04
72. U. S. War Department, Fort Bliss well 2
[Measuring point, top of tank, 14 feet above ground level and 3,898.14 feet above mean sea level]
1935 1936 . 1937
Nov. 20 230.65 | 3,667.49 Nov. 10 229.79 | 3,668.35 Sept. 17 242.98 | .3,655.16
Deec. 13 226.96 | 3,671.18 Dec. 19 232.30 | 3,665.84 || Oct. 15 236.88 3,661.26
1936 1937 Nov. 15 236.02 3,662.12
Jan. 14 | 227.29 | 3,670.85 (| Jan. 19 | 228.38 | 3,669.76 || Dec. 23 | 229.10 3,669.04
Mar. 16 231.04 | 3,667.10 || Feb. 23 229,06 | 3,669.08 1938 |
Apr. 8 229 .83 | 3,668.31 Mar. 17 228,02 | 3,670.12 Jan. 17 228.73 3,669.41
ay 15 238.15 | 3,659.99 Apr. 17 232.25 | 3,665.89 Feb. 16 228.55 3,669.59
June 12 244.26 | 3,653.88 ay 14 234.89 | 3,663.25 Mar. 16 230.35 3,667.79
July 19 240.47 | 3,657.67 || June 16 250.25 | 3,647.89 Apr. 18 235.71 3,662.43
Aug. 18 243 .44 | 3,654.70 || July 8 244.99 | 3,653.15 ay 17 241,65 3,656.49
Oct. 20 230.56 | 3,667.58 || Aug.-13 245,18 | 3,652.96 || June 15 244 .77 3,653.37
76. El Paso and U. S. Geological Survey test well 2, Southeast corner Biggs Ficld
[Measuring point, top of pipe, at ground level and 3,919.40 feet above mean sea'levsl]
1936 1937 1937
July 17 | 244.12 | 3.675.28 || Feb. 22 | 238,83 | 3,680.57 || Nov. 16 | 235.62 | 3,683.78
24 | 243.89 | 3,675.51. {| Mar. 17°| 238.64 | 3,680.76 || Dec. 27 | 236.18 | 3,683.22
Aug. 17 | 242.89 | 3,876.51 || Apr. 20 | 238.39 | 3,681.01 1938
. Sept. 15 241.44 | 3,677.96 May 14 238.21 | 3,681.19 || Jan. 15 236.10 3,683.30
Qct. 20 240.54 ,678.86 {| June 16 238.12 | 3,681.28 Feb. 16 235.99 3,683.41
Nov. 10 | 240.05 | 3,679.35 || July 8 | 237.87°| 3,681.53 || Mar. 16 | 235.84 3,683.56
Dec, 20 | '239.47 | 3.679.93 Aug. 13 237.71 | 3,681.69 Apr. 18 235.88 3,683.52
1937 Sept. 16 236.48 | 3,682.92 ay 19 235.70 3,683.70
Jan. 20 239.16 | 3,680.24 Oct. 14 236.42 | 3,682.98 || June 17 235.74 3,683.66
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77. El Paso well 12, Mesa well field

[Measuring point, brass coupling 0.26 foot above floor of pump house, 3 feet above ground level and
3,882.78¢eet above mean sea level

‘ Depth | ptitude Depth | pitude Depth | pisitude

Date | Hour | water °f‘“t1" Date | Hour | water of]waetier Date | Hour | water Ml:f:f'

Jovel | Jeve fevel | lev lovdl | fovel

: | tlecty | (Foet) (feet) | et | ety | e
1985
Dec. 14
Dec. 16
i

Des. 17
12-19
23
26

112. El Paso, old Mesa well field, well 32
[Measuring point, center of flange coupling, 1.5 feet above ground level and 3,871.27 feet abave mean

sea level} N

1935 1935 1986
Aug. 6 3,670.53 ||'Dec. 16| 1:40 [195.40 | 3,675.87 || Oct. 20 |-._ ... 204.80 | 3,666.47
Sept. 11 |_ 3,667.35 2:10 . 3,667.01
Dec. 12 3,676.57 2:43 . ,666.66

16 3,676.97 3:10 . -

3,677.02 3:35- . 867.19
3,676.99 4:17 . 667.51
3,677.03 4:38 (196.18 667.52
3,677.03 4:57 (196 26 663.79
3,677.03 17 9:15 {198.32 656.86
3,676.98 18 | 5:00 {199.54 857.77
3,676.96 19 | 2:15 1200.00 657.77
3,676.87 23 1:30 1200.61 658.31
3,676.73 24 | 2:30 1200.75 666. 85
3,676.70 25 | 12:00 |200.90 667.88
3,676.62 1936 Dec. 666.73

3,676.60 || Feb. 14 3,669.93 1938
3,676.53 || Mar. 18 3,660.93 || Jan. 13 $673.08
! 3,676.51 || Apr. 9 3,663.83 29 667.11
3,676.30 || May 15 3,659.33 || Feb. 16 673.33'
3,676.30 || June 12 3,657.77 {| Mar. 16 666.95
3,676.19 !} July 14 3,666.82 || Apr. 18 661.27
3,676.17 || Aug. 18 3,665.19 || May 19 |. 660.68
3,676.02 || Sept. 14 3,666.31 || June 17 664.21

114. El Paso, old Mesa well field, well 34
{Measuring point, top of air line, 3 feet above ground level and 3,871.98 feet above mean rea level]

1935 1935 1935
Dec. 16 | 9:50 |194 45 | 3,677.53 || Dec. 16 | 11:57 [195.66 | 3,676.32 || Dec. 16 | 5:04 |197.63 | 3,674.35
10:04 104 .45 | 3,877.53 12:30 |195.97 | 3,676.01 || Dec. 17 | 9:10 {200.00 | 3,671.98
10:06 1194.45 | 3,677.53 12:59 1196.20 | 3,675.78 4:55 1200.47 | 3,671.51
10:18 194 .55 | 3,677.43 1:04 1196.22 | 3,675.76 18 | 5:00 |201.25 | 3,670.73
10:20™94.58 | 3,677.40 1:33 |196.45 | 3,675.53 19 1 2:06 1201.91 | 3,670.07
10:33 (194.64 | 3,677.34 . 2:04 |196.64 | 3,675.34 23 | 1:30 1202.68 | 3.669.30
10:35 |194.66 | 3,677.32 2:37 [196.82 | 3,675.16 24 | 2:30 [202.82 | 3,669.16
10:53 |105. 3,676.89 3:03 |196.95 | 3,675.08 25 | 12:00 {202.96 | 3,669.02
11:14 1195.25 | 3,676.73 3:29 [197.13 | 3,674.85 1936
11:16 {195.28 | 3,676.70 4:25 1197.46 | 3,674.52 |} Jan. 14 |..____ 219.52 | 3,652.46
11:28 1195.40 | 3,676.58 4:35 |197.45 | 3,674.53 1938
| 11:31 (195.42 | 3,676.56 4:49 [197.58 | 3,674 .40 | Jan. 29 ... _ 212.93 | 3,659.056
11:55 [195.67 | 3,676 31 4:32 1197.60 | 3,674.38

119. EI Paso, old Mesa well field, well 39
[Measuring point, top of air line, 1 foot above ground level and 3,871.35 feet above mean rea level]

1985 1985 | 1985
Dee. 14 |_.____ 193.12 | 3,678.23 || Dec. 16 | 12:02 [210.35 | 3,661.00 || Dec. 16 | 4:10 |213.17 | 3,658.18
16 | 8:13 |192.95 | 3,678.40 12:15 1210.58 | 3,660.77 5:02 (213.60 | 3,657.75
:28 [192.95 | 3,678.40 12:31 1210.87 | 3,660.48 5:19 (213.76 | 3,657.59
9:03 |192.93 | 3,678.42 12:49 1211.13 | 3,660.22 5:30 |213.86 | 3,657.49
9:556 |192.97 | 3,678.38 1:10 [211.40 | 3,659.95 || Dec, 17 | 9:35 [217.05 | 3,654.30
10:17 1204, 3,6066.85 1:26 [211.55 | 3,659.80 4:46 121724 | 3,654.11
10:20 |206. 3,6865.15 . 1:41 [211.77 | 3,659.58 18 | 5:00 |218.50 | 3,652.85
10:38 1206.94 | 3,664.41 1:59 |212.00 | 3,859.35 18 | 1:46 [219.10 | 3,6562.25
10:50 1207.81 | 3,663.54 2:14 1212.20 | 3,659.15 L2 1:30 1219.63 | 3,651.72
10:59 1208.30 | 3,663.05 2:29 (212.35 | 3.659.00 24 | 2:30 |220.00 | 3,6561.35
11:16 |200.04 | 3,662.31 |, 2:44 |212.52 | 3,658.83 12:00 (220.10 | 3,651.25

11:26 1209.40 | 3,661.05 3:16 1212.79 | 3,658.56 1936
11:37 1209.70 | 3,661.65 3:30 [212.88 | 3,658.47 || Jan. 14 | _.___ 201.23 | 3,670.12

11:46 1209.93 | 3,661.42 351 (213.04 | 3,658.31
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120. El Paso, Old Mesa well field, well 40
{Measuring point, top of air line, 1 foot above ground lsvel and 3,871.99 feet above mean sea level]

Devth | Alitudo Denth | Atitude Depth | Altitude
Date | Hour Yatglr "flng' Date | Hour vlvaf.ef aflme" Date | Hour vlvate{' d!:v‘te'
e eve evel
(feot) | (Teet) (fot) | (feet) (feety | (Feot)
1985 1985 M 1985
Dee. 14 | _____ 194.02 | 3,677.97 || Dec. 16 | 12:18 |108.43 | 3,673.56 || Dec. 16 | 4:13 [200.62 | 3,671.37
16 8:22 |194.14 | 3,677.85 12:28 {198.64 | 3,673.35 5:05 1200.92 | 3,671.07
8:43 {194.16 ( 3,677.83 12:52 1198.93 | 3.673.06 5:15 (201.04 | 3,670.95
9:17 {194.16 | 3,677.83 1:09 {199.08 | 3,672.91 || Deec. 17 9:25 . 3,668.18
9:45 1194.15 | 3,677.84 1:22 |199. 3,672.74 4:50 [204.26 667.73
10:21 |195.53 | 3,676.46 1:44 (199.46 | 3,672.53 18 5:00 [205.27 | 3,666.72
10:31 |196.05 | 3,675.94 1:54 1199.57 | 3,672.42 19 1:55 1205.80 | 3,666.19
10:42 [196.56 | 3,675.43 2:07 |199.68 | 3,672.31 21 3:30 (206.31 | 3,665.68
10:56 [196.64 | 3,675.35 2:20 (199.80 | 3,672.19 23 1:30 |206.55 | 3,665.44
11:10 [197.42 | 3,674.57 . 2:35 [199.92 | 3,672.07 24 2:30 {206.68 | 3,665.31
11;20 [197.65 | 3,674.34 2:50 [200.05 | 3,671.94 25 | 12:00 {206.82 | 3, 665 17
11:33 [197.86 | 3,674.13 3:20 {200.26 | 3,672,73 1936 N
11:41 [198.07 | 3,673.92 3:48 1200.46 | 3,671.53 || Jan, 14 [_.____ 204.30 | 3,667.69
, 11:58 |198.35 | 3,673.64
126. McElroy Packing Co., 3.3 miles north of Wilson Road, near Southern Pacifi- Ry.
Measuring point, top of pipe cla.mp. 0.4 foot a})ox;?]ground level and 3,902.63 feet above mean sea
ev
Depth Altitude Depth Altitude Depth | Altitude’
Date | to water | of water Date to water | of water Date to water | of water
level level a level level a level level
(feet) (feet) (feet) (feet) (feet) (feet)
18356 1938 1937
Aug. 1 210.75 3,691.88 Dec. 20 211.24 | 3,691.39 || Nov. 18 211.67 3,691.96
Dec. 14 209.35 | 3,693.28 1937 Dec. 27 211.57 3,691.06
1936 Feb. 22 211.14 | 3,691.49 1938
Feb. 14 210.81 | 3,601.82 Mar. 16 211.31 | 3,691.32 Jan. 15 211.66 | . 3,690.97
Mar. 16 211, 3,601.54 1%Ipr. 21 211.23 | 3,691.40 || Feb. 16 215.85 3,686.18
Apr. 211,16 ,601.47 ay 14 211.88 3,690.75 18 211,56 3,691.07
ay 18 211.01 | 3,691.62 || June 16 211.72 | 3,690.91 Mar. 16 211.85 3,690.98
June 12 211.09 | 3,691.54 || July 8 211.44 | 8,691.19 || Apr. 18 211.75 3,690.88
July 18 211.16 ,601.47 (| Aug, 13 211.50 | 3,691.13 || May 19 211,65 3,690.98
Nov. 10 211.35 ,991.28 || Sept. 16 211.57 ,601.06 || June 17 211.70 3,690.93
Oct. 14 211.66 | 3, 691 97
127. Western Gas Co., 2.6 miles north of Wilson Road, near Southern Pacific Ry.
[Measuring point, top of casing, 0.4 foot above ground level and 3,882.34 feet above mean sea level]
1935 1936 1986 ! -
Aug. 7 192.21 | 3,690.13 || Deg. 14 | 192,00 3,690.34 || Feb. 14 |- 192.57 |, 3,690.36

129. Edgar Parks, 1.

9 miles north of Wilson Road o
[Measuring point, top of casing, 0.5 foot above ground level and 3,
A,

on U. 8. Highvway 70 .
942.70 feet sbove‘ﬁms.u sea level}

1936

\ 1835 1936

Aug. 6| 254.90 | 3,687.80 || Mar. 16 | 255.34 | 3,687.36 || Oct. 20 | 256.06 3,686.64

Dec. 13 | 254.62 | 3,688.08 || Apr. 9 | 255.43 | 3,687.27 || Nov. 10 | 256.49 3,686.21
1938 May 18 | 255.82 | 3,686.88 1937

Feb. 14 | 254.80 | 3,687.90 || Sept. 14 | 256.94 | 3,685.76 || July 8 | 256.45 3.686.25

, 132. H. T. Ankerson, 2.9 miles
[Measuring point, top of pipe clamp, 1.5 feet above ground level

north of Wilson Road on U. S. Highway 70
and 3,904.16 feet above mean sea

. level]
1]

1935 1938 . 1987 '
Aug. 7| 213.62 | 3,690.54 || Oct. 20 | 228.68 | 3,675.48 || Seépt. 16 | 214.50 | 3,689.57
Dec. 13 | 213.31 | 3,600.85 || Nov. 10 | 214.33 | 3,689.83 || Oct. 14 | 224.47 | 8,679.67

1936 Dec. 20 | 214.17 | 3,689.99 || Nov. 16 | 214.52.| 3,680.64
Jan, 14 213.63 | 8,600.53 1937 Dee. 27 214.49 3,689.67
Mar. 16 | 213.98'| 3,600.18 || Feb. 22 | 214.04 | 3,690.12 || 1938 . .
Apr. 8| 214.00 | 8,600.16 || Mar..16 | 221.95 | 3,682.21 || Jan. 15 | 214,54 | 3,680.62

ay 18 | 213.91 1 3,690.25 || Apr. 21 | 214.18 | 3,600.03 || Feb. 18 | 214.45 |.-8,689.71
June 12 | 214.09 | 3,690.07 || May 14 | 226.20 | 3,877.96 ar, 16 |, 224.76 | + 3,679.40
July 14 5. 3,678.56 || June 16 | 225.05 | 3,679.11 16 | 218.41 | 38,685.75
Aug. 18 | 219.62 | 3,684.54 || July 8 | 213.46 | 3,690.70 || Apr. 18 | .215.41 | 3,688.75
Sept. 14 | 223.14 | 3,681.02 || Aug. 214.39 | 3,689.77 {| June 17 | 228.85 |-- 3,680.81
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135, McElrey Packing Co., 4.2 miles north of Wilson Road '
[Measuring point, top of casing, 0.4 foot above ground level and 8,938.24 feet above mean g+a level]

Depth Afltitude Depth Ailtitude u?epi’é; Altitutde
to water | of water to water | of water water | of water
Date level level Date- level level Date level level
(feet) {feet) (feet) (feet) (feet) (feet)
]
1935 1936 1987
Aug. 7 243.42 | 3,694 .82 || Bept. 14 243.64 | 3,694:60 || June 16 244 .32 £.699.79
Dec, 12 243.40 | 3,694:84 || Oct. 20 243.58 | 3,694.66 uly 244 .34 £,699.77
1836 Nov. 10 243.86 | 3,694.48 Aug. 13 244,28 £.699.83
Jan. 14 43 . 4. 3,694.81 || Dec, 20 243.76 | 3,694.48 || Sept. 16 244.35 £.699.76
Feb. 14 243.31 | 3,694.93 1937 Qct, 14 | 244.35 £.699.76
Mar. 16 243.58 | 3,694.76 || Jan. 20 242.95 | 3,6905,29 || Nov. 16 244 .32 $.699.79
Apr. 9 243.63 | 3,6894.61 Feb. 22 244.18 | 3,699.93 || Dec. 27 244.38 £.699.73
ay 18 243.63 | 3,694.61 || Mar. 16 244 .24 | 3,699.87 1938 N
June 12 243.71 | 3,694.53 || Apr. 20 | 244.20 | 3,699.91 || Jan, 15| 244.43 ¢,699.68
July 14 243.75 | 3,694.49 || May 14 244 .22 | 3,699.89 (| Feb. 16 244 .32 2,699.79
Aug,. 18 243.75 | 8,604.49
1
136. El Paso and U. 8. Geological Survey test well 3, 6.9 miles north of Wilson Road

[Measuring point, top of

pipe, at ground level and 3,944.11

feet above

mean sea lovel]

1836
July 24
Aug, 18
Sept. 14
Oct. 20
Nov. 10

1937
Mar. 16
i\&dpr. 20

ay 14
June 16
July 8
Aug, 13
Sept. 16
Oct. 14
Nov. 16

244 .24

3,699.87

3, 699 79

1987
Dec. 27
1938

Jan, 15
Feb. 16
i
Muy 18

June 17

244.38

244,43
24432
24431
244742
24432
24449

3,699.73

3,699.62
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148 GROUND-WATER RESOURCES, EL PASO AREA, TEX.
HAND-BORED TEST WELLS

Records of wells in Rio Grande Valley near El Paso

[Data obtained by Works Progress Adminintragoix._ P]roiect 1669 under the supervision of Robert H.
olvin)]

Altitudet .
. of measur- | Date of D?;th &lt::;&c‘l;
No. Location ing point | measure- | L tor | jovel (feet | T BHET
b(feet, (T:;g) level | above sea | S2MBler
above sea
level) (feet) level)
1 | Hills-8utton Co., 51.5 feet north of, { 3,701.24 | Jan. 14 6.00 | 3,605.24 | Yes.
67.4 feet south of south rail of spur. Apr. 27 |+ 5.45 | 3,605.79
2 | First 8t., 4.3 feet south of second pole | 3,702.97 | Jan. 14 6.85 1 3,606.12 | Yes.
south of; 66 feet west of railroad to Apr, 27 7.56 | 3,695.41
El Paso Cotton Mill.
3 | Bowie High 8chool, at bend in railroad | 3,704.31 | Jan. 14 | 6.86 | 3,697.45 | Yes.
northeast of school, 11 feet west of Apr. 27 7.49 | 3,006.82
first pole west of fence.
4 | Bowie High School, southeast corner | 3,7056.11 | Jan. 14 | 6.81 | 3,698.30 | Yes.
ﬁf xéounc{s of, 39 feet north of Frank- Apr. 27 | 7.23 | 3,697.88
n Canal.
El Paso Cotton Mills, 8.4 feet south of | 3,705.64 | Jan. 14 | 5.10 | 3,700.54 | Yes.
fence west of. pr. 27 5.36 | 3,700.28
Road to Peyton Packing Co., 100 feet | 3,703.02 | Jan. 14 2.62 | 3,700.40 | Yes
south ef, 3.7 feet east of first power- Apr. 27 2.77 | 3,700.25
line pole west of railrodd.

*7 | Road to north at well 6, on west side, | 3,702.89 | Jan. 16 | 4.49 | 3,698.40 | Yes
9 feet north of fifth pole on east side Apr. 27 4.65 | 3,698.24
railroad embankment.

8 | Fourth 8t., southwest corner at rail- | 3,703.75 | Jan. 16 | 6.97 | 3,696.78 | Yes
road to El Paso Cotton Mills, 4 feet Apr. 27 | 7.57 | 3,696.18
east of fence line,
9 | International boundary marker...._.. 3,697.97 | Jan. 16 2.15 | 3,695.82 | Yes
] : 1 Apr. 27 2.31 | 3,605.66
10 | West side of canal, 5 feet east of first | 3,703.97 | Apr. 27 | 8.02 | 3,695.95 | Yes

‘pole south of railroad bridge on .
track to Texas & Pacific R.R. shops.

11 | Texas & Pacific R.R. shops, 3 feet | 3,703.72 | Apr. 27 7.52 | 3,696.20 | Yes

west of first pole east of, on south
=~ side of tracks.
12 | International boundary marker 2_____ 3,701.23 | Jan. 17 5.18 | 3,606.08 | Yes.
. Apr. 27 5.63 | 3,695.60

113 | Peyton Packing Co., north corner of._{ 3,700.50 | Jan. 17 38.57 | 3,696.93 | Yes.

14 | Southeast corner of Peyton Packing | 3,698.93 | Feb. 17 | 2.16 | 3,696.77 | Yes.
Co., outside’of fence and on bound- . Apr. 271 1,72} 3,607.21
ary, . ,

15 | 0.2 mile north of well 8 on east sifle of | 3,702.85 | Apr. 27 5.81 | 3,607.04
railroad and on west side of road.

16 | San Antonio Bt., first pole east of Hea- | 3,701.87 | Feb. 17 6.36 | 3,605.51 | Yes
field 8t., on south side. Apr. 27 6. ,606.49

17 | Southeast corner Cotton and San An- | 3,704.40 | Feb. 17 8.95 | 8,605.45 | Yes
tonio Sts., 16 feet west of first pole Apr. 27 90.38 | 3,695.02
east of Cotton St.

18 Soggteast torner, Myrtle and Dallas | 3,702.456 | Apr. 27 7.43 | 3,695.02 | Yes.
19 | Cotton St., 3 feet north of first pole | 3,704.07 | Feb. 17 8.88 | 3,605.19 | Yes.
north of Basgett 8t. . Apr, 27 | 9.15 | 3,604.92
20 | Williams 8t., east side, south of South- { 3,703.06 | Feb. 17 8.15°1 3,604.90 | Yes.
exin Pacific tracks, 3 feet east of fire Apr. 27 8.04 | 3,805.01

plug. .
21 | Cotton St., east side, south of South- | 3,703.80 | Apr. 27 8.67 1 3,6905.13 | Yes.

ern Pacific tracks, opposite elevator,
25 feet east of street.

22 | Williams 8t., at loading platform, | 3,703.67 | Apr. 27 | 8.62 | 3,695.05 | Yes.
midway between two poles on east. )

23 Wygr;lviz]gn St..sgorth side, 50 feet west | 3,708.33 | Apr. 27 | 9.01 | 3,604.32 | Yes.
- Of ut St.

24 | International boundary, 600 feet north | 8,700.41 | Apr. 27 | 4.95 | 3,695.46 | No.

' of monument 2.

25 | International boundary, 3 feet west of | .3,697.62 | Feb. 17 | 2.20 | 3,695.42 | Yes.
Marker 6. Apr. 27 | 2.96 | 8,694.66 | _

26 | Northeast corner Eucalyptus and | 3,701.04 | Feb. 17 | 6.38 { 3,694.68 | Yes.
Cyiprun Sts., 3 feet north of first Apr, 27 | .7.29 | 8,6893.75
pole, , )

27 | Laurel 8t., at southwest corner of alley | 3,701.59 | Feb. 17 | 6.50 | 3,605.00 | Yes,
between San Antonio and Olive Sts,

28 | Southeast corner of Magoffin and | 8,701.95 | Apr. 27 7.82 | 3,694.18 | Yes.
Eucalyptus Sts., 3 feet south of pole. ) '

29 | Alley between Texas and Myrtle 8ts., | 3,702.79 | Feb. 17 8.20 | 3,604.59 | Yes.
i‘l?e:t e:sizt of first pole east of Euca- Apr. 27 8.33 | 3,604 .46
yptus St.

See footnotes at end of table.
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Records of wells in Rio Grande Valley near El Paso—Continued
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Altitude!

side of road

See footnotes at end of table,

of measur- | Date of D?Bth ﬁfh‘g‘;“;g -
No. Looation ing point | measure- | . tor | lovel (feet | | 2007
b(feet ment, level | above sea | % mpler
& lg::sea (1936) | (foet) level)
30 | Euoalyptus St., in hole about 100 feet | 3,701.79 | Apr. 27 | 7.1 | 3,694.68 | Yes.
south of Southern Pacific tracks. ! .
31 | Southern Paocific tracks, south side, 3 | 3,701.61 | Apr. 27 7.40 | 3,694.21 | Yes.
feet west of first pole east of block
signal 8273. .
32 Pallfn I&t.. westt side, at first pole north | 3,702.77 | Apr. 30 | 9.35 | 3,693.42 | Yes.
of Myrtle -
33 In};ergano?gl boundary marker 2, 500 | 3,699.07 | Apr. 27 | 3.04 | 3,606.03 | Mo,
eet sou
34 Nosrthwest. corner of Ohve and Palm | 8,700.23 | Apr. 27 | 7.05 | 3,603.18 | Yes.
35 Sogth corner of Piedras and Central | 8,700.44 | Filled |-ocowoo|oaacccaoan Yes.
36 | On international boundary, 440 feet | 3,696.89 | Feb. 19 2.25 | 3,694.64 | Yes.
east of Texas Co., 3 feet east: of cus- . Apr. 27 | 3.52 | 3,603.37
toms warning slgn .
337 In?ergat:oltxalf boundary marker 7, 8 | 3,695.49 | Feb. 17 1.83 | 3,603.86 | Yes. _
eet west of.
38 | San Marcial St., west side, 2.5 feet | 3,701.08 | Apr. 28 8.47 | 3,692.56 | Yes.
south of first pole notth of San An-
tonio St. . .
39 | San Mareial 8t., west side, 3 feet south | 3,701.07 | Apr. 28 | 8.80 | 3,602.27 | Yes.
of pole south of alley. .
40 | San Marcial St., weet sxde. 2.5 feet | 8,699.58 | Apr. 28 | 8.37 | 3,691.16 | Yes.
ssr;uth of first pule south of Durazno .
41 | San Marecial St., west slde, at south- | 8,701.02 | Apr. 28 | 10.30 | 3,690,722 | Yes.
west_corner of alley between Oro .
and Maders Sts. .
42 | Alley between Madera and Manzans | 3,699.57 | Apr. 28 9.22 | 3,690.35 | M.
Sts., south side, 3 feet south of first
pole west of Luna. | .
43 | Luna St., southwest corner at South- | 8,699.20 | Apr. 28 8.61 | 3,600.59 | Yes.
ern Pacific tracks, .
‘44 | International boundary marker 8, 4 | 3,695.25 | Feb. 17 2.90 | 3,692.35 | Yes.
feet south of. Mar. 4| 3.75| 3,601.50 |
445 In};er?ahontaal boundary marker 9, 3 | 3,695.28 | Mar. 4 3.30 | 3,601,98 | Yes.
eet west of.
46 | Southwest corner Copia and Alameda | 3,609.86 | Feb. 17 | 9.03 | 3,600.83 | Yes.
Sts., 75 feet south of Alameda. Apr, 28 | 9.46 | 3,690.80
2.5 ft., south of tree. .
47 | Northwest corner Copia St. at South- | 3,697.59 | Apr. 28 | 7.31 | 3,600.28 | Yes.
ern Pacific tracks, ’ .
48 | Middle of vacant lot next to 3826 | 3,608.60 | Apr. 28 | 8.37 | 3,690.23 | Yes.
Manzana St.
49 | Alley between Alameda and Pera Sts., | 3,699.02 | Mar. 4 8.65 | 8,690.37 | Yes.
on west side of Travis - Apr. 28 | 9.03 | 3,689.99
50 | International boundary, at marker 12_|__________|.__. |~ ___|. Il __ 68,
51 | Latta St., west side, at canal ... __.__ 3,700.61 | Mar. 4 | 10.79 | 3,689.82 es.
Apr. 28 | 9.74 | 3,690.87 |
52 | Hammett Sti, east side, 300 feet north | 3,699.42 | Mar. 4 | 4.83 | 3,604.59 | Yes,
of levee. Apr. 28 | 5.14 | 3,604.28 | .
453 | International boundary marker 10, 3 | 3,695.21 Mx:;r. 4] 8.81 ] 3,601.40 | Yes.
feet west of. . L
554 | In old river channel, at second new | .. _ ... . .| o o o |ocoooolfeceacaaaas Yes.
. monument. .
555 | In old river channel, at third new |.__ .. _ | oo o L|ooeifememmacaas Yes.
monument (atamped 1130.659). -
56 | On east side Hammett Blyd. in cut on | 3;696.42 | Mar. 4 | 3.93 | 3,692.49 | Yes.
north side of old levee, Apr. 28 3.54 | 3,602.88 |
157 | East side Hammett Blvd., 2 feet south | 3,696.81 ar. 4| 4.96 | 3,691.85 | Yes.
. of drainage ditch. .
58 | East side Hammett Blvd., 1,800 feet | 3,609.80 | Mar. 4 | 8.38 | 3,601.42 | Ves.
lé;)rth tl)f No, 56, 2 feet north of Apr. 28 8.52 | 3,691.28
8t pole
59 Southeast corner Hammett Blvd. and | 3,697.97 | Mar. 4| 7.55 | 8,690, Yea.
Rivers St., Apr. 28 | 7:65 | 8,600.32 |
60 | Hammett Blvd.. at first pole north of | 3,608.40 | Mar. 4 | 8.95 | 3,689.45 | Yes.
. between pole and fence. Apr. 28 | 9.01 | 3,680.39 |
561 | At ntematmna.l Boundary Commis- |..._ o acoocoooifoamann I PR Yes.
. sion right-of-way marker 81+27.04,
2 feet east of pipe.
562 Cxty Disposal plant, ‘at first pole north |- ool e Yes.
563 | In park, at southwest corner of buffalo |._ . oo |oooeaeanfomoaaaafan ————— Yes.
en. ' -
64 Atpwest entrance to park, on south | 3,699.27 28 8.45 | 3,690.82 | Yes.
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above sea | (1936) PAA
level) (feet) level)
65 | East side Boone Ave., 25 feet east of | 3,607.71 | Apr. 28 8.44 | 3,689.27 | Yes.
streetcar tracks, 6 feet south of alley
between Alameda and Pera Sts,
66 | Northeast corner Rosa and Boone Sts., | 3,696.93 | Mar. 4 | 7.82 | 3,680.11 | Yes.
2.5 feet east of first pole, Apr. 27 | 7.94 | 3,688.9¢
67 | Northwest corner Rosa and Roosevelt - 3,606.47 | Mar, 4 | 7.94 | 3,688.5¢ | Yes.
Sts., 2.5 feet north.of first pole on Apr. 27 8.14 | 3,688.37
north-south power line. '
68 | At northeast gate to park, 2.5 feet | 3,698.75 | Apr. 27 9.57 | 8,689.1f | Yes.
west of west gate post.
69 | In Park, 81 feet west of East Park Rd., | 3,697.95 | Apr. 27 7.51 | 3,690.44 | Yes
57 feet south of Dunne Blvd., 2.5
feet south of light pole.
670 | On east side of park, 67 feet east of | 3,696.80 | Apr. 27 2:56 | 3,694.24 | Yes
road, 40 feet south of canal.
771 | In park, on west side of East Park Rd,, | 3,699.43 | Apr. 27 5.25 | 3,604.1F | Yes.
6 feet south of line of trees at south
side of lake.
72 | Disposal plant, 72 feet south of, on { 3,694.91 | Apr. 27 3.61 | 3,691.3C | Yes.
north side of embankment, 30 feet
east of metal culvert.
¥73 | Southeast of city dump, northeast of | __| . I . Yes
intersection of old and new levees.
74 | West side of Hadlock Place, at first | 3,607.37 | Apr. 27 8.25 | 3,689.12 | Yes
pole south of Alameda.
75 | In front of Burleson School, between | 3,696.79 | Apr. 27 7.79 | 3,689.0C | Yes.
first and second trees (from west).
76 | Southwest corner Alameda and Val | 3,697.70 | Apr. 27 8.25 | 3,689.45 | Yes
Verde Sts., at pole.
77 We;tlsi('i‘e oil Had)fock P1., 3 feet south | 3,699.93 | Apr. 27 8.77 | 3,601.1€ | Yes
of last pole.
78 | Hadlock Place, two blocks south of | 3,697.31 | Apr. 27 5.72 | 3,691.5¢ { Yes.
canal, at T-road on northeast cor-
ner. .
79 | Street two blocks west of Val Verde | 3,695.83 | Apr. 27 4.5 | 8,691.2¢ | Yes.
Ave,, 3 feet south of last pole on
west side of street. -
80 | Southwest carner of Blanco St. and | 3,696.75 | Apr. 27 6.02 | 3,690.9% | Yes.
the street two blocks west of Val R
Verde Ave, ' .
81 | Val Verde Ave., east side, 2.5 feet | 3,605.51 | Apr. 27 | 4.70 | 3,690.81 | Yes.
south of last pole.
82 | Val Verde Ave., east side, 0.2 _mile | 3,695.05 | Apr. 27 4.70 | 3,690.3f | Yes.
south of well 81,
83 | Val Verde Ave., east side, 2.5 feet | 3,695.06 | Apr. 27 4.56 | 3,690.5C | Yes.
south of pole opposite No, 419. '
84 | Val Verde Ave., east side, at first pole | 3,695.72 | Apr. 27 5.54 | 8,690.1¢F | Yes.
south of Blanco St. ..
85 | Val Verde Ave., east side, 2.5 feet | 3,698.98 | Apr. 27 8.31 | 3,600.67 | Yes.
south of second pole south of canal. ) |
86 | At northeast corner of Hawkins Dairy | 3,693.20 | Apr. 27 5.58 | 3,687.65 | No.
. on Southern Pacific right-of-way. .
87 | On grounds of El Paso City-County | 3,694.22 | Apr. 27 6.35 | 3,687.87 | Yes
Hospital, south of Southern Pacific
tracks, 2.5 feet west of first pole on
north end of street east.
88 | In rear of Evergreen Cemetery. 3,694.23 | Apr. 27 6.45 | 3,687.7¢ | Yes.
880 | At first pole east of northeast corner | 3,696.17 } Apr. 27 .. |ooinol Yes.
ofl City-County Hospital on Loose | -
vd.
90 | At first “Pick no Flowers” sign on | 3,606.50 | Apr. 28 | 4.74 | 3,691.7C | Yes,
U 8 80, east of El Paso city limits.
91 | Northeast corner Fourth St. and Texas | 3,704.16 | Feb, 17 | 7.12 | 3,607.04 | Yes,
gz Pacific tracks west of canal, inside Apr. 27 | 8. 15 ,696.03 .
ence. .
92 | Southeast corner of old Texaco re- | 3,706.55 | Feb. 17 4.11 | 3,702.4¢ | Yes
finery, 2 feet south of last post. Apr. 27 | 4.07 | 3,702.4¢
93 | West side of stockyards, about 50 feet | 3,703.76 | Feb. 17 2.52 ,701.24 | No.
northwest of southwest corner. Apr. 30 | 2.01 | 3,701.75
394 | Southeast corner of El Paso Milling | 3,709.60 | Feb. 17 7.69 | 3,701.91 | Yes,
Co., 3 feet east of last post. - Apr. 80 |oc e
95 | Southwest corner of Piedras and | 3,701.28 | Feb. 17 | 7.99 | 3,693.2¢ | Yes.
Magoffin Sts. Apr. 30 8.49 | 3,692.7¢
96 | Southwest corner Texas and Mag- | 3,700.41 | Feb, 17 7.38 | 3,603.0¢ { No.
nolia Sts., in rear of sign-board. Apr. 27 7.74 | 3,692.67
497 | CeBado St., west side at first pole | 3,699.49 | _______ | . _llicecomoana No.
south of alley between Alameda and
Frutas Sts.

See footnotes at end of table.
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Altitude! s
K "of measur- | Date of _D:gth :}t'":vt:ti:

No. Location ing point | measure- | L ton | lavel (feet | WV ATET
b(feet (1;1;;(;’) level | above sea sumpler
above sea

eve (feet) level)
98 Wg?t side of vacant lot on north side | 3,700.44 | Apr. 30 | 8.63 | 3,691.81 | No.
3200 block Rivera Street, 10 feet N
south of alley.

599 Sol\;th tz’:xde of canal, at pole on city | 3,609.84 | Apr. 27 | 8.68 | 3,601.16 | es.

mits line, )

100 | At fence on east end of Blanco Street, | 3,605.47 | Apr. 27 5.17 | 3,690.30 | “Ves.
in middle of street,

101 | Three feet west ht-of—wa.y sta. | 3,604.79 | Apr, 28 | 5.95 | 3,688.84 | "es.
20--00 on aoutl%a 8 80.

102 | At sir‘ighlti_-tg-g)ay Sta. 30400 on south | 3,693.31 | Apr. 28 5.35 | 3,687.95 | TTes.

103 | At'right-of-way Sta. 40+4-00 on south | 3,692.69 | Feb, 10 5.95 | 3.686.74 | “es,
side U 8 80, Apr. 28 4.98 | 3,687.71

104 | At nght-osf-gw(']ay Sta. 50--00 on south | 3,692.60 | Apr. 28 | 5.22 ,687.38 | es,
side U

105 | At right-of-way Sta. 61+12 on north | 3,692.45 | Feb. 10 6.08 | 3,686.37 | "Tes.
side U 8 80, Apn 27 7.30. | 3,685.15

106 | At nght—of-way Sta. 70+00 on south | 3,691.94 | Feb. 7 5.60 | 3,686.34 | es.
side 80. Apr. 27 5.05 | 3,686.89 |-

8107 | At nght-of—way Sta. 80-+00 on south | 3,689.74 | Feb. 7 | 4.43 | 3,685.31 | "7es.
side U 8 80. Apr. 27 -

108 | Mile post 825 on south side of South- | 3,692.98 | Apr. 27 5.36 | 3,687.62 | Yes
ern Pacific tracks, 2.5 feet east of.

109 | 135 feet_east of Southern Pacific oil | 3,604.84 | Apr. 27 | 8.18 | 3,686.66 | Yes
tank 2, 140 feet south of southeast .
corner adobe house on hill.

110 | 630 feet east of well 109, 85 feet west | 3,693.91 | Apr. 27 | 7.54 | 3,686.37 | "es.
of southwest corner of board fence.

111 | South side of Southern Pacific tracks, | 3,692.33 | Apr. 27 4.99 | 3,687.34 | "Tes.
3 feet east of first pole west of road

o Air Prod. Co.

112 South end of Chelsa Dr., 2.5 feet east | 3,695.05 | Apr. 27 | 6.89 | 3,688.16 | Tes.

ﬁrat pole west of, on south side of )

113 Colfa.x ‘8t., west side, 2.5 feet south of | 3,605.20 | Apr. 27 | 5.35 | 3,689.85 | Tes.
first pole north of old U S 80.

114 | Southwest corner of intersection of | 3,691.01 | Feb., 10 | 4.26 | 3,686.75 | Tes.
Southem Pacific tracks and Aubrey . Apr. 27 | 8.91 | 3,687.10.

115 Peg'ton Packing Co., south side gate, | 3,704.39 | Apr. 27 5.29 | 3,699,10 | No.

hind large bush (first gate at .
. stockyards),
116 | At orossing sign on railroad east of | 3,693.14 Feb. 6 6.51 | 3,686.63 | es.
. Glexiv;ood Dr., in ditch south of Apr. 27 6.15 | 3,686.99

117 | Old U 8 80, south side; at first pole | 3,602.67 Apr. 27 4.26 | 3,688.41 | Yes
west( ;)i intersection of Maryland

118 | Old U 8 80, south side, 0.2 mile east of | 3,694.18 | Apr. 27 5.95 | 3,688.23 | Yes,
well 117, at first pole on east side of
gurve,

4119 | Old U §'80, south side, 0,2 mlle east of | 3,695.27 | Apr. 27 | 3.75 ] 3,691.52 | Yes.
' , well 118, 3 feet east of

120 | Southwest corner Second ve . andold | 3,695.96 | Apr. 27 | 10.12 | 3,685.84 | Yes.
U 5 feet west of pole.

121 | 4th Ave.and US80. ________—_____|oooocoeafommmmenzefeaceoo L Yes.

122 | On ltlnty h!nslts 75 feet south of Ste- | 3,604.92 | Apr. 27 | 7.58 | 3,687.34 | “es.
phenson St.

123 | 0.2 mile northwest of well 122, 3 feet | 3,696.82 | Apr. 27 | 10.28 | 3,686.54 | Yes
east of third pole in depressmn on
northernmost city line. - -

124 | East end Durazno 8t., 3 feet north of | 3,695.41 Apr. 27 | 7.74 | 3,687.67 | Yes
“iD\:mpt no trash” sign on north side '
of street.

125 | West side Madison Street, 2 feet ‘west | 3,700.34 | Apr. 27 | 13.31 | 3,687.03 | Yes.
of pole below rim.

126 an 3:1:. Ave ., at third pole west of | 3,698.13 | Apr. 27 | 10.45 | 3,687.68 | Yes,

- adison 8 .

127 | Southeast corner Crocket.t St. and | 3,702.78 | Mar. 4 | 13.96 | 3,688.82 | Yes.
Manzana Ave., 1.5 feet west of Apr. 27 | 13.98 | 3,688.80 | _
Crockett 8t., 17 feet from fence,

128 | On U 8 80, at Ascarate. 3 feet east of | 3,693.50 | Feb. 7 7.26 | 3,686.24 | Yes.
first pole in second section of park- | - Feb: 10 | 7.10 | 3,686.40
ing. Apr. 27 7.67 | 3,685.83

8129 No?tgil side of old U B 80, 50 feet east | 3,601.27 | Feb. 7 4.65 | 3,686.62 | Yes.
oé Cotgonwood 8t., 25 feet northeast Apr, 27 | 3.67 | 3,687.60
of road.
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of measury| Date of ngth ;}lt‘:f:t‘:f
No. Locatio 1 ing point’ | measure- | o vor | lavel (fet | WV BUET
b(feeg on (‘fg"é‘é’] level | above sea | SBMPIEr
above
level) (feet) level)
130 | Alley 160 feet west of 1 'ivemile Bridge, | 3,694.23 | Feb. 7 7.63 | 3,686.60 |.Yes.
3 feet west of first pc le west of. Apr. 27 8.44 | 3,685.7°
131 | 2 feet west of pole on s yuthwest corner | 3,691.72 | Feb. 10 | 6.00 | 3,685.72 | Yes
of intersection, Seco 1d Ave, and the Apr. 27 | 5.10 | 3,686.62
second street south »f Old U 8 80.
132 | On Glenwood Drive  etween old and | 3,693.43 | Feb. 6 | 6.58 | 3,686.8% | Yes
new U 8 80, 3 feet 1rorth of pole in Apr. 28 5.86 | 3,687.57
front of yellow how e,
133 | West side” Glenwood Drive, 3 feet | 3,692.85 | Feb. 6 | 5.80 | 3,687.05 | Yes.
north of fifth pole, 1 outh of U 8 80. . Apr. 28 4.86 | 3,687.99
134 | West side Glenwood Drive, 3 feet | 3,692.33 | Feb. 6 | 5.18 | 3,687.15 | Yes,
south of 13th pole s uth of U 8 80. Apr. 28 | 3.20 | 3,689.13
136 | West side Glenwood Drive 2.5 feet | 3,601.42 | Feb. 6 4,21 | 3,687.21 | Yes.
south of pole 120 feet north of Apr. 28 | 4.22 | 3,687.20
Model Dairy sign.
136 | West side Glenwood Drive, 2.5 feet | 3,602.47 | Feb. 6 | 4.90 | 3,687.57 | Yes.
. south of fifth from ast pole. Apr. 28 3.88 | 3,688.5° .
137 | West side Glenwood Drive 3 feet | 3,691.69 | Feb. 6 4.27 | 3,687.42 | Yes.
south of last pole. Apr. 28 | 3.55 | 3,688.14
138 | South end Pendell Bt. Southeast | 3,600.49 | Feb. 6 4.27 | 3,686.22 | Yes
corner seepage ditel and levee. Apr. 27 | 2.14 | 3,688.3¢
139 | 0.2 mile north of new levee, at inter- | 3,601.16 | Feb. 6 4.25 | 3,686.91 | Yes.
section east of Gler wood Drive on Apr. 27 4,05 | 3,687.11
west side old levee .t T-road east. .
140 | 0.2 mile north of well .39, 30 feet east | 3,600.40 | Feb. 6 [ 3.68 | 3,686.77 ( Yes.
of old levee. Apr. 27 4.74 | 3,685.6°
4141 | 0.2 mile north of well 40 on west side | 3,688.98 | Feb. 7 2.27 | 3,686.71 | Yes
of Dtld levee, 270 feet north of T-road Apr. 27
east,
142 | 0.4 mile north of well 40, 75 feet east | 3,687.93 | Feb. 7 1.61 | 3,686.37 | Yes
of old levee. Apr, 27| D
143 | West side of First Ave, 0.2 milesouth | 3,691.44 | Feb. 7 6. 3,695.4¢ | Yes
of U S 80, 1.5 feet ¢ast of fence. Apr. 28 5.24 | 3,686.2"
144 | West side of First Ave , 0.4 mile south | 3,690.90 | Apr. 28 5.60 | 3,685.21 | Yes
U 8 80, 1 foot east f fence.
145 | South end First Ave., 1.5 feet north of | 3,690.88 | Apr. 28 6.59 | 3,684.2" | Yes
International Bow dary Commis- -
sioh monument 14, n oid channel. .
146 | West side of Aubrey Rd., 0.2 mile | 3,602.70 | Feb. 10 | 5.77 | 3,686.97 | Yes.
south of U 8 80. ' Apr. 28 | 4.34 | 8,688.3°
147 | In center of Aubrey Rd., at south end..| 3,601.87 |'Feb. 10 | 4.90 | 3,686.97 | Yes,
. Apr. 28 | 3.12 { 3,688:75
148 | 0.2 mile south of well 147 under fence_| 3,691.13 | Feb, 10 | 4.45 | 3,686.8° | Yes.
. Apr. 28 | 2069 | 3,688.44
149 | 0.4 mile south of well 147, in field, 25 | 3,601.26 | Feb. 10 | 4.24 | 3,687.0" | Yes
qu:thsouth of east west irrigation Apr. 28 3.96 | 3,687.37
itch. . R .
150 | Maryland Rd., soutl end, 0.2 mile |.._.___._. Feb. 10 | 5.34 |oeaeo Yes.
south U S 80. Apr. 27 3.85
151 | South end Collings'rorth Rd., on | 3,690.60 | Feb. 10 3.86 | 3,686.74 | Yes
northwest corner. Apr. 28 | 2.48 | 3,688.1°
152 | Pendell St., southend ... _.._...__.. 3,6902.91 | Apr. 27 | 5.51 | 3,687.4" | Yes
153 | Walker 8t., southend .._____________ 3,688.07 | Feb. 10 | 0.86 | 3,687.21 | Yes
Apr. 27 1.57 ,686, 5%
154 | First Ave., north of evee, on north | 8,691.68 | Feb. 10 | 5.72 | 8,685.97 | Yes
property line of las house on west Apr. 27 5.67 | 3,686.01
side.
155 | Fourth Ave., west sid(, 0.2 mile north | 3,692.13 | Feb. 10 4.97 | 3,687.16 | Yes
of U 8 80. Apr. 27 4,09 | 3,688.01
156 | Northeast corner El P 150 Natural Gas | 3,692.98 | Feb. 10 8.47 | 3,684.51 | Yes
Co. on U S 80. Apr. 27 | 8.06 | 3,684.97
157 | South side U S 80, 10 feet south of 2d | 3,688.05 | Feb. 10 | 4.26 | 3,683.7" | Yes
pole, east Gateway (‘offee Shop sign. Apr. 27 3.85 | 3,684.2"
158 | On nzrt}; si?le7°3f new levee, 0.2 mile | 3,606.07 | Apr. 28 6.41 | 3,689.6” | Yes
east of wel ,
159 | On north side of new levee, 0.4 mile | 3,693.82 | Apr. 28 | 5.02 | 3,688.8% | Yes,
east of well 73, Lo
160 | On north side of new levee, 0.6 mile | 3,695.68 | Apr. 28 6.98.1 3,688.6% | Yes.
.east of well 73, at International
Boundary Commission Sta., 98- .
161 | East of Glenwood Dr., in fence corner | 3,692.14 | Feb. 14 | 2.77 | 3,680.3° | Yes.
in middle of old channel north of Apr. 27 | 4.09 | 3,688.0%
new levee, .
5162 OHUl\g land Rd., 0.2 mile north of | . . | i ecaaiaanan Yes
163 Onséaubtey Bd., 0.2 mile north of U S | 3,692.81 | Apr. 28 5.31 | 8,687.50 | Yes,

See footnotes at end of table.
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Altitudet +
of measur-| Date of ngﬂ’ f:‘flt:::&:
No. Loocation ing point | measure- | o oo, | javel (foet | W BbET
(feet ment le above sea sampler
above sea | (1936) | (feet) | level)

164 | (Nowell) .o eamccae

165 | 0.2 mile south of U 8 80, on road | 3,603.57 | Apr. 28 4.47 | 3,689.10 | Yes
through field, 15 feet north of first
tree on west. (Road south at ROW
Sta. 10-+5.)

166 | 0.4 milesouth of U 8 80 on aboveroad, | 3,692.15 | Apr. 28 | 3.24 | 3,688.91 | Yes:
201088 bridge‘ in hole west of road.

167 | 0.6 mile south U on west side of | 3,695.71 | Apr. 28 { 6.38 | 3,680.33 | Yes,
above road, on side of ditch. .

168 | 0.8 mile south of U 8 80, west of above | 3,603.84 | Apr. 28 4.24 | 3,689.60 | Yes,
road, 20 feet eouth of large tree.

8169 Eu% Ofcl intersection of levees south of 3 694.51 | Apr. 28 | [ ... ... -] Yes.
city dump., .

170 | In embankment south of city dump, | 3,694.87 | Apr. 30 3.38 | 3,601.49 | Yes
at middle of curve on north side. .

4171 | Northeast of interseqtion of levee and | 3,695.38 | Apr. 80 | ... .| cocaann. Yes.
. sewer line southwest of city dump.

172 | 0.2 mile east of intersection of new | 3,692.13 | Feb. 14 .73 | 3,687.40 | Yes
levee and old Mexican Railroad em- Apr. 28 | 3.73 | 3,688.40
bankment, east of well 161, on south
side of new levee.

173 | On south side new levee, 0.2 mile east | 3,600.08 | Feb. 14 3.64 | 3,686.39 | Yes
of well 172. Apr, 28 2.68 | 3,687.3

%174 | On south side new levee, 0.4 mile east | 3,689.32 | Feb, 14 | 3.92 | 3,685.40 | No.
of well 172, Apr. 28
175 | Northwest of intersection of Ascarate | 3,686.19 | Feb. 14 | 4.97 { 3,681.22 | Yes.
. ?pillway and slough north of new Apr. 28 4.42 | 3,681.77
evee.

176 In(o en ﬁxld 1),000 feet east of well 144 | 3,600.75 | Apr. 28 | 6.02 | 3,684.73 | Yes.

irst Ave.),

177 | 1.5 feet east of, International Bound- | 3,601.52 | Apr. 28 | 6.12 | 3,685.40 | Yes
ary Commission marker 11, in river .
channel west of First Ave. N

178 | On south side of old railroad embank- | 3,690.41 | Feb. 14 } . 5.46 ,684.95 | Yes.
ment, 0.35 mile west of east end. Apr. 28 | 5.50 | 3,684.82 '

179 | 0.4 mile north of old rdilroad embank- | 3,691.67 | Apr. 28 .59 | 3,685.08 | Yes.
ment, along dirt road north at well .

180, on west side. .

180 | On north side of railroad embank- | 3,680.10 | Feb: 14 | 5.22 | 3,683.88 | Yes
ment, 0,15 mile west of east end. Apr, 28 | 5.33 | 3,683.77

181 | At east end of old railroad embank- | 3,687.30 | Feb. 14 | 4.53 | 3,682.77 | Yes,
ment. Apr. 28 | 4.13 | 3,683.17

182 | On east side of old railroad embank- | 3,692.46 | Apr. 27 | 5.91 | 3,686.55 | Yes
ment, 0.2 mile north of new levee.

183 | On south side of old railroad embank- | 3,691.85 | Apr. 27 | 6.10 | 3,685.75 | Yes.
ment, 0.4 mile north of new levee. Apr. 28 | 6.14 | 3,685,71

184 | About 1,000 feet (paced) east of well | 3,691.13 | Apr. 27 | 4.58 | 3,686.55
182, on line parallel to new levee.

185 | About 1,000 feet (paced) from well 183 | 3,691.42 | Apr. 28 | 6.36 | 3,685.06 | Yes
on line parallel to new levee, . .

186 | About 1,000 feet (paced) from well | 3,600.34 | Apr. 27 5.69 | 3,684.65 | Yes.
184, on line parallel to new levee.

187 | From midpoint between wells 178 and | 3,600.15 | Apr. 27 5.09 | 3,684.16 | Yes.
180, south 500 feet along a line at

ht angle to embankment. .

188 | About 1, feet from levee, south at | '3,688.51 | Apr. 29 3.27 | 3,685.2¢4 | Yes
right angle at well 181.

189 | From midpoint between wells 180 and | 3,688.20 | Apr. 27 | 4.32 | 3,683.88 | Yes.
181, south 6.3 feet, 1,000 feet along
a lnza at right angle to embank-
ment. .

190 | On T-road north at well 180, 0.2 mile | 3,689.67 | Apr. 28 6.12 | 3,683.55 | Yes.
north of embankment in fork of
road..

5191 | (No well).ouno oo ccceoccmaccaan

192 | On east side of fence in_old channel, | 3,685.85 | Apr. 28 | 3.47 | 3,682.38 | Yes.
280 feet north of International .

?Ooundsry Commission monument

193 | On east side old channel, on west side | 3,6906.93 | Apr. 28 | 5.66 | 3,601.27 | Yes
of indistinct road, 170 feet west of :
west embankment of Ascarate spill-
way. .

194 | On west side old channel, 10 feet east | 3,687.27 | Apr. 28 | 4.65 | 3,682.62 | Yes.
of International Bo ommis-

| sion bench mark stam 3647.09. '

195 3,687.72 | Apr. 28 | 5.24 | 3,682.48 | Yes.

800 feet east of west end of railroad
embankment. ,

Ses footnotes at end of table.

.
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Records of wells in Rio Grande Valley near El Paso—Continued

Altitudel .
of measur- | Date of D:gth oAfltvl::&:
Ne. Location ing point | measure- | L vor | level (feet | VW Eter
(feet ment level bove ses | Sampler
above sea | (1936) ey aho
level) (feet) level)
196 | 750 feet north of well 174, at right | 3,687.35. | Apr. 27 | 4.39 | 3,682.9€¢ | Yes.
angle to new levee.
197 | 150 feet east of old channel, 150 feet | 3,688.91 | Apr. 28 7.31 | 3,681.6C | Yes.
north of T-road east, (road leads to
customs sign) on west side of indis-
: tinet road.
198 Nort.heast corner of Piedras and Dur- | 3,701.89 | Apr. 28 | 9.42 | 3,692.47 | Yes.
azno 8
199 | Southesst corner of Manzana and | 3,700.66 Apr, 28 | 8.87 | 3,691.79 | Yes.
Raynor Sts.
200 So'\dlthensstts corner of Piedras and Ma- | 3,702.05 | Apr. 28 | 9.62 | 3,692.43 | No.
era
201 | 1.5 feet west of first é)ole in alley be- | $,701.67 | Apr. 28 | 10.58 | 3,691.00 | Yes.
tl.{ween Oro and Madera Sts., east of
aynor.
202 Southwest corner of Cebada and Oro | 3,701.04 | Apr. 28 | 10.59 | 3,690.45 | No.
8Sts., 3 feet south of pole. .
203 Soi‘ll:‘,ﬂ;e:i'it gomer of White Osks and | 3,705.16 | Apr. 27 | 15.02 | 3,690.14 | No.
str
204 N(i‘rtheaéiés corner of White Oaks and | 3,703.97 | Apr. 28 | 13.97 | 3,690.00 | Yes.
205 | Southwest corner of Willow and | 3,704.67 | Apr. 27 | 10.05 | 3,694.62 | Yes.
Wyoming Sts.
10206 | Missouri St., at second pole east of | 3,702.78 | Apr. 27 |eooo|ocmmmncenn Yes.
railroad crossing (pole 23330).
207 | Missouri St,, 1.5 feet west of first pole | 3,701.78 | Apr. 27 7.60 | 3,694.18 | Yes
east of Walnut St.
208 Southenst corner of Palm and Wyom- | 3,702.72 | Apr. 27 | 8.67 | 3,694.05 | No.
209 Novllsrtghwest corner of Poplar and | 3,704.37 | Apr. 27 | 116.92 | 3,697.45 | No.
yomin,
210 Misslt:uns St at ﬁrst pole east of Mag- | 3,703.33 | Apr. 28 | 9.75 1 3,693.58 | Yes.
nolia .
211 Mg:oun St. at first pole west of Maple | 3,704.96 | Apr. 27 | 12.38 | 3,692.58 | Yes.
212 | 50 feet north of second side embank- | 3,690.40 | Apr. 28 5.55 | 3,684.85 | No.
ment from east end of old railroad
embankm
213 | 50 feet north of third side embank- | 3,691.25 | Apr. 27 | 115.93 | 3,685.32 | Yes.
ment from east end of old railroad
embankment.
12214 | 750 feet east of well 177 by fence in | 3,692.41 | Apr. 27 | | wmmmanoo Yes.
middle of old river channel.
215 | 250 ‘feet east of well 177 by fence in | 3,601.14 | Apr. 28 | 5.91 |.3,685.23 | Yes.
middle of old river channel. . .
216 | 500 feet east of well 177, by fence in | 3,691.35 | Apr. 28 6.32 | 3,685.03 | Yes.
middle of old river channel, -
217 | 250 feet east of well 145, by fence in | 3,690.99 | Apr. 28 | 6.52 3,684.47 | Yes.
. . middle of old river chennel, ‘
218 | At base of rim in arroyo, 200 feet east | 3,698.57 | Apr. 27 | 12.71 | 3,685.86 | No.
of Chelss Drive. . .
219 | At base of rim in arroyo, 0.2 mile east | 3,708.48 | Apr. 27 | 22.89 | 3,685.5¢ | No.
of Chelsa Drive.
220 | Atfencein old pit on north side of rail- | 3,714.76 | Apr. 27 | 27.53 | 3,687.23 | No.
?ad :;t Fivemile Bridge (north side
221 | East of Southern Pamﬁc oil tanks, at | 3,698.77 | Apr. 27 | 12.42 | 3,686.35 | No.
southeast corner of roperty
222 | North side of North Loop H at base | 3,608.85 | Apr. 28 | 12.35 | 3,686.50 | No.
of rim, 0.2 mile east of Ascarate. -
223 | On south side of North Loop Rd., 0.6 | 3,696.77 | Apr. 28 | 10.89 | 3,685.88 | No.
mile east of Ascarate.
224 | Southwest corner of North Loop Road | 3,690.22 | Apr. 28 [ 3.83 | 3,686.39 | Yes.
and T-road south.
225 | Northwest corner of Copia and Rivera | 3,697.79 | Mar. 4 | 6.57 | 3,601.22
Sts. Apr. 28 | 6.60 3,691.19
226 | (No well.) oo oo oo ofe e
10227 | 200 feet north of North Loop Rd. in | 3,695.19 | Apr. 28 | 11.10 | 3,684.09 | No.
fence corner, 1.25 mile east Ascarate. A
13228 | On west side T-road north, 1.45 miles | 3,600.34 | Apr. 28 | 7.40 | 3,682.984 | No.
east of Ascarate, 2 feet east of pole.
229 | (No wellyo o coceoaea e oca oo me e aaa .-
13230 n east side of road to El Paso Dairy, | 3,600.35 | Apr. 28 8.70 { 3, 681 65 No.
3 feet south of first pole.
231 IR | S P PRI PRI FSUOE S PPN SISl warn
232 | In field on west side Glenwood Drive, | 3,694.06 | Apr. 28 5.79 | 3,688.27 | Yes.
80?1 feet west and 700 feet north of . .
" wel

See footnotes at end of table,
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Altitude! .
of measur-| Date of D‘thh 9{1?::6%;9
No. Location ing point | measule- | oior | Jovel (feet | V20T
(feet ment level | above sea sampler
sboveses | (1936) | (feet) | level) -
233 | About 1,000 feet north of well 232, in | 3,694.16 | Apr. 28 | 6.03 | 3,688.13 | Yes.
same field and 30 feet east of tree.
234 | About 1,000 feet north of well 233, in | 3,694.29 | Apr. 28 5.32 | 3,688.97 | Yes.
same field and 30 feet east of tree.
285 | (Nowell.) o leeee oo |emeicm e femmmccc e mm s
236 n east side of Ascarate spillway, 60 | 3.689.43 | Apr. 27 | 6.79 | 3,682.64 | Yes.
fe(:t 1imrth of south end of concreted
iteh. :
237 | On east side of Ascarate spillway, 700 | 3,688.62 | Apr. 27 5.87 | 3,682.75 | Yes.
feet south of well 236.
238 | On east side Ascarate splllway. 925 | 3,687.54 | Apr. 27 5.61 | 3,681.93 | Yes.
{leet south of well 237 at Mexican .
ouse,
239 | On east side Ascarate spillway, 1,190 | 3,686.60 | Apr. 27 5.45 [ 3,681.15 | Yes.
feet south of well 238.
240 | On east side Ascarate spillway at | 3,687.26 | Apr. 27 5.94 | 3,681.32 | Yes
wooden ditch-gate, 1,220 feet south '
of well 239.
241 | Along lateral, 750 feet east of well 240, | 8,686.00 | Apr. 27 4.61 | 3,681.39 | Yes
7.5 feet east of last tree.
242 | Northeast corner of Wyoming and | 3,705.%1 | Apr. 27 9.91 | 3,695.20 | No.
Cotton Sts. .
243 | In northern B art of gravel pit west of | 3,701.87 | Apr. 27 | 15.55 | 3,685.82 | No.
. Highway Dept. Building.
5244 | On_ International boundary south of |- | oo |ecomofoccoooool Yes
Peyton Packing Co., on north side
of slough.
8245 | Southeast corner of Poplar and Mis- || oo Yes,
souri .
6246 | South side of Southern Pacific R.R. | | el Yes.
tracks at Poplar S
5247 | South side of 0old U S 80 atsecond pole |- _.______f L |ecooe__focooooooo Yes.

west of Prati store.

1 Measuring point was top of 1-mch casing at ground level.
2 Pipe stolen June 17,
3 Pipe stolen. Depth to waber probably in error.
¢ Pipe stolen.

§ Pipe stolen before levels were run.
¢ Water level high because of canal.
7 Water level high because of lake,

8 Filled with sand.

? Covered in grading river bank.

12 Hole dry.

11 Depth to water probably in error
12 Dry at 6.2 feet.

13 Beyond east limit of map,
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Analyses of water from hand-bored test wells in Rio Grande Vealley near Il Paso
‘Well numbers correspond to numbers in table of hand-bored test wells. Analyzed

[Parts per million.

under direction of E. P. Schoch, University of Texas (W,P.A. Project 1669)]

Date of | ,.Total Sogium
ate O] . and po- . .
dissolved - Magne- . Bicar- . Total
No. °‘t)iu::' solids C?g’l‘;m sium (ﬁa“_‘l‘_"i‘{) bonate s(‘él&ge Ch(lé)f;de hardness
(1936) (10’::;:)- (Mg) (:alcu- (HCO3) as CaCOs
a;
lated)
January
6 440 200
6 180 440
3 230 450
6 390 410
3 320 370
6 400 430
6 280 460
6 380 790
6 180 420
6 180 430
3 400 670
3 480 840
3 580 870
3 210 360
3 1,200 2,200
6 110 290
6 600 340
6 360 510
[} 150 78
[] 220 160
6 78 410
[} 380 600
8 550 870
8 190 230
8 3,900 410
8 3,000 3,700
8 240 160
8 880 390
8 1,600 130
8 1,000 600
10 490 740
10 1,600 390
10 240 700
10 310 790
10 860 720
10 760 { 1,100
10 370 320
10 4,900 | 1,900
10 800 | 680
10 980 1,200
10 580 ,400
10 490 280
10 880 | 1,100
10 2,600 [..oo.__..
13 320 480
13 380 680
13 500 260
13 500 460
13 5,300 [ 5,300
13 420 490
13 160 360
14 - 140 240
14 210 360
14 970 | 1,800
14 190 400
14 240 400
14 220 650
14 360 480
14 330 440
14 230 360
15 220 400
15 1,900 840
15 1,200 1,000
15 270 220
30 210 440
30 280 400
30 190 230
16 260 430
16 290 460
16 3,400 3,200
30 340 560
30 440 880
30 730 1,200
30 340 800
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Analyses of water from hand-bored test wells in Rio Grande Vallsy near Bl Paso—Con.

' Date of | gimotved M i o | o \ Total
No. collec- | “00 Calcium 'me- tassium | ;::;; Sulfate | Chloride |, < 9%
Hon | (calew- | €& | (Mg |Na K (Hco,) | B0 | €D },Cqc0,
(1936) ated) (lea.leu
ated)
2,600 310 65 © 520 610 900 ‘520 1,000
1,400 150 ‘33 320 350 360 | . 380 520
1,900 240 43 340 390 520 440 760
1,300 120 19 400 470 380 190 380
2,100 130 23 570 0 960 220 420
2,100 270 74 430 420 550 590 9
1,800 130 400 340
2,300 340 70 360 370 600 700 1,100
2,500 240 48 610 20 710 670
2,400 220 38 590 610 800 460 720
870 1 14 160 230 400 160 340
1,700 170 28 |, 430 490 400 460 530
1,100 120 33 250 380 3 230
980 110 35 200 350 270 420
3,800 310 50 1,000 800 830 1,200
1,200 190 33 200 200 410 2 620
2,100 160 31 580 670 550 430 540
5,500 51 1,900 360 540 2,600 720
2,100 220 51 500 340 €90 510 780
1,200 100 26 310 270 350
- 890 60 19 200 250 140 150 230
1,000 140 16 180 180 370 220 420
1,400 180 350 340 400 320 560
1,200 120 16 180 350 |- 300 370
2,900 330 100 590 490 | 1,200 1,200
10,000 200 62 , 500 850 | 2,600 3,400 760
28,000 1,800 590 8,200 530 | 1, 16,000 6,900
4,500 160 38 1,500 300 710 f
1,700 88 520 350 540 330 260
2,300 83 27 760 580 400 760 320
1,600 48 36 460 420 350
1,100 120 26 250 380 300 240 420
2,200 370 77 330 380 710 1,200
2,100 21 730 660 590 420 160
1,100 110 21 260 240 -340 240 360
1,000 100 230 350 200 - 360
3 6,200 760 320 1,200 890 650 3,100 3,200
3 4,300 160 B85 1,400 540 920 1,600 630
-8 5 200 69 35 1,800 570 920 2,100 320
3 2,800 410 70 490 500 710 860 1,300
3 11,000 140 62 3,700 990 | 3,100 3,400 610
3 7,100 200 1,900 840 , 2,000 1,800
4 6,300 250 120 1,900 440 | 1, 2,800 1,100
4 1,200 | 370 260 220 36
4 1,400 150 50 300 380 360 320 480
4 1,100 140 26 250 300 360 230 440
4 1,400 72 15 410 340 320 40
4 3,900 250 94 1,000 790 | 1,200 ' 990 1,
41 1,100 170 25 1 300 280 530
4 1,000 80 20 250 280 360 160 280
4 2,300 210 510 520 770
4 2,700 320 66 540 790 790 560 1,100
4 1,100 150 . 28 210 350 260 490
5 1,200 140 37 270 190 330 500
5 1,200 140 30 240 280 280 460
5 1,500 140 30 370 450 330 400 480
5 1,200 130 30 250 280 360 280 450
5 1,800 190 36 260 570 320 280 620
5 2,000 220 680 540 400 720
5 1,500 130 23 390 450 320 420
"8 1,400 2 350 360 380 670
6 2,300 400 52 380 430 780 440 960
[} 2,300 210 52 560 620 700 730
6 2,600 140 33 730 540 900 490
6 960 54 8 210 190 1
(] 2,000 140 25 640
6 3,500 180 42 1,100 1,000 460 1,200
6 3,700 390 86 790 740 240 1,100 1,300
[} 1,200 150 25 30 320 280 80
[} 2,400 260 71 80 480 930
[} 2,700 280 100 740 940 \ 1,000 1,100
7 1,500 160 26 200 4
? 1,000 120 28 190 220 330 220 420
7 1,100 150 23 200 270
7 940 87 23 240 550 84 220 340
7 1,800 220 3 530- 360 720
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Analyses of water from hand-bored test wells z'nL Rio Grande Valley near El Paso—Con.

Date of | , Total Sogium
e | dissolved jure | Magne- | $2C.PO" | Bicar- : Total
No. c(;}}::%— solids C”("&‘)‘m sium (ﬁf“_"‘_“%) bonate s(‘é‘g:ge Ch(lcoi-)xde hardness
(1936) (lcatle%“)- (Mg) {calou- (HCOs) as CaCOs
a
lated)
150 280
580 1,100
650 620
580 600
560 1,100
230 420
230 440
340 - 940
360 610
480 440
260 410.
400 760
340 270

January
-6
6

- 6
23
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. RECORDS OF SHALLOW TEST HOLES
' ON THE MESA .

1. 5 miles east of El Paso in first depression on Carlsbad road, 10 feet north of rirht-of:way
marker 290 4 00 on north side of Carlsbad road

Moisture Moisture
(percent Depth {percent Depth
by weight) | (feet) by weight) | (deet)
Surface sand...._._________ 1.9 0 Sand, very little caliche____ 6.£5 8
ery finesand_____________ 3.7 1 DO 5.73 9
Sandﬁ elay oo 8.6 2 6.92 10
L TS 5.81 3 2.€2 11
Sandy caliche__.___________ 5.27 4 3.Ca 12
Sandy ¢lay e 6.12 5 3.37 13
5.25 6 3.49 14
7.04 7 1.57 15
2. 160 feet south of well 1
2.09 0 Sand% elay. o 5.04 5
10.19 1 0. 5.25 6
6.96 2 DO e 5.80 7
5.68 3 Sandy caliche__._________ 5.8 8
5.13 4
3. 9 miles east of El Paso in second depression on Carlsbad d, opposite right-of-w+y marker
530 4 00 on south side of rm
Surface sandean oo 1.61 0 Sandg caliche. ... an 7.3° 4
Sandﬁ caliche.. 8.69 1 [ ——— 6.21 5
L+ S 9.08 2 6.07 6
Dot . 7.89 3 6.37 7
4. 200 feet east of hole 3
1.350 1] 7.07 8
10.5 1 7.0% 9
7.88 2 6.07 10
13.3 3 4.7° 11
12.1 4 4.02 12
9.85 5 3.2% 13
8.99 6 2.93 14
8.33 7 .
5. 300 feet south of hole 2
Surface sand (fine)-wcoceen.. 0.88 0 Finesand.__._.____ SR 2.36 6
Sandg clayaeoao oo - 6.23 1 L S 1.76 7
0 - 6.55 2 Sand and gravel--..._ 47 8
Fine caliche. - 5.84 3 Coarse sand and grav: 1.41 9
(s SR - 5.94 4 Sand-_- 2.0¢ 10
Fine sand-commococcmamoaaoo 2.96 5 ) 0 I I 4.20 11
6. 300 feet south of hole 5
0. 0 Sand, clay and caliche. 5.0° 6
5.90 1 Sand, clay and gravel 3.76 7
6.99 2 Sand and gravel.... 2.66 8
6.21 3 D 2.20 10
5.29 4 2.22 10
4.62 5 2.49 11
7. 300 feet south of hole 6
Surface sand. . 0.504| © Sand and clay......_ Jowmae 7
Sand and clay 11.9 1 Finesand .. _____ 4.76 8
Sand, clay and 10.7 2 2.27 9
Do '9.07 3 3.31 -10
9.70 4 1.92 11
6.40 5 1.81 12
6.00 6 N
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8. 300 feet south of hole 7

Moisture Moisture
Depth Depth ~
(percent (percent
by weight) (feet) by weight) (feet)
Surfacesand....___________ 0.893 0 Sand_._ ... 3.30 6
Sandy clay .. -.oco .. 7.40 1 DoOccceeeea e —— 1.468 7.
Sand and caliche._____ 6.30 2 Fine sand .......... ——- 1.71 8
Sand, cla.y and caliche_ 7.83 3 || . Doeoeeeco... ——- 2.21 9
.............. 7.10 4 Sand and gravel..________ 2.39 10
Sand ...................... 4.26 5
9. 300 feet south of hole 8
0.985 0 Sand and caliche ... .. 7. 5
10.01 1 Sand...._..__. ——— 4.01 6
Do 9.78 2 Fine sand---_ - 1,93 7
Clay and calich 10.30 3 Very finesand..._.... ... 0 8
Sand and caliche. 6.68 4
10. 300 feet south of hole 9
Surface sand. .- _.._.______ 0.696 0 Sand and caliche__.______ 4.14 6
Sand and elay.eoeee ... 5.92 1 Do 5.05 7
Do 6.54 2 Cahche-_- 6.82 8
5.31 3 5.42 9
6.03 4 3.82 10
4.51 5
11. 300 feet south of hole 10 on the rim of first depression east of El Paso
0.636 0 3.77 6
4.40 1 5.08 7
4.98 2 4.16 8
3.95 3 2.66 9
4.38 4 1.55 10
5.67 5 '
12, 300 feet north of hole 1
0.83 0 3.74 5
6.50 1 5.05 6
5.18 2 2,67 7
3.99 3 8
7.04 4
13. 300 feet north of hole 12
0.828 0 Clay and caliche.._.__.... 7.20 8
3.26 1 Sandy caliche_... 8.46 9
5.19 2 Very fine sand._ - 8.36 10
4.28 3 Sandy caliche 9.93 11
5.54 4 Clay and caligl 15.60 12
11.76 5 0-- 14.32 13
15.30 6 Clay... 17.20 14
16.62 - 7
14. 300 feet north of hole 13
0.572 0 Sand; cahehe ............ 4,33 5
6.76 ) U | S b [ T U 7.68 6
6.77 2 Cahche, sand and gravel... 6.87 7
4.56 3 Very fine sand..oo.._.. 2.74 8
4.76 4 ) 5 1 SN, 2.04 9
15. 300 feet north of hole 14
0.812 0 2.61 6
6.06 1 2.84 7
13.20 2 2.70 8
9.05 3 2.98 9
‘4.59 4 3.97 10
3.14 5 3.08 1
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16. South side of Carlsbad rol‘ld,« opposite right:af-way marker 310 4 00

Moisture Moisturs
Depth Depth
ppercent | Gett b woghn | (et
Surface sand 0.171 0 Sand, very little caliche.___ 3.14 4
Sand and clay. 4.54 1 L I 2,37 5
DO 5.23 2 Caliche, very little sand.___ 6.7 6
DO e 4.64 3
17. 300 feet west of hole 16
[No sample taken below a depth of 8 feet}
0.322 [ 5
8.13 1 6
6.65 2 7
6.25 3 8
5.20 4 9

Surface sand-. ... 0,270 0 Sand, little caliche..__.__. 11.45 10
Sand and clay_ 3.31 1 ine sand..-o ... - 5.27 11
Do .. 6.45 2 Very fine sand___. —— 2.69 ‘12
) 5 2. TN 5.41 3 Sand, little gravel. ._..... 1.73 13
Sand..o oo ... 5.58 4 Very coarse sand--——————- 2.99 14
Do 5.73 5 [SENY: S 4.27 15
Sand and little ealiche. 7.04 6 Sand, very little gravel .___ 1.8756 16
0o omniaoe 8.54 7 Gravel and coarse sand.... 1.29 17
Clay, little caliche.. .. 11.10 8 O e m 1.35 18
Caliche, little clay..._._____ 10.1 9 Sand and fine gravel______ . 1.58% 19
19. 300 feet west of hole 18
[No sample of hard caliche taken]
Surface sand...._.____ - 0.565 0 Caliche and sand....._.__ 6.27 4
Band, little caliche_ - 3.73 1 Sand and caliche._. 6.8% 5
Do . - 4.11 2 Hard caliche_ ...l ___ PR 6
Sand, very little coliche-__._- 6.90 3
20. North side of Carlsbad road, opposite row marker 360 +- 00
Surface sand... ... ....... 0. 0 Sand and little caliche-___.{ 10.21 6
ay and sand__ ... ... __ 10.75 1 Y S 5.16 7
Clay and little caliche. 12.72 2 Sand and gravel..._ - 4.92 8
Clay and caliche...____ 11.80 3 Doee el - 1.83 9
Sand, clay and caliche. 9.65 4 Coarse 8and--voo e oeue- 1.087 10
Sand and ealiche......_____ 8.06 5
21. 330 feet west of hole 20
1.38 0 Fine sand... 2.6° 5
Sa 6.56 | 1 0-.-m 214! 6
Fine sar 3.98 2 Very fine s 1,18 7
Band, little 5.85 3 [ S 1.37 8
Fine sand..... 4.63 4 Sand, very little gravel 1.0* 9
22, 300 feet west of hole 21
Surface sand.._..___.._____ 0.54 0 1.44 10
Sand and caliche.._.._..___ 5.03 1 1.72 11
Sand and little caliche______ 3.84 2 1.53 12
D 4.16 3 2.00 13
2.78 4 1.57 14
2.82 5 1.4 15
1.535 1 6 9.27 16
1.36 7 5.6 17
1.63 8 3.27 18
L7 |9 3.31| 19
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23. On Carlsbad road, in first depression 500 feet west of right-of-way marker 290 - 00

Moisture Moisture
(percent %ggg‘ (percent ]()‘:gg‘
by weight) by weight)
0 4.67 7
1 6.85 8
2 7.11 9
3 5.06 10
4 6.41 11
5 7.18 12
6
right-of-way marker 280 - 00
0 Clean fine sand-__________ 3.07 10
1 Sand and caliche__._______ 5.59 11
2 8.96 12
3 13.52 13
4 9.44 14
5 Clay and caliche.._._..._. 14.09 15
6 Clay and sandy caliche___. 10.80 16
7 Clay e cececcceeee - 18.30 17
Sand, clay and calich 8 Clay and caliche_______ - 15.85 18
Clean fine sand. 9 Clay and sandy caliche..._ 10.18 19

25. 250 feet west of right-of-way marker 370 4 00. In second depression east of El Paso

5.46 0 5.96 7
5.97 1 8.72 8
6.82 2 14.43 9
4.28 3 12.21 10
5.48 4 13.90 11
5.72 5 12.88 12
6.34 6
26. Opposite right-of-way marker 370 - 00
0.88 0 Sand and silt 7.16 9
6.88 1 Sand, caliche an. 7.52 10
i 6.35 2 Fine cleansand......_._ .. 3.90 11
Very hard caliche... 9.15 3 Coarse sand (clean)_._____ 3.32 12
Sand and hard caliche_______ 6.48 4 O e e 2.11 13
DO 6.17 5 (I S, 2.60 14
DO e 8.33 6 Coarse sand (silt).._._____ 2.14 15
Do e 5.28 7 0 e e m 2.14 16
| 27 T 12,22 8

27. 250 feet east of right-of-way marker 370 l-?,ii qrg:n Carlsbad road in second depression east of
' )

Surface sand. oo oo 0.97 0 0.88 6

Sand and gravel_.._._._____ 4.08 1 0.79 7

Sand and ealiche. ... 3.70 2 0.59 8

j 2 S 3.39 3 6.48 9

Do... 0.91 4 4.74 10

Caliche. oo 0.93 5 5.16 1
28. 250 feet east of hole 27

0.94 1] Sandy caliche____________ 7.89 8

5.58 1 Sand and caliche___ 8.50 9

4.16 2 6.85 10

3.25 3 7.96 11

3.56 4 i Sandyelay ... ____._. 12.03 12

3.32 5 4.39 13

8.58 6 4.67 14

8.15 7 2.44 15
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29, 250 feet . west of hole 25

Moisture | o .y Moisture | o4y
(percent ep (percent 4
by weight) (f“t) by weight) | (feet)
i

Surfs 0.51 0 Sandg ealiche..__.__..___ 3.98 6
Sand 6.57 1 O cmmmeem o 7.97 7
Sand 9.38 2 8
Sand 7.59 3 9
Fine clean sand 3.82 4 0
3.36 5 1

30. 3.2 miles east of Wilson Rd. on old Hueco

RO S S
823335
R Y NIy

Pl ed

31. 250 feet east of hole 30

1.66 0 Sand and caliche 5.97 7
8.50 T R » T S 7.16 8
8.24 2 Clayey caliche... 12.42 9
5.76 3 Sandy caliche.__ ... _.._._ 8.33 10
5.78 4 Sandy clay___._ 5.72 11
5.78 5 Sand and gra.vel 3.26 12
7.30 6
32. 250 feet west of hole 30
Surface sand.__.._________. 1.14 0 Sandy caliche_ ... ——- 9.05 6
Sandy clay_._.__ 7.98 1 Sand and hard caliche 9.02 7
mdﬂ caliche 8.16 2 || DOaen . 5.65 8
Dol 8.12 3 Sand.o___________.. - 3.89 9
Caliche.._._____________. 7.36 4 Sand and fine gravel_.____ 2.26 10
Sandy caliche_.___.._._._.. 7.85 5 Coarse gravell oo ._._...
1 Gravel about 2 in size. Since auger would not raise it, no sample was taken.
166. 300 feet east of hole 165 '
Surface|| Clay._.._._____._.._____ 8.06'! 10
1 7.48 11
2 6.85 12
3 5.85 13
4 1.44 14
5 1.12 15
6 1.24 16
7 1.22 17
g 0.93 18

[~

t Spilled sample.
168. 300 feet east of hole 167

Surfacesand. ... . .. ___. 4.84 0 4.82 5
Medium sand. ... 5.28 1 6.61 6
Fine sand._.__._. 4.63 2 6.20 7
Medium sand_.._ 4.46 3 Ca.hche and finesand____._ 4.96 8
Fine sand__.._ e ————— 5.16 4
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169. 300 feet east of hole 168

Moisture Moistrre |y
Dépth Depth
(pereent P’ (pereent
by weight)| (feet) by weight) | {eet)
Surface sand. 0.84 0 Sand and clay._ 4.16 2
Medium sand. 4.61 1 Sand and ealiche_ 4.77 3
170. 300 feet east of hole 169
Surface sand. ... __._._..___ 0.316 0 5.85 8
edium sand 5.81 1 5.72 9
Do ..... 7.52 2 5,71 10
........ 6.52 3
Clay and oa.hche--- 9.00 4 5.08 11
__________ 8.60 5 3.99 12
7.45 6 1.63 13
5.83 7
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WELL EXPLORATIONS IN EL P# SO,
TEX., IN 1939

INTRODUCTION

If salt water has access to an idle well through a screen or defective
casing and the pressure in the salt-water bed is greater than that in the
fresh-water bed, salt water will enter the well bore and in time penetrate
a considerable distance into the fresh-water bed. If the pressure in the
two beds is about the same and the salt-water bed is above the one
containing fresh watet some water may enter and sink into the well bore
because of its higher specific gravity. If the pressure in the frech-water
bed is higher, fresh water will tend to flow through the well I 2re into
the salt-water bed. . :

In making explorations to determine the source of contamiration of
a well it is necessary to do more than determine the chemical character
of the water in the bore of the hole, because with unequal pressurés in
the various bedssupplying water to the well, part of the water in the bore
of the well probably has been replaced by the water having the highest
pressure, as it flows from one bed to another. If the contamination is
from a single source the problem is relatively simple, but if it cormes from
more than one source a complete understanding of the problem requires
a large number of different tests. The only sure way of determining
the character of the water at the different horizons is to isol~te each
water-bearing bed and pump it until all contaminating water has been
retrieved from it, before making a chemical analysis. o

Finding the source of the contamination is a different problem with
each well. Certain tests or combinations of tests may show positive
results in one well but negative results in another. However, by care-
fully studying the results of each operation as the investigation pro-
gresses, the plan for each succeeding operation can be made. The first
test of a contaminated well should be the pumping test, in which the
well is pumped and a sample collected at frequent intervals during a
pumping period of at least an hour, preferably longer. If th~ well is
contaminated with salt water a simple field test for chloride ir usually
sufficient to determine the general changes in the .chemical character
of the water as pumping progresses. The well should stand idle
for several hours or days before the test is made, depending upon the
degree of contamination. This gives the salt water an opport ity to
accumulate in the well and establish itself at definite horizons. The
pumping test will usually show not only whether salt water i¢ leaking
into the well but also the comparative magnitude of the leak and possibly
its approximate position. After the pumping test is completed, -the
other exploratory steps can be taken up as the oceasion requires.

In 1935 and 1936, during the ground-water investigation in the El
Paso area, some study was given to the problem of the increasing
mineralization of certain El Paso wells, and the results then obtained
are given on pages 75-93.
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In August 1939 Mr. Livingston began making tests in city wells 7 and
1 to determine the cause of the increase in mineralization in those wells.
The wells were pumped, and samples of the water were collected and
analyzed at frequent intervals to determine the changes in mineral
content as pumping progressed. Electrodes’ were lowered into the
wells to find the contact between fresh and salty water. Fresh water
was turned into the wells at different depths to flush out the water there
and assist in finding holes in the casing. Water samples were taken
at, various depths, two sizes of samplers being used, the larger 3 inches
and the smaller 134 inches in diameter. Separate pumping tests were
made on each important water-bearing sand. This was accomplished
by filling up the well with sand and clay to the bottom of thesanc to be
tested, inserting a water-tight packer above the sand, and pumping the
section between the packer and top of the fill with an air-lift pump.
A deep-well meter® was used from time to time to observe wil =ther
water was flowing vertically through the well from one sand to another
or was leaking around the packers. A record of all water leve's was
kept and changes were made in methods and equipment during tl < test
until satisfactory results were obtained. Mr. Livingston was assisted
during the tests by Robert Colvin, engineer; J. N. Hinyard, chemist; and
Clifford Jensen, driller, of the El Paso Water and Sewer Department.
For the most part the chloride, hardness, and pH determinations were
made by Messrs. Hinyard and Colvin. The soap solution was mixed
with the water sample by a small electric-power mixing machine.
Determinations of pH were made with a small portable electrical
apparatus. The test on El Paso well 7 covered the period from August
22 to September 23, and the test on El Paso well 1 from August 28
to November 9, 1939. ,

EL PASO WELL 7 .
EXPLORATIONS AND CONTAMINATION TESTS

El Paso well 7 was drilled in 1927 by the El Paso Water Department.
The records are a little confusing, but evidently the well was drilled
to a depth of at least 525 feet. Some trouble was experienced in s~tting
the casing, and the lower part of the well was lost. The well, which was
reported as having 86 feet of 22-inch and 74 feet of 12-inch easin~ and
270 feet of 13-inch slotted pipe, was said to have yielded 1,250 gallons
a minute in 1929. .

In the vicinity, of well 7 the first water occurs just below the stface
of the ground. Below this shallow horizon and above the fresh-water
sands tapped by the city wells is an intermediate zone, which generally

ields undesirable water. The water level in this zone is-about 15 feet
ower than the shallow-water level and about 15 feet higher theu the
water level in the nonleaking wells that tap the fresh-water bed~. In
well 7, however, the water level corresponds to that in the intermadiate
zone. .
Several wells in the vicinity are known to have penetrated sands
containing highly mineralized water.” El Paso well 6, about 809 feet

? Livingston, Penn and Lynch, W, A., Locating salt-water leaks in water wells, U. 8. Geol. Burvey,
Water-Supply Paper 796-A, 1937, :
# Livingston, Penn, Odp it. b
McCombs, John and Fiedler, A, G., Methods of exploring and repairing leaky artesian wells, U, 8,
Geol, Survey, Water-Supply Paper 596-A. 1927.
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away, was abandoned because the
water was too hard. Test well 14,
drilled in 1937 about 0.6 mile to the
northeast, struck highly mineralized
water at a depth of 90 to 100 feet.
Test well 17, drilled in 1939 about
0.3 mile to the southwest of well 7,
encountered water containing about
470 parts per million of chloride and
about 990 parts per million of hard-
ness in a sand at a depth of 134 feet.

PUMPING METHOD

The first test for contamination in
well 7 was made by Mr. Livingston on
February 27, 1936, by the pumping
method. When the pump was started,
the chloride content of the water was
about 55 parts per million, and it rose
to about 100 parts per million with
extended pumping, indicating that a
small quantity of water, fresher than
the normal discharge, was leaking into
the well while it was standing idle.
In general, however, the well was in
excellent eondition. During the next
2 years the water from the well grad-
ually became more highly mineralized,
and by 1938 it was unsatisfactqry for

-eity use, especially so for laundry use,

because of its high degree of hard-
ness. The table on this page gives
the chemical analyses of water from
well 7 during the period 1935-39.

The pumping method was again

tried in 1939. The well was pumped
- from 9:22 a.m. on August 22 until .
noon on August 24, at an estimated
rate of 450 to 500 gallons a minute.
Samples of water- were collected at
frequent intervals and tested for chlo-
ride, hardness, and pH. Part of the
water discharged was passed through
a set of electrodes, and its conduct-
ance was measured by means of a
milliammeter. The electrodes were
damaged and the milliammeter read-
ings discontinued after the first 15
minutes of pumping, and the pH
determinations were discontinued
after about 7 hours, because of the
difficulties in making them with suf-
ficient promptness after collection.
For comparison, a few determi-

Analyst

Total
hardness
as CaCO;
(calculated)

Nitrate
(NO3)

©n

Chloride

Sulfate
(804)

Bicar-
bonate,
(HCO3)

Potas-
sium
(K)

5
66

i

4

Sodium
(Na)
91
a3

{Parts per million]

17
19

13 NI SSPUOIIoN AU MU NPURSY PSSty HOtU

sium

(Mg)
22
21
23
25
28
25

Magne-

Cal-
cium
(Ca)
84
85
95
105
115
126
133
120

Analyses of water from El Paso well 7, 1936-39

(8i03)] (Fe)

Silica { Iron

] D B R - ST EE P TP

Total
506
496
556
706

dissolved
solids

1989 e
1939 -1 TIIIIIIIITIIID

Date of eollection
1986 . e meecaeee

85,1985 oo ien]an
11, 1985 e aeem

1 Hardness by soap method 410.

23

J“i;'
Apr.
¥
Aug.
Aug,
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Chloride content, soap hardness, conductance, and pH of water from El Paso well 7
during tests on August 22-24, 1939

Current Chloride Soap
SaNmple Date e Time y (milli- (cozl-ltt:nt (harr«;l;;less pH
o. . min. sec. parts per parts per
amperes) million) million)

11 | Aug. 22— ... 9:22:00 am.  |ooiiocmenaa 180 254 7.80
2 10 28 192 207 7.81
3 20 28 184 153 8.04
4 30 28 184 100 8.97
5 40 28 184 97 9.18
6 50 28 180 100 9.20
7 9:23:00 192 93 9.25
8 10 32 180 93 9.21
9 20 31 184 107 9.13

10 30 31 144 120 9.09

11 40 31 140 1 9.05

12 50 32 136 133 8.53

13 9:24:00 32 136 133 8.40"

14 1 32 132 133 8.48

15 3234 1 133 8.48

16 30 34 132 133 8.48

17 40 38 136 142 8.48

18 50 42 136 145 8.39

19 9:25:00 46 132 170 8.35

20 47 144 247 7.87

21 49 156 294 7.70

22 9:26:00 49, 162 297 7.50

23 20 49 162 307 7.60

24 49 164 314 7.50

25 9:27:00 50, 180 314 7.72

26 20 49 170 302 7.81

27 40 49 172 320 7.72

28 9:28:00 ° 49 166 330 7.81

29 30 49 | aimcaae 7.72

30 9:29:00 7.83

31 3 7.70

32 9:30:00 .81

33 7.72

34 9:31:00 .80

35 3 7.73

36 9:32:00 7.70

37 9:33:00 7.62

wm———— 9:83:30 @ | 48 e ciccec|emmmmeceee]emme—nee
8 9:34:00 7.60

39 9:35:00 7.50

40 9:36: 7.58

41 9:37:00 7.58

42 :38:00 7.65

43 9:39:00 - "7.60

9:40:00 - 7.50

45 9:41:00 - .60

46 9:42:00 - 7.51

47 9:47:00 - 7.42

48 9:52:00 - 7.42

49 9:57:00 - 7.58

250 10:02:00 - 7.48

51 | 10:07:00 - 7.49

52 10:12:00 - 7.50

53 10:17:00 - 7.50

54 10:22:00 - 7.45

55 10:32:00 . 7.53

0:42:00 - 7.49

57 10:52:00 7.57

58 11:02:00 7.49

59 11:12:00 .48

60 11:22:00 7.65

62 11:42:00 7.63

63 11:52:00 7.60

64 12:02:00 p.m. 7.64

65 12:22:00 7.60

66 12:42:00 7.59
67 1:02:00 7.60
368 1:22:00 7.61
69 1:42:00 7.61
70 2:02:00 7.61
71 2:22:00 7.60
72 2:42:00 7.68
73 3:02:00 7.68
74 3:22:00 7.68
76 4:02:00 7.68
77 4:32:00 7.69
78 5:00:00 . —mma o
i
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i

Chloride. content, sdap - hardness, conductance, and pH of water from El Paso well 7
durma tests on August 22-24, 1939—Continued

. Chloride Soap
Sag]nple Date : e Time N %‘g{ﬁ’ﬁt’ (eo;xttent (harftl‘ness oH
0. . . min. sec. parts per | (parts per
' 1. amperes) million) million)
79 6:00:00
801 * 7:55:00
81 8:00:00
682 8:30:00
83 9:00:00
84 9:30:00
85 10:00:00
86 . 10:30:00
87 11:00:00
88 12:00:00
89 | Aug. 23..._... 1:00:00 a.m.
90 2:00:00
91 3:45:00
92 4:00:00
93 . 5:00:00
94 6:00:00
95 . 7:400:00
96 '8:00:00
97 9:00:00
98 10:00:00
99 11:10:00
100 12:00:00
101 1:00:00 p.m.
7102 2:00:00
103 3:00:00
104 4:00:00
105 7:10:00
106 9:10:00
107 11:05:00 -
108 | Aug. 24_______ 7:00:00 a.m.
$109 8:10:00 i
! Pumping began 9:22 a.m. at 450-500 gallons a. minute.
2 Depth to water 46,57 feet at 10 a.m.
2 Depth to water 47.07 feet at 1:22 p.m.
¢ Depth to water 47,39 feet at 4:40 p. m, Opened to full capacity at 4:41 p.m. Discharge 1,000

gallons a minute.
5 I-Iardness 375 parts per million by dropping bottle.
; Hardness slti'g‘!%arts per milhon by droppmg bottle.
4 a mi
8 Two wster samples col.lecbad for complete analyses Pump shut down at 12 m. Depth t» water
14.71 feet at 3 p.m.

nations of ha.rdness were made by using dropping bottles and soap
solutions prepared by the Division of Quality of Water, of the Federal
Geological Survey. The results are shown in the table above.

The figures show that there was not: much change in the chloride
content as pumping progressed and that the maximum was not very
high. The hardness dropped from about 250 parts per million as
pumping began fo less than 100 parts at the end of the first minute. It
rose to 300 parts per million after about 4 minutes and reached sbout
400 parts after 7 hours of pumping. It then dropped somewhat and
during the remainder of the test ranged from about 370 to 280 parts,

averaging about 315—a hardness of 300 to 400 parts per million is
" considered too high for general eity use and especially objectionable for
laundry or boiler use. Although the results of the test, especiall the
wide range in the hardness of the water, pointed to the proba.blhty that
highly mineralized water was entering the well through g leak, they did
not indicate the pésition -of the leak or leaks, wlnch was determmed by
the tests descnbed belaw.

PRELIMINARY TESTS WITH ELECTRODES AND DEEP-WELL METER

First the pump was removed. The electrodes were then lowered into
the well, but no differénces in the conductance of the water indicative
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of the source of ‘the leak were discovered. Next the deep-we'l current
meter was lowered into the well, but no movement of the water was
found. This proved that if any exchange of water was occur-ing from
one sand to another it was very small. During these tests the well was
found to have a depth of only 320 feet, instead of the reported depth of
455 feet, indicating that more than 100 feet of it had filled up viith sand.

TESTING PUMP PIT AND BLANK CASING

An attempt was then made with a canvas packer to shut off the water
at the bottom of the pump pit. The packer was about 12 inches in
diameter and was made by wrapping cement sacks over a, piece of 414-
inch pipe. It was lowered down through the 22-inch pump pi* into the
upper end of the 12-inch casing, extra weight being suppl~d by a
string of 414-inch pipe extending below the packer to the bottom of the
well. After the packer was set the pit was pumped at a rate of about
30 gallons a minute, but it was found that the water level could not be
lowered by more than about 15 feet, indicating that the packer was
ineffective. The deep-well meter was let down into the 12-‘uch pipe
above the packer, and velocities were registered showing a flow of about
30 gallons a minute coming up through it. '

An arrangement of two packers was made consisting of a packer at
each end of a 14-foot piece of 414-inch pipe, which had been perforated
with several 14-inch holes. The 414-inch pipe was open at the top and
plugged at the bottom. Each packer eonsisted of a disk of €-ply con-
veyor belting slipped over the pipe and supported on each side by a disk
of 14-inch iron plate about 11 inches in diameter. The disks of conveyor
belting were cut to a little larger diameter than the inside diameter of
the well casing. An arrangement of this type previously has 1 ~en used
with success in other wells in which it was desired to test surcessively
short sections of the well casing to find the position of a salt~-wter leak.
The method is to lower the double packer a distance equal to i*s length,
or about 14 feet at a time; and pump the section of the well between
the packers by means of an air line placed inside the 414-inch- pipe.
The packers were set by a slight upward pull, which tended to curl the
belting under and make a fairly tight seal. -

For some unknown reason, a tight seal was not obtained in well 7
until the packers had been lowered to a depth of 130 to 144 feet. After
they had been set at that position, the well was filled with tap water to
the floor of the pump house and allowed to stand while the wrter level
was observed. This level, it was found, fell at a rate of about 0.3 foot
per hour, amounting to about 0.1 gallon a minute. The test indicated
that the 22-inch pump pit and the 12-inch cased section were practically
watertight down to a depth of 130 feet. Co '

TESTING SCREENED PART OF WELL :

According to the well log the well casing is slotted from a depth of
about 160 feet to below 430 feet. Since the well had filled with sand to
320 feet it was clear from the test described above that practically '
all of \the water pumped from the well was entering it betweer 130 and

320 feet, and probably between 160 and 320 feet. :

Next the well was cleaned out to a depth of 500 feet and agair pumpe
“but the yield, it was found, was not materially greater than it had been
before. During the time the well was being cleaned out the electrodes
were run into it, and the conductance of the water in the screened section
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from 160 to 420 feet was tested. As expected, it was fourd that in -
general there was very little difference in the conductance of the water
entering the well in different parts of the section. Conductance depends
largely upon the ionization® of the minerals in solution and usually
varies more closely with the chloride content than with the hardness.
Therefore, a conductivity survey has little value in cases like this where
water of high hardness is the cause of the contamination, The usual

formula % = [ is also applicable to this electrical circuit in vhich ¥ is

the applied voltage, R is the resistance of the water gap, wire, and
connections, and 7 is the current. In this case the applied voltage was
constant, amounting to about 414 volts. For convenience, readings
were recorded in milliamperes, as shown in the table on page 170, and
not in reciproeal ohms. ,

The temporary pumping equipment was removed from the well and
another inspection made with the deep-well meter. A slight indication
of moving water was found between 380 and 410 feet, but th= velocity
was 80 low that it was not possible to determine whether the mmovement
was up or down. Water then was turned into the well at the ground
surface at the rate of 10 gallons a minute, and when this was done, the
meter indicated clearly that the water moved downward, part of it leav-
ing the well at a depth of about 130 feet, part at about 150 to 160 feet,
and the remainder before it reached a depth of 255 feet.: This was an
indieation that there might be some small holes in the casing from
. about 130 to 160 feet.

Chloride content and soap hardness of water from El Paso well 7 during tesis on
. September 1123, 1939

Sample Date Time Chloride | Soap hardness
No. (hr. min,) (parts per million) | (parts per million)
11 | Sept. 11 10:35 a.m. 149 525
2 10:50 144 477
3 11:05 144 431
4 11:35 142

5 12:35 p.m. 136. 423
6 1:35 138 381
7 2:356 134 391
8 4:25 136 377
28:30 140 317
310 | Sept. 18 . . __...__._ 8:10 a.m. 132 376
11 11:20 147 452
12 4:45 p.m. 153 452
13 | Bept. 19 . _.__ 9:50 a.m. 157 425
14 , 5:00 p.m. . 161 437
16 [ Bept. 20 . .. _.___ 11:40 a.m. 165 437
16 R 9:45 p.m. 167 438
17 | Sept. 21 5:00 171 446
18 9:45 171 413
19 | Sept. 22, ... ... 11:45 a.m. 171 M 432

20 ~1:45 p.m. 171 413"
21 | Sept. 28 . 410:00 a.m. 159 ' 410

1 Began pumping 10:35 a.m. at about 1,000 gallons a minute. . .

2 Pump stopped at 9:15 p.m. because it had been discharging too much mud and sand into reservoir.
s Pump started again at 8:10 a.m. Pumped continuousli into bypsass. .

4 Pump shut down at 1:15 p.m, after large water sample had been collected for analysis.

FINAL CONTAMINATION TEST

The deep-well pump was reset and the well was pumped at the rate
of about 1,000 gallons a minute from 10:35 a.m. to 9:15 p.m. on Septem-
ber 11, and from 8:10 a.m. September 18 to 1:15-p.m. Sept~mber 23.

¢ Maclnnes, Buncm A. 'The principles of electrochemistry: Reinhold Publishing Corporation,
pp. 40, 322, 1939, ’
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-During the pumping period samples of water were collected from time to
time and tested for chloride and hardness. The results of the tests are
given in the table on page 173. When these figures are compared with
those in the table on pages 170-171, it is plain not only that there wes no
improvement in the hardness of the water discharged from this well after
it had been cleaned out and deepened but also that the hardness actnally
had increased somewhat.

SUMMARY OF INVESTIGATION OF WELL 7

The tests on well 7 showed that the pump pit and the well crsing
down to a depth of 130 feet were practically watertight and that the
increase in the mineral content of the water during the past few years
has, therefore, not been due to leakage in that section. The well could
be sounded only to the depth of 320 feet, indicating that it had been filled
to that level with sand. It was cleaned out to 4 depth of 500 feet and
was swabbed and agitated between 320 and 430 feet but these operations
produced no appreciable increase in the yield of the well. It is, there-
fore, concluded that the water pumped from the well must enter it
mainly between the depths of 130 to 160 feet. Apparently there are
small holes in the casing from 130 to 160 feet, which allow some leakage
into the well from beds containing highly mineralized water. Tese
beds apparently are separated by only a short distance vertically from
the principal producing beds, and it seems probable that at least
the upper part of the latter has become contaminated by leakage down-
ward through the formation. The exact position of the leaks between
130 and 160 feet was not determined. .

EL PASO WELL 1
EXPLORATIONS AND CONTAMINATION TESTS

El Paso well 1 (United States Geological Survey well 50) the first
well in the Montana well field, was drilled in 1918 by the Layne and
Bowler Well Drilling Company to a depth of about 1,023 feet, but
because bad water was found in the lower part of the well it was sraled
back to 860 feet. The well log gives the casing, from the surface down-
ward, as follows: 224 feet of 24-inch blank, 280 feet of 1314-inch b'ank,
120 feet of 1214-inch screen, 90 feet of 1334-inch blank; 20 feet of 1314-
inch blank, 60 feet of 1314-inch screen; and 70 feet of 1314-inch b'ank.
The yield was about 1,200 gallons a minute when the well was drilled.
All screen and casing was of built-up and riveted construction. The
position of the water-bearing sands and screens are shown graphically
in figure 10. '

The work on well 1 was begun with a pumping test. . The pump was
then removed and the conductance of the water in the bore of the well
was measured. After that the meter was lowered into the well to ¢=ter-
mine the rate, if any, of the exchange of water from one bed to ancther.
The pump pit and blank pipe at the upper part of the well were tested
for leaks, and later each water-bearing bed was isolated and pump-<d to
obtain water samples from the different horizons.

PUMPING METHOD

A contamination test by the pumping method was made on thir well
on September 27, 1935. The results indicated that a small flow of salt

v
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F1aure 10.—El Paso well 1: A, Driller’s log of water-bearing aands; B, Casing and sereen settings
and positions of aalt-water leaka, ~
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g s water containing not less tl~u 800
5 H 255 parts per million of chlor’de was
3 mggssmrEggsss | leaking into the well just below the
2 A ZEy suction of the pump, probably at
= e the point where the casing was re-
: = ;iuced in size at a dep(ioh’ of akout 225
=823 | oomuwwuwsrsawe | feet. It was pointed out on page
5-532 EENRERRSYRAAR | 78 inat the main reason the water
438 ™™ | had increased in mineral content
— | was because the pump was drawing
£3 i~ oo io 1111 | highly mineralized water fror a sand
2 e i1 | in the main water-bearing horizons,
e pr({?bably bglow (:‘o()03feet}.l
3. guBecowaonme rom 1935 to 1938 there was an
£8 ggggﬁgggggggé increase in the mineral cortent of
© the water showing either that the
o b well was drawing in more of the
23 iy :ES%S%;%S@%& highly mineralized water than form-
a% P erly, through leaks in the cssing, or
= — that some of the fresh water-produc-
é §8 enrggrynrecss | ing horizons were becoming c¢ontami-
g8H | TTTTTTTTTTTT™ | nated. (See table on this page

showing results of chloride texts from
° 1935 to 1939.) Encroachrient of
© highly mineralized water unon the
=7 >~ Montana well field, in which well 1
2 is situated, is of vital impnrtance,
and tests were begun in August
B 1939 to determine the source of the
Z=RRSIRRZY | contamination. The well had been
~in more or less continuous service

until August 15, 1938. It h~d been

Potas-
sium
(K)

Sodium|
(Na)

[Parts per million]

16

Magne-
sium
(Mg)

Analyses of water from El Paso well 1, 1935-39

328 § 1BRITJABIZZ | operated again for 12 hours on
bt September 27, 1938, after which
am T iwe ! 1111 | it had remained idle until August
B | iiEEeiiii ] 1m0 -
= : e The pump was started at 9 a.m. on

Lo Pilas e tiiil | August 28, 1939, dischargin~ about
a2 : i _tiiii | 900 gallons a minute. - The depth- -

omwnoone | VO-Water at 8:30 a.m. was 103.60
332388358 | feet below the floor ‘of the pump

- ¥ | house. (All depths are measured
from the floor of the pump house,

589

B Total
dissolved
solids

g3 2188 hich is about 114 feet abave th
o009 1o 115 09 wanich 18 apou 9 leet ab Vi e
28 3333§§§é§$§38 general ground level.) Samylesfrom
rew the pump discharge were collected
Priiiiiiiiiit | at frequent intervals and te-ted for
8 priptiitiiiiis | chloride, hardness, and pH using
;é' R EEE RS glegameproced::ifnasfolgwelll
3 iddiiiadddddas | Conductance readings alsd were
3 §§§§§§§§§§§§§ made. These data are shown in
2 digegriiggevaa | the following table. The results
A b8 pedg s ssgy | Of this pumping test confirm the
53%333&352222 statements made in regard to the test
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Chloride conient, soap hardness, conductance, and pH of water from El Paso well 1
during tests on August 28 to September 12, 1939

Chloride Soap ’
Sample Date o, T Current content | bardness | gy
0. . min. sec, parts per parts per
amperes) million) million)

11 | Aug. 28 ... 9:00:00 a.m 30 20 127 6.79
2 10 31 324 128 7.16
3 20 32 340 144 7.22
4 A 30 40 458 171 6.83
5 40 41 466 177 6.83
] 558 210 6.75
7 9:1:00 50 614 238 6.75
8 10 55 654 252 . 6.71
9 20 58 682 265 6.70

10 30 68 860 344 6.73

11 40 70 ' 875 396 6.73

12 50 79 1,050 443 6.76

13 9:2:00 80 1,145 475 6.73

14 10 83 1,130 468 6.75

15 20 86 1,180 4865 6.76

16 30 90 1,306 542 . 6.77

17 40 92 1,330 528 6.78

18 50 94 1,305 522 6.79

19 9:3:00 94 1,310 570 6.80

20 10 92 1, 590 | 6.80

21 20 93 1,295 722 6.81

22 30 93 1,300 650 6.82

23 40 93 1,300 680 6.82

24 80 93 1,295 675 6.83
25 9:4:00 93 1,300 624 6.84
26 20 93 1,285 675 6.85

27 40 93 1,290 695 6.88

28 9:5:00 92 1,290 682 6.90

29 20 91 1,290 695 6.90

30 40 91 1,270 878 6.91

31 ~9:6:00 90 1,290 708 6.92

32 20 91 1,290 695 6.92

33 40 90 1,283 702 6.97

34 9:7:00 90 1,277 702 6.97

35 20 20 1,283 702 6.98
36 40 89 1,267 706 7.00
[ 4 9:8:00 89 1,260 7.03
38 20 1,275 7.05
39 40 89 1,270 ,7.06
9:9:00 88 1,283 7.08
41 20 88 1,263 7.09
42 88 1,260 7.09
43 88 1,267 7.10
44 87 1,260 7.10
45 87 1,265 7.10
46 86 1,265 7.10
47 85 1,275 7.10
48 85 ,270 7.
49 85 1,275 7.
50 84 1,275 7.
51 84 1,260 7.

52 83 1,275 7.

53 82 1,270 7.

54 81 1,270 7.
55 81 1,280 7.
56 80 1,270 7.
57 1,250 7.
58 79 1,260 7.
59 79 1,255 7.
60 79 1,235 7.
61 78 1,230

62 79 1,240

63 v 78 1,225

64 77 1,215

85 76 1,180

66 75 1,190

67 74 1,190

68 72 1,160

69 72 1,150

70 71 1,065

71 67 1,050
272 65 1,025

73 62 935

74 60 880

5 55 738

76 50 635
77 48 , 680 .

78 46 560
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Chloride content, soap hardness, conductance, and pH of water from El Paso well 1
during tests on August 38 to September 12, 1939—Continued

Chloride Soap
Sag’nple Date e Time , (i“'.'ie"r_ t (c:;xttent (h:x;tzness pH
0. - . min, sec., parts per parts per
' amperes) million) million)
- \
79 11:00:00 48 520
80 11:30:00 47 510
81 _ 12:00:00 m. 48
82 12:30:00 p.m.
83 1:00:00
84 1:30:00
85 2:00:00
86 2:45:00
87 3:45:00
88 4:45:00
89 5:45:00
20 6:45:00
91 7:45:00
92 8:45:00
93 9:45:00
94 10:45:00
95 11:45:00
496 | Aug. 29_______ 7:45:00 a.m.
97 9:15:00
98 10:15:00
99 11:15:00
100 1:45:00 p.m.
101 5:15:00
102 9:15:00
103 | Aug. 30..____ 7:15:00 a.m.
104 12:15:00 p.m,
105 7:15:00
106 | Aug. 31_._... 2:15:00 a.m.
107 9:15:00
108 5:55:00 p.m.
109 | Sept. 1.__._. 12:15:00 a.m. |ooooo_oooo
110 7:15:00
111 7:45:00 p.m.
112 2 ... 10:00:00 a.m.
113 7:00:00 p.m.  |ocoeo_ooaoo
114 | 11:45:00 a.m.
115 2:05:00 p.m.
116 5:05:00
117 10:20:00
118 4. 7:45:00 a.m.
119 1:35:00 p.m.
120 7:55:00
121 [ 1:15:00 a.m.
122 12:30:00 p.m.
123 5:30:00
124 [ 7:35:00 a.m.
125 12:30:00
126 [ 9:30:00
127 1:15:00 p.m.
128 8 ... 12:00:00 m.
129 7:45:00 p.m.
130 9 .. 8:00:00 a.m.
131 0. .. 2:30:00 p.m.
132 ... .. 9:35:00 a.m.,
8133 12 ... 10:10:00
________ L2 b R 10:15:00
________ 813 ... 10:10:00

1 Pump started at 9 a.m. Estimated discharge 1.2 gallons a minute. -Depth to water below
concrete floor 103.60 feet at 8:30 a.m.

2 Readings for pH discontinued.

3 Depth to water 175.42 feet.

4 Depth to water 177.41 feet.

§ Current readings discontinued.

8 Two water samples collected for complete analysis. Depth to water 182.40 feet.

7 Pump shut down.

8 Depth t6 water 112.40 feet.

of September 27, 1935. (See p. 79.) A much longer time was raquired
to clear the well of salt water on August 28, 1939, than on September
27, 1935, but this is accounted for by the fact that the well had stood
idle nearly a year before the 1939 test but only 91 hours before the one
in 1935. A continuous inflow of salt water for a year, amounting to
less than a gallon a minute, into the bore of the well and thence ¢nt into

N
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/the fresh water-bearing sands, would account for this difference.
Tests for hardness and chloride could not be made as fast as the samples
were collected, so in order to have available a quick and ready indicator
of the general changes in mineral content of the water, reading of con-
ductance were made in the continuous flow of the water being dis-
charged from the pump. The conductance readings were higher than
those recorded for well 7, but this may have been due to me~hanical
differences in the apparatus as set up in each case.

PRELIMINARY TESTS WITH ELECTRODES

The pump was shut down at 10:15 a.m. on September 12 and removed
from the well by 11 a.m. on September 13. At 11 a.m. a set of el~etrodes
was lowered into the well, and conductance measurements were made of
the water at varying depths from the surface to the bottom of the well.
The depths with corresponding conductance, recorded in millinmperes
instead of reciprocal ohms are given in the table below. Plate 16, A isa
view of city well 1 with a part of the testing equipment in the foreground.
Plate 16, B gives a nearer view of the equipment. °

Conductance measurements made in well 1 on September 13, 1939, 87 hours afier the
deep-well pump was stopped

Depth Current Depth Current Depth Current Depth Current
(milli- (milli- (mili- (milli-

(feet) amperes) (teet) amperes) (feet) amperes) (feet) amperes)
122 18 241 3 418 20 812 20
143 18 255 2233 439 20 632 20
163 18 265 22 459 20 653 20
179 18 286 2214 479 20 673 20
186 18 306 2213 500 20 694 20
204 18 316 22 512 1934 714 20
215 19 337 22 514 19 719 21
217 20 357 22 520 19 734 21
222 21 377 22 541 1935 755 21
229 2134 392 22 561 19 775 21
232 22 395 21 581 1934 793 22
238 23 401 20 602 20

The conductance readings indicated a salty zone in the column of
water in the well at about 238 to 255 feet, but they did not.show defi-
nitely the position of the leak, which probably was due to the mixing
of the water caused by the withdrawal of the pump.

TESTING PUMP-PIT AND BLANK CASING

After this preliminary test with the electrodes had been corapleted,
a canvas packer was made on a 13-inch outside diameter nignle and
lowered on a string of 12-inch pipe to the top of the 13}4-inch casing in
order to shut off the water at the bottom of the pump pit. After the
packer had been set, another test was made with the electrode~. which
indicated a salt-water leak not far below 225 feet, but the contact
between the fresh and salt water in the well was not well enough defined
to show the exact position of the leak.

With the packer in place, an attempt was made to empty the pump
pit by means of an air-lift pump but it was not successful. . Evidently, °
the pump pit was not completely shut off and a test with the deep-well
meter showed that most of this water was coming up past the packer.
The lower end of the pump suction was at about 210 feet and samples
taken from the water discharged from the pump showed chloride in
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excess of 1,800 parts per million, which indicated a leak of highly
mineralized water near the lower part of the pump pit. The canvas
packer was removed from the well and another double-packer arrenge-
ment made out of conveyor belting. The double-packers were a little
too large to work properly, but a fairly tight seal in the top of the 1314-
inch casing was obtained by driving the packers into the casing. With
the 1314-inch casing shut off by the packer the water level in the rnump
pit was finally lowered to a depth of 181 feet. The pit was inspected
for leaks by lighting the casing with a 100-watt bulb lowered on an
extension cable. No leak was found. Since it was known that there
were several feet of salty water at the bottom of the pump pit, it was
necessary to flush out this salty water in order to find the place vhere
it was coming into the well. With the packer still in the top of the
1314-inch casing, fresh tap water was turned into the well until the rrimp
pit was filled to the ground surface. Theoretically when this was done
the fresh water should have driven the salty water in the well down
to the leak, and thence out through the hole. - The contact between
the fresh and salty water near the bottom of the pump pit was checked
from time to time with the electrodes but it moved downward so slowly
that after about 24 hours it was decided that it would take too long to
wait for all the salty water to escape from the pit. The rate of decline
of the water level in the pit was observed as about 214 feet an 1'our,
less than one gallon a minute. The packer was pulled out, anc' the
water level in the pit dropped rapidly to its normal level. A test
with the electrodes about 2 hours after the packer had been pulled
showed that a very satisfactory flushing action had resulted in the pump
pit and caging when the fresh water rushed down the well. No evicence
of a salt-water leak was found in the pump pit down to a depth of about
220 feet. However, by means of the electrodes a very definite salt-vater
leak was found 261 feet below the surface. The results obtainec are
shown in the table on page 181. The well continued to stand idl= for
about 40 hours longer, at which time another test with the electrodes
was made. The salt-water leak again showed very definitely at 261
feet, and another leak was found at about 220 feet. The results of these
observations are given in the table on page 181.

ISOLATING SECTIONS OF THE WELL
BETWEEN 220 AND 485 FEET

Since the lower packer could not be driven down below 219 feet
the packers were cut down and tried again. From September £~ to
October 17 everything possible was done to make the packers w-~ter-
tight in orderto obtain a true sample of the salty water entering: the
well in the section between 220 and 485 feet, but every attempt fsiled.
One of the pieces of apparatus was made up with an industrial pneuratic
tire for each packer. Tires were selected of such size that wher not
inflated they would just slip inside the casing. The tires were mounted
about 1814 feet apart on a 3-inch pipe. They were filled with water and
connected to a 14-inch pipe extending to the surface of the grourd in
such a way that the desired pressure on the tires could be controlied by
applying air pressure. A special valve was also provided so that
the inside and outside pressure on the tires could be equalized wher the
packers were.moved. This also failed to work. The upper end of the
1314-inch well casing evidently was very sharp and jagged and the sharp
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points caught in the tires and tore them. Although the apparatus did
not work successfully in this well, it probably would work sucaessfully
in a well that was reasonably free of sharp, jagged edges.

Conductance measurements made tn well 1, 2 hours after the well had been flushed out
with fresh water, &eptember 23, 1939

34
Depth (zur_re.nt ‘| Depth Current Depth Current Depth Curren
milli- (milli- (milli- (milli-
(teet) amperes) (feet) amperes) (feet) amperes) (feet) amperes,
102 26 228 27%% 281 38 557 31
112 25 232 27 301 38 563 32
143 256-26 235 26 311 39 571 33
163 26 240 26 312 39 576 34
164 26 241 27 347 38 586 35
199 © 26, 242 27 369 37 580 36
204 2634 249 27 375 36 600 363¢
209 T 250 2734 388 35 610 37
212 26 251 28 392 34 619
213 26 253 274 396 32 630 3834
214 26~27, 266 27 403 31 644
21414 262834 258 2, 419 30 718 39
2}5 29 259 28 454 2914 719 38
216 28 1261 28-36 520 2934 729 37
217 28 262 37 532 30 738 37
219 26 263 37 549 30}% 792 37
222 28 264 38

1Depth to hole in casing 261 feet.

Conduciance measurements made in well 1, 45 hours after the well had been flushed out
with fresh water, September 24, 1939

Depth Current Depth Current Depth Current Depth Current
(milli- - (milli- (milli« (milli-
(feet) amperes) (feet) amperes) (feet) amperes) (feet) amperes)
)

102 30 220 3014 262 41 390 3934
173 30 220 3 268 4034 391 39
189 30 222 33 278 ' 404 395 38
201 3315 282 40 397 37
210 31 259 34 296 404 37
2%4 29 2594 39 302 41 400-786 37+
216 30, 260 40 358 404

BETWEEN 741 AND 790 FEET

A successful method of shutting off the water in the 1314-inch casing

" was finally worked out by using a single packer made of 10 disks cut from
8-ply conveyor belting. This packer was first set at a depth of 740 feet,
and sand 15 feet thick was placed on top of it. After the s~ud had
settled on the packer two sacks of drilling clay were placed on the sand
by means of a 2-inch pipe reaching from the ground to the tc» of the
sand. The portion of the well between the packer and the bottcm of the
well was then pumped continuously for about 44 hours at al»ut 100
gallons a minute. A list of chloride determinations from samples of
water obtained as pumping progressed is shown in the table on rage 182,
and a complete chemical analysis of a sample taken at the clore of the
test is given in the table on page 176. It appears from these data
that the chemical content of the water had declined to a minimum, so
that the water sample collected at the end of the period wa~ & true
sample of the water entering the well through the screen betv-een 775
and 815 feet. It will be noted that the water from this sand is much
more highly mineralized than that discharged from the pump when it is
drawing from all sands. During the pumping period a very careful
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watch was kept on the depth of the well, the sand and clay on the p~cker,
and the water levels, in order to be sure that the pump was drawing
water only from the isolated part of the well.

Chloride content of water pumped from ?el;gl (depth 741 to 790 feet) October 17-19,
9.

{Chloride in parts per million}

Date and time Crh}g. Date and time crﬁg' Date and time C‘?i:' Date and time (i?c}g'
QOct. 17 Oct. 17—Con. Oct. 18—Con. Oct. 18—Con.

112:45 p.m. 1,030 5:00 1,228 5:00 703 8:00 720
2:55 1,732 6:00 1,108 6:00 703 9:00 728
1:05 1,668 7:00 974 7:00 a.m. 703 10:00 728
1:15 1,650 8:00 913 8:00 703 11:00 728
1:25 1,632 9:00 870 9:00 695 12:00 p.m. 720
1:35 1,622 10:00 852 10:00 684 Oct. 19
1:45 1,632 11:00 843 11:00 692 1:00 a.m. 728
1:55 1,578 12:00 p.m. 825 12:00 m 692 3:00 728
2:10 1,570 Oct. 18 1:00 p.m. 692 5:00 728
2:30 1,508 1:00 a.m. 807 4:00 692 7:00 728
3:00 1,508 2:00 772 5:00 703 8:00 720
3:30 1,412 3:00 745 6:00 720 28:30 720
4:15 1,323 4:00 728 7:00 720

1 Pumping began at 100 gallons a minute.
2 Pump shut down.

BETWEEN 640 AND 714 FEET

The sand and clay in the packer were removed by means of a 2-inch
air-lift pump. -The packer was then pulled up to 640 feet and sealed
with sand and clay in the same manner as for the preceding setting, after
which the well was filled with sand and clay up to a depth of 714 feet.
When filling the well it was important to be sure that about two sacks
of drilling clay were placed opposite blank casing and that at least 20
feet of sand were placed on the clay to hold it down, otherwise water
would filter up through the sand inside of the casing and lift the sand
into suspension where it would be pumped out with the water. The
portion of the well between depths of 640 and 714 feet was pumbved at
the rate of 20 to 50 gallons a minute for about 66 hours. Durirg this
part of the test the chloride content reached a high of about 1,800 parts
per million a few hours after pumping began, but with extended pumping
it finally decreased to about 700 parts. Changes in chloride content are
shown in the table on page 183. Since the chemical character of the
water did not improve during the last 2 days of pumping, a sample
collected at the end of the pumping period was considered represer tative
of the water entering the well through the screen at 695 to 715 feet.
The chemical analysis of this water, as is shown irr the table on page 176,
is very similar to the water obtained from the lower sand. 1

BETWEEN 447 AND 590 FEET

The well was filled to a depth of 590 feet with sand and clay, the
packer was set at about 447 feet below the surface, and pumping from
between these depths was begun at the rate of about 120 gallons a
minute. As on previous tests samples of water were collected at
intervals from the water discharged from the pump and tested for
chloride, with the results shown in the table on page 183. It was found
that the chloride content reached a high of nearly 2,500 parts per
million, but that with extended pumping it decreased gradusly to
about 280 parts, at which time a water sample was collected for eomplete
chemical analysis. After pumping continuously for about 91 hours
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the pump was shut down for about 3 hours and then was operated again
while samples were collected. The water contained about 260 parts
per million of chloride at the start of pumping but only about 180 parts
per million at the end of 7 minutes. This was'evidence that water was
leaking into the well from some other horizon. Conductance resdings
were made through this part of the well, and water samples were col-
lected at desired depths with the water sampler.

Chloride content of water pumped from ‘wellgI (depth 640 to 714 feet) October 23-26,
193

[Chloride in parts per million]

Date and time (ilhég' Date and time %hég‘ Date and time Cl?ﬂg- Date and time Cn!gg'
Oct, 23 Oct. 24 Oct. %8—0011. Oct. 26—Con.

12:47 p.m. 161 1:00 a.m, 1,043 4: 670 4:00 780
2:57 1,008 3:00 861 7: 715 7:00 772
3:07 1,035 5:00 774 10:00 705 10:00 743
3:17 1,192 7:00 722 12:00 p.m. 743 Oct, 26
3:27 1,328 48:00 696 ed. 26 1:00 a.m, 724
3:37 1,443 9:00 687 1:00 a.m 742 2:00 715
3:47 1,470 9:52 678 4:00 762 4:00 715
26:30  |eom-. 11:00 670 11:00 780 6:00 686
37:05 1,765 12:00 m. 652 12:00 m, 7 8:00 686
8:05 1,820 1:00 p.m. 660 1:00 p.m, 798 9:00 666
9:30 1,540 2:00 670 2:00 782 610:05 705

11:00 1,330 3:00 670

1 Puraping began at 20 gallons a minute.

3 Pump shut down.

3 Pumping began at 40 gallons a minute,

4 Disc! arﬁe incressed to 50 gallons a minute.
# Pump shut down.

Chloride content of water pu'mpec]lvfrom well 1 (depth 447 to 690 feet) Octobe~ 30 to
ovember 3, 1939
[Chloride in parts per million]

Date and time | G11%" || Date and time| Chio- || Date and time| G4 (| Date and time| Chio-
Oct, 30 Oct. 81—Con. Nov. 1—Con. Nov. 2—Con.

13:40 p.m. 220 2:00 865 3:00 310 1:00 p.m. 272
4:00 2,110 3:00 780 4:00 301 2:00 272
5:00 2,425 4:00 715 5:00 296 3:00 272
6:00 2,460 5:00 6:00 296 4:00 272
7:00 2,460 6:00 611 7:00 292 5:00 272
8:00 2,400 7:00 573 8:00 292 6:00 272
9:00 2,315 8:00 540 9:00 296 7:00 272

10: 2,250 9:00 503 10:00 282 8:00 268

11:00 2,150 10:00 485 11:00 292 9:00 272

12:00 p.m. 2,107 11:00 455 12:00 p.m., 282 10:00 272

Qet, 31 ! 12:00 p.m 433 Nov. 11:00 268

* 1:00 a.m. 2,080 Nov, | 1:00 a.m, 292 12:00 pm._ | 263

00 2,050 1:00 a.m 423 2:00 292 Nov. 3
3:00 1,990 2:00 410 3:00 277 (i~ 1:00 a.m, 268
4:00 1,925 3:00 4:00 275 2:00 263
5:00 1,840 4:00 385 5:00 272 3:00 268
6:00 1,740 5:00 376 6: 4:00 263
7:00 1,660 6:00 366 7:00 272 5:00 258
8:00 1,550 7:00 357 8:00 282 6:00 258
9:00 1,410 8:00 338 9:00 - 277 7:00 258

10:00 1, 9:00 328 10:00 282 8:00 262

11:00 1,160 12:00 m 319 11:00 272 9:00 256

12:00 m. . 1:00 p.m, 319 12:00 m. 268 210:15 262
1:00 p.m." 2:00 310

1 Pumping began at about 120 gallons a minute.
2 Water sample collected for complete analysis. Pump shut down.

|

Samples from this section, obtained with the samp‘ler,v ranged from
180 to 700 parts per million of chloride. The water having the highest
chloride eontent, which entered the well at a depth of approxin ately
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570 feet, apparently came from a bed of sand at that depth, although
it might have come from sands at 600 or even 650 feet an1 moved
upward outside of the casing before entering the well. This rection of
the well yielded about 110 gallons a minute with about 14 feet of
draw-down.

Chloride content of water pumped from well 1 (depth 226 io 450 feet) November 7-8, 1939
[Chloride in parts per million]

Date and time Cﬁlﬁlg— Date and time C;h;g— Date and time Cnhc{g' Date and time (ihdlg
Nov, 7 Nov, 7—Con. Nov, 7—Con, Nov. 8—Con.

11:10 p.m. 2,350 5:00 2,260 11:00 2,490 4:00 2,400
1:40 2,440 6:00 2,260 12:00 p.m. 2,490 5:00 2,445
2:10 2,495 7:00 2,300 Nov. 8 6:00 2,390
2:40 2, 8:00 2,350 1:00 a.m. | 2,520 7:00 2,445
3:06 2, 9:00 2,400 2:00 2,445 8:00 2,390
3:30 2,350 10:00 2,445 3:00 2,400 29:00 2,445
4:10 2,260

1 Pumping began at 26 gallons a minute.
2 Pump shut down.

BLANK CASING BETWEEN 226 AND 450 FEET

During this test 26 gallons a minute was pumped from a sect'on of the
well not provided with well screen, so the amount pumped must have
entered the well through holes formed by corrosion of the casing. The
isolated section was between the Jupper packer at 226 feet and the
top of the sand and clay plug at 450 feet. The chloride econtent of
samples of water discharged by the pump is given in the table on
this page. The chloride content of the water discharged remrained at
2,400 to 2,500 parts per million throughout the 20 hours of pumping
and showed no evidence that it could be lowered with further pumping.
One way of finding the salt-water leaks in this section of blank pipe was
to flush out the salt water with fresh water and determine with .the
electrodes the contacts between the salt and fresh water. These
contacts should be nearly opposite the leaks. Therefore tl'» pump
was shut down, and about 10 gallons per minute of fresh tap water
was poured into the well through a 2-inch pipe extending from the
surface to a depth of 243 feet. During this time the contact between
the fresh and salty water, as checked with the electrodes, moved
downward until it reached a depth of about 261 feet, below which it
could not be driven—conclusive evidence of a salt-water leak at 261 feet.
The stream of fresh water at 243 feet was then cut off and introduced
to the bottom of the well through 442 feet of 14-inch pipe. . The contact
between the fresh water on the bottom and the salty water above moved
upwards to about 392 feet and remained nearly stationary—good
evidence of a salt-water leak at 392 feet. Thus, the part of the well from
261 and 392 feet was filled with salty water, while above ard below
those depths the salty water had been flushed out. The stream of
fresh water was then changed from the bottom of the well to a depth of
about 337 feet. After it had run in for several hours at this depth, the
fresh water had replaced the salty water from 337 to 392 feet and also
had replaced a large part of the salty water between 337 and 262 feet.
It was believed from these data that sufficient evidence had been
obtained to show that the two main holes in the casing were at 261 and
392 feet. Probably there were also several other small holes between
those depths that were not well defined. The conductance readings
for the tests are given in the table on page 185.

/



- *APPENDIX, EL PASO WELL 1 -

Conductance measurements made in well 1, Nov. 8 and 9, 1939
[Packer at 226 feet, depth of well 450 feet]

\

Depth Current Depth Current Depth Current Depth Current
(milli- milli- (milli- - (milli-
(teet) amperes) (feet) ar&m peres) (feet) amperes) (feet) amperes).
1229 30 276 29 412 28 285 33
244 34 281 29 416 25 295 33
254 35 286 29 421 24 305 33
249 30-34 291 29 426 23 315 33
229 21 292 30 432 22 322 334
235 22 295 30 10437 22 325 333
243 23 300 30 336 33
244 24 _ 305 30 12243 23 346 3334
246 25 315 2934 2564 23 356 - 33
249 26 325 30 257 24 366 33
253 27 336 30 259 25 376 33
264 27 346 30 26034 26 387 33
261 28 356 30 1 27 392 33
263 29 366 30 28134 32 39334 31
266 30 376 30 262 33 397 30
267 31 386 30 269 33 398 29
268 32 396 30 274 33 402 27
270 32 398 31-32 285 33 403 26
273 33 ‘399 33 292 34 404 25
275 33 407 33 295 33 405 24
279 3334 417 33 297 34 407 23
285 334 427 33 300 33 410 22
287 34 6437 33 305 33 417 22
295 | 34 315 3214 427 .21
2305 34 1243 2234 317 33 14437 21
245 23 325 33
244 24 254 23 336 33 16243 23
254 25 . 2569 23 346 33 254 28
260 2534 262 23 356 33 259 23
262 26 263 23%% 363 32 260 .24
266 26 264 24 376 32 261 27
267 29 265 v 24 387 31 26134 32
268 30 28534 261s 392 30 264 32
285 30 266 27 397 2034 274 32
289 31 267 29 400 27 285 32
292 32 268 30 401 26 295 32
295 31 269 30 404 25 305 31
300 32 274 30 406 24 315 31
1305 32 282 30 407 23 325 32
315 31 285 2914 410 22 335 32
320 32 295 30 417 22 345 32
325 33 297 3034 427 22 3556 32
336 34 306 30 12437 2134 365 32
346 34 315 30 375 32
3566 34 326 30 243 23 385 32
366 333 335-397 30 264 - 23 390 31
376 333 39834 30 25934 23 393 30
386 33 399 32 260 24-25 397 30
397 33 39914 33 261 32 398 29
407 33 407 33 264 32 400 27
417 33 417 33 274 323 401 26
427 33 427 32 g&ﬁ 3214 404 25
438 33 8438 32 90 33 405 23
295 3234 407 22
4243 22 9243 23 305 323 410 21
264 22 254 23 315 32 412 21
263 23 287 24 326 32 417 21
264 23 259 25 336 32 18427 21
265 24 261 31 346-387 33
265} 25 . 266 33 393 32 17243 23
266 26 274 33 397 30 254 - 23
266%4 27 285 3235 399 28 259 23
267 28 287 33 404 26 26034 24
268 29 295 3234 407 25 281 30
275 29 297 33 409 24 264 30
285 29 305 3214 412 23 274 30
292 30 309 32 414 22 286 30
305 30 315 32 418 21 - 295 30
318 30 326 32 427 21 305 2934
325 31 336 31 13437 21 315 29
5336 31 346 31 325 2933
356 3034 243 24 335 29
243 22 361 - 30 249 24 340 29
254 22 366 30 254 24 343 24
263 22 376 30 259 24 345 25.
264 28 386 30 259 25 347 28
266 27 397 30 260, 26 356 25
267 28 401 29 261 33 368 25
26734 29 406 28 264 33 876" 26%%
29 408 27 275 8334 378 26




186 GROUND-WATER RESOURCES, EL PASO AREA, TEX.

Conductance measurements made in well 1, Nov. 8 and 9, 1 939—Continued

Current Current Current Current
Depth (milli Depth (xilli Depth (milli Depth (milli
- - - milli-
(feet) amperes) (feet) amperes) (feet) amperes) (feet) amperes)
387 254 344 24 376 371 3034
395 26 346 25 387 2813 376 30
399 27 348 25 389 28 381 30
409 2614 356 2514 397 2814 387 30
417 26 360-387 25 404 28 397 30
422 25 393 26 407 27 401 2914
427 394 25%4 417 27 405 29
433 23 399 25 421 26 413 29
18437 23 402 2514 425 27 416 2 Y
26 427 27 419 2815
244 23 405 26 429 26 422 28
254 407-419 25 438 25 427 2814
260 2334 24 21444 25% 432 28
261 10432 23 28438 2734
262 29 22244 26 24443 2713
263 20244 24 254 26
274 29 249 24 259 26 c 28244 24
285 29 254 24 261 26-30 254 24
290 2914 259 24 262 31 261 24
295 2 24 269 31 262 26
305 29 26234 2934 274 31 263 28
315 2813 264 30 285 30 264 28
317 29 295 30 274 28
322 2914 285 29 305 30 276 28
324 2914 295 29 315 30 285 28
327 305 29 325 30 295 28
330 29 315 29 336 30 303 28
334 28 325 29 342 0 305 2734
336 28 336 29 346 302 315 27
338 346 29 356 30 320 26
342 27 356 29 361 30 323 27
343 25 366 29 366 30 26325 28

1 Began running 10 gallons a minute of fresh water into the well at 243 feet.
210:06 a.m.
310:25 a.m.

2:30 p.m.
Water shut off at 12:50 p.m. Began running 10 gallons a minute of fresh water into the well at

;142 feet (1:20 p.m.).
»2:

1.
1e Wateg shut off at 9:20 p.m. Began running 10 gallons a minute of fresh water into the well at
337 feet (10:50 p.m.).
17 10:50 p.m.
8 11:15 p.m. ) 3 3
19 12:30 a.m. Pumping begun 1 a.m. at 27 gallons a minute at 337 feet. Pumped continuously

until 1:55 p.m.
20 10:30 a.m. .
21 10:45 a.m.
22 1:40 p.m.
28 1:55 p.m. ) .
24 Suction of pump moved from 337 to 262 feet and pumping-continued.

25 3:45 p.m.

26 End of test.

The well was pumped several hours with the intake at 337 feet, and
when the mineral content had reached its maximum a water sample was
collected for complete analysis, the assumption being that the sample
probably would contain, for the most part, water that entered the well
through the hole in the casing at 392 feet. After the sample was
collected, the suction of t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>