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A progress report on the Malaga Bend Experimental Sslinity
Alleviation Project, Eddy County, New Mexico

By

E. R. Cox and J. S. Havens
Abstract

At Malaga Bend on the Pecos River in Eddy County, New Mexico,

8 brine aquifer about 195 feet below the stream channel has a pressure.
head about 10 feet above the river bed. This aquifer normally dis-
charges about 430 tons of dissolved minerals daily into the river

of which about 370 tons was sodium chloride.

The Malaga Bend Experimental Salgnity Alleviation Project, authorized
by the U.S. Congress in 1958, Public Law 85-33%,is an attempt to
determine if the salinity content of the Pecos River below Malaga Bend
can be decreased by reducing the inflow of saline water into the
river at Malaga Bend by pumping from the brine aquifer.

Construction for the project was supervised by the Bureau of
‘Reclamation, and the collection of data and its interpretation
were the responsibility cooperatively of the U. S. Geological Survey

and the Pecos River Commission.



Construction for the Malaga Bend Expe;imentﬁl Salinity Allevi;tion
Project began in 1962 and was completed in 1963. An 0ld observation
well was rehabilitated to be used for the pumping of brine from the
aquifer end an 8-inch asbestos-cement plastic line was built to the
Northeast Depression located about 1 1/3 miles southeast of the brine
well.

The Northeast Depression had been selected as the most suitable
place to store the brine after a study had been made of several other
sites including the possibility of underground storage. The floor of
the depression and part way up the sides was compacted to :
retard brine leaksze from the depression.

The pump was started at noon July 22, 1963. The brine was pumped
at about 550 gpm from July 22, 1963, to noon November 22, 1963, at about
325 gpm from noon Nevember 22, 1963, to noen March 23, "1964, and at:
éboﬁt 450'gpm thetea‘ftﬂer.‘ .

The sodium chloride lbad in the river at Malaga Bend began to
decline in early August 1963. The average gain in chloride load
between Fishing Rock Crossing (at the upper end of Malaga Bend) and
Pierce Canyon Cro;sing (downstream from Malage Bend) declined from
258 tons per day in July 1963 to 66 tons per day in August 196k,

about 75 percent.



A problem has developed in connection ﬁith-poéeible leakage of.:'
brine from the Northeast Depression. Leakage was indicated by in-
creases in the chloride content of water in three observation wells
near the depression. During the year August 1963-July 1964, inflow
to the depression was about 700 acre-feet, evaporation was about
304 acre-feet, and change in storage accounted for 288 acre-feet.
Leakage from the depression, therefore, was about 108 acre-feet or
about 15 percent of the total inflow .to the depression. .

The stage at which brine would spill from the Northeast Depression
(23.3 feet) would be reached latein 1967 at a pumping rate of 460 gpm
if leaksge is disregarded. At a stage of 20 feet, the yearly
evaporation would be as much as the yearly pumping at a rate of 300 gpm.

Evaluation of the factors that control the leakage from the RNorth-
east Depression, the quantities of brine involved and the direction

and rate of 1ts movement must await the collection and analysis of

additional data. It is possible that other storage must be found.



Introduction

The purpose of this report is to present and evaluate all pertinent
data through 1964 for the Malaga Bend Experimental Salinity Alleviation
Project. The objective of the project is to determine the effect on

by the
the quality of water in the Pecos River / removal through pumping of
ground-water brine discharging to the river.

Studies indicated that the discharge of the brine to the river could
be reduced substantially by pumping at least 300 gpm from a well completed
in the brine aquifer at a depth of 195 feet below the river (Hale, Hughes,
and Cox, 1954, p. 36). The disposal of the brine pumped from a well at
Malaga Bend was a problem that required considerable study. A cursory
examination indicated that the brine could be diverted to a nearby
natural depression for disposal where it would evaporate leaving a solid
salt residue.

The possibility of using the Queen Lake Depression, near Malaga
Bend, for a disposal area for brine was comnsidered. La;ge quantities
of brine, however, would leak from Queen Lake at moderate and high lake
stages without expensive artificial treatment of the lake floor
(Cox and Havens, 1961, p. 52-53).

A large salt lake about 5 miles north of Malaga Bend used by a
potash company for disposal of brine from their processing plant was
considered as a disposal area for brine from Malaga Bend. The potash
company that owns the lake, however, after careful considerationm,

declined a request to store brine from Malaga Bend in their lake.



Consideration was given to storage of the brine in plastic—linéa.
ponds near Malaga Bend. This plan was too expensive for funds available
for the project. |

The feasibility ofAinjecting brine from Malaga Bend into a deep-
lying aquifer, the Delaware Mountain Group of Permian age, was investigated.
From 300 to 600 gpm of brine probably could be injected into the Delaware
under gravity flow, but chemical reactions between the two brines would
probably form chemical precipitates that might clog an injection system
without expensive treatment (Cox and Kunkler, 1962, p. 66-67).

Because large surface disposal areas for brine were either not
watertight under natural conditions or not available and underground
storage was not feasible, the Pecos River Commission selected the Northeast
Depression as the brine-disposal area. The Northeast Depression is large
enough to provide storage to evaluate the effects of pumping from the
brine aquifer to reduce brine discharge to the river. Funds were
available to treat part of the depression to reduce leakage.

Construction for the Malaga Bend Experimental Salinity Alleviation
Project, authorized by the U.S. Congress in 1958 (Public Law 85-333),
began in 1962 with the rehabilitation of an old observation well to be
used for pumping brine. Construction was completed in 1963. At noon
July 22, 1963, pumping of brine beéan at a rate of about 550 gpm. Data

were collected before and after pumping began.
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This progress report compares the data on the salt content of the
river above and below Malaga Bend, before and after pumping the ground-:
water brine, to determine the effectiveness of the pumping on reducing
the salt content in the Pecos River water. It also describes the problem
of disposing of the pumped brine and the new problem that has developed
in connectiog with apparent leakage from the present disposal lake in
the Northeast Depregsion. Evaluation of the factors that control this
leakage, the quantities of brine involved and the direction and rate of

its movement must await the collection and analysis of additional data.
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Construction for the project

The main parts of the Malaga Bend.project were constructed undcr
three contracts administered by the U.S. Bureau of Reclamation. The
first contract involved a brine-production well. An old test well,

/ldér_'ilﬁ%d(uisfslgeb)g’ was rehabilitated by pulling the old 8-inch steel
casing and reaming the well to 16 inches in diameter to a depth of
195 feet, at the top of the brine aguifer at Malaga Bend. Twelve-
inch plastic casing was cemented in the new well and the well was
drilled 11 inches in diameter below the plastic casing to a depth of
223 feet. An B-inch steel pipe about 43 feet long with the bottom
20 feet slotted with:%—inch,by:h—inch slots was pléced ine - 0
the well as a liner. Gravel was placed between the liner and the
walls of the well. After completion, the well yielded 600 gpm of
brine with a drawdown of about 42 feet during a 24-hour test.

The second contract involved the briﬁe-d15posal system for the
project. This included: (1) An embankment to raise the land surface
at the production well even vith the nearby terrace to protect the
well from large floods in the Pecos River; (2) furnishing and installing
a pump, pumphouse, and brine meter; (3) an 8-inch, asbestos-cement
pipeline from the well to the brine-disposal area (the Northeast
Depression); and (4) drilling and casing 10 observation wells

around the brine-disposal area.



The pump was a 5-inch submergible type capable of pumping
450 gpm against a head of 160 feet of water. It had a Monel metal
shaft and corrosion resistant nickel alloy diffusers and impellers.
The electric motor was 60 cycle, 440 volt, three phase, and rated at
40 horsepower. The pump was installed at a depth of 175 feet below

land surface. The submergible pump failed in April 1964 and was

replaced with a turbine pump. The pump fallure apparently was not
caused by contact with the brine.
The pumphouse is an 8-foot square metal prefabricated building

moﬁnted on a concrete floor. The bullding may be lifted from the
floor to service the pump and the well. The meter is a 6-inch
Sparling salt-water type with a dial that registers discharge from

90 to 900 gpm and a totalizer that registers in thousandths of an
acre-foot up to 1,000 acre-feet. The discharge indicator oscillated
end was not dependsble. A new meter head was installed in August 1963,
but that indicator also oscillated. In August 1964, the meter failed
completel); and was returned to the factory for repair. A new meter
was installed in January 1965; the discharge indicator oscillates

only slightly.

13



The pipeline extends 10,456 feet from the blowoff structure,
adjacent to the pumphouse, to the venting structure at the edge of
the Northeast Depression. The pipeline rises continually throughout
its length and is buried to a depth of at least 2 feet. The pipe is
8—incﬁ:ﬁg;meter, asbestos-cement type with an epoxy coating inside the
pipe. The epoxy coating was provided at no cost by the manufacturer
for experimental purposes. The blowoff structure is at the lower end
of the pipeline and has a valve with which to drain the pipeline.

The venting structure is an open concrete box where gases associated
with the brine escepe to prevent accumulstion in the uppermost part

of the pipeliné. A 6-inch diameter, plastic pipe, joined in 30-foot
lengths, extends from the venting structure to the bottom of the
Northeast Depression. This plastic pipe lies on the ground surface and

lengths can be removed as the depression fills.,



The observation wells were drilled near the Northeast Depression
to obtain water-level and quality-of-water data to help evaluate the
effectiveness of the depression as a disposal area for brine. Some
wells drilled prior to 1962 also are used for measuring water levels
and collecting water samples. The wells were reamed to 6 inches in
diemeter and drilled to a depth 20 feet below the top of the water-bearing
zone. . They -~ were equipped with 2-inch diameter plastic casing that
was slotted opposite the water-bearing zone, and were gravel packed.
That part of the casing above land surface is steel pipe. Thg locations

of observation wells used in this study are shown in figure 1.

Figure 1 (caption on next page) belongs near here.

logs of wells drilled near the Northeast Depression in 1962 are shown
in teble 1. and lower slopes
The third contract involved clearing and compacting the floor/of
the Northeast Depression and fencing the entire disposal area. lLack of
funds wcuid not permit clearing or compacting the remaining part of the
depression. The bottom 52.8 acres (to altitude 2,938 feet) was cleared
and plowed to & depth of 18 inches. Brine was used to bring the soil
to optimm moisture content. The upper 18 inches vas'compacted to at
least 98 percent of maximum density. Then the compacted area was
covered with 6 inches of soil to prevent drying of the compacted layer.
The Bureau of Reclamation established a grid system in the

depression, locations and altitudes of the observation wells, and

topography of the depression after the compaction had been completed.
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Figure 1.--Map showing locations of wells, depressions, pipeline, and
river-sampling sites in the Malaga Bend area, Eddy

County, N. Mex.



In addition to the three contracts administered by the Bureau of
Reclsmation, miscellaneous items were constructed by the Geological
Survey from project funds. These items were: (1) Romds to the
observation wells; (2) a fence around a weather station near the
Northeast Depression; (3) an evaporation pan; (4) two sets of staff
gages in the depression; and (5) markers to measure the thickness of
salt crust in the depression. The Geological Survey provided weather
instruments other than the evaporation pan.

The weather station is in a swale so that it is similar to the
Northeast Depression in altitude and exposure to prevailing winds.

The altitude at the center of the Northeast Depression is sbout 2,929
feet and at the weather station sbout 2,933 feet. Instrumentation
includes a recording rain gage, a wedge~-type rain gage, an anemometer,
a hygrothermograph, a maximum-minimum thermometer, and a recording
evaporation pan. The evaporation pan consists of a k-foot diameter .
open pan (standard class A land pan) connected by l-inch diameter
galvanized pipe to a covered reservoir 5.65 feet in diameter with twice
the open pan capacity. A ﬁ-inch copper tube soldered in the cover of
the closed pan provides venting and an opening for the recorder float
line. Both pans are set on 2-inch by 4-ianch wooden support which
allows about 4 inches for air circulation beneath the pans. A weekly
recorder, calibrated in thousandths of a foot, is connected to a 12-inch

plastic float in the closed pan.. {See fig. 1A.)

Figure 1A (caption on next pageY belongs near here.
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Figure 1A.--View of evaporation pan and the weather station near the

Northeast Depression.
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Methods of investigation

Data on ground-water levels, streamflow, and quality of water have
been collected in the Malaga Bend area for many years. Part of these
deta were collected during previous investigations for the Malaga Bend
project and part were collected as basic data on the quality end qhantity
of streamflow. No attempt is made in this report to present all dasta
availleble before pumping of brine began at Malaga Bend. Only those -
data that compare with data collected after pumping began are
presented.

Hydrologic data were collected before pumping began to determine
natural conditions for comparison with data collected at a later date.
Water-level recorders were installed on 10 wells in the Malaga Bend -~ ~o-.
ares (fig. 1). Water samples were collected at regular intervals from
17 wells around the Northeast Depression and from 4 sites on the Pecos
River. '‘In addition, the Malaga Bend reach of the river (Fishing Rock
Crossing to near well USGS 11, fig. 1) was sampled at 4 sites for a
2k-hour period July 16-17, 1963. Miscellaneous streamflow measurements
were made at all the sampling sites and the streamflow was either

measured or estimated at the time each sample was collected.

Y
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Water samples have been collected weekly from the Pecos River
at Fishing Rock Crossing, near well USGS 11, and at Pierce Canyon
Crossing since July 26, 1963, and at Lower Wading Station since
March 13, 1964, to determine the effects of pumping on the mineral
load in the river. Staff gages were installed at Fishing Rock Crossing
and near well USGS 11, and ratings were made from discharge measurements
so that chloride load in the river could be determined for each sample
collected. The Malage Bend reach of the river was sampled at 3 sites
for a 2h-hour period in August 1964 to determine changes in the chloride
loed in the river since the similar test in July 1963 before pumping
began.

In addition to nearly continmuous water-level data from the recorder
wells, ,water levels have been measured monthly since November 1962.
Additional water-level measurements are made in 17 wells a.rc;und the
Northeast Depression when water samples are collected. Therefore,

water levels are measured semimonthly in these 17 &Qemtioh"we}iQ'
Continuous data on evaporation, precipitation, temperature, and

relative humidity have been collected from recording instruments at

" the weather station near the Northeast Depression since pumping began.
Water for the evaporation pan is air-lifted from well 19.421. Water
levels in the closed pan are determined at midnight to the nearest
thousandth of a foot from the recorder chart and multiplied by three

to give daily evaporation. The water level in the open pan is measured
with a hook gage in a stilling well in the pan weekly or after filling
the pans: The anemometer dial is read at the same time to the ne;.rest

tenth of a mile of cumulative miles of wind movement. Non-recording,
wedge~type rain gages were set up in tli.e Northeast Depression and near
the pumphouse. A microbarograph is in the pumphouse.

20



The project area has been visited by Geological Survey personnel
at least vweekly since pumping began. During each vislit, the weekly
recorders on observation wells and weather instruments are serviced,
the vweekly water samples are collected from the Pecos River, and the
brine meter and the electric meter are read. Also, the staff gages
in the Northeast Depression are read, the water level in the pumped
well is measured, and weather observations are made. Personnel from
Red Bluff Water Power Control District visit the area at least weekly
to check on the operation of the pump. At that time, the brine meter
and the electric meter ere read. The Red Bluff district is responsible
for the operation and maintenance of the pumping plant, pipeline, end
brine-storage area.

The pumping rate was reduced from 550 to 325 gpm on November 22, 1963,
and increased to 450 gpm on March 23, 1964, to observe effects due to

different pumping rates.(table 2).

21



Well-numbering system

The system of nmumbering wells in this report is that used
by the Geological Survey and the State Engineer in New Mexico.
The well number locates the well to the nearest 10-acre tract in the
land net. The series of numbers coi'responds to the township, the
range, the section, and the tract within the section as shown in

figure 2. The letter "a" is added to the well mmber to designate

Figure 2 (caption on next page) belongs near here.

the second well in & 10-acre tract. Because most wells in this project
area are in T. 24 S., R. 29 E., the numbers denoting the township and
range are omitted for wells in that township. Ffield numbers also have
been added in this report for some wells drilled during earlier
investigations. Wells whose numbers include "USGS" in parentheses are
observation wells drilled with cable-tool drills under contract with

the Geological Survey.
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Figure 2.--System of numbering wells in New Mexico.
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Occurrence of water in the Malaga Bend area

Iate
The Rustler Formation,of/?ermian age and alluvium of Quaternary age

contain water that affects the Malaga Bend Experimental Salinity
Alleviation Project. Two zones of the Rustler contain water. Saturated
brine occurs at the base of the Rustler just above salt of the
Salado Formation df/%ﬁ::ian age under sufficient pressure to rise
through the overlying rocks and discharge into the Pecos River at
Malaga Bend. Higher in the Rustler the Culebra Dolomite Member contains
confined water. Test wells penetrated little or no water other than
in these two zones of the formation. The Culebra has slumped because
of solution and is not continuous at all places in the Malaga Bend
area, especially in the depressions.

The alluvium contains either confined or unconfined water where
it is thick enough to extend into the zone of saturation. It contains
water at Malaga Bend, Queen Lake, and nearby depressions. The brine
aquifer, the aquifer in the Culebra, and the aquifers in the alluvium
are connected hydraulically, at least locally. Leakage from the

Northeast Depression will probably move through alluvium and solution

channels in the Culebra to the Pecos River.
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The pilezometric surface of the brine aguifer was almost level at
an altitude of about 2,900 feet at Malaga Bend before pumping began.
For exa.mple‘, the piezometric surface on July 19, 1963, was at altitude
2,899.7 feet in wells 16.133 (UsGS 8) and 17.4lk (USGS 11), st altitude
2,900.0 feet in well 16.311 (UGS 1), and at altitude 2,900.3 feet in
well 16.323 (USGS 7). The piezometric surface was higher in wells &
few miles from Malsga Bend./ Tt vas at altitude 2,905.0 feet in well
2%.28.24.211 {USGS 2) on July 19, 1963, and at altitude 2,923.4 feet
in well 8.111 (USGS 3) on July 18. The piezometric surface of the brine
aquifer may be lower than is shown by water levels in wells 24.28.24.211
(uscs 2), &Z_J_u_ (usz;s 3), and possibly 16.311 (USGS 1) and 16.%3 (USGS T)
because the casings may have holes that permit water from the alluvium
or Rustier Formation to enter the wells.

The plezometric surface of water at the base of the alluvium -

was at altitude 2,899.0 feet in well 16.133a (USGS 10) on July 19, 1963.

| This water is saturated with sodium chloride from the brine aguifer and
its piezometric surface is slightly lower than that of the brine aquifer.

The water level in well 30.421a (USGS 14) was at altitude 2,892.6
feet on July 19, 1963. This well is Tinighed in collapse breccis
near Queen Teke. -0 C- . 0 _.

The piezometric surface of the brine aquifer was lower in the Queen
lake Depression than that at Malaga Bend before pumping began. The

plezometric surface in well 30.421 (USGS 12) was at altitude 2,884.9

feet on July 19, 1963.



The unconfined water in alluvium and the confined water in the
Culebra Dolomite Member of the Rustler Formatlon sloped toward the
Pecos River at Malaga Bend and near the Northeast Depression before
.pumping began. The unconfined water formed & mound under Malaga

Bend where the alluvium is recharged by irrigation water (fig. 3).

Figure 3 (caption on next page) belongs near here.

26



Figure 3.--Map showing the configuration of the piezometric surface
in alluvium and the Culebra Dolomite Member of the
Rustler Formation in the Melaga Bend area, Eddy County,

N. Mex., before pumping of brine began.
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A previous investigation showed that the Pecos River gained about
430 tons of dissolved minerals daily between the Malaga and Pierce
Canyon Crossing gaging stations. Of this amount, about 370 tons was
sodium chloride. (Hale, Hughes, and Cox, 1954, p. 14-15.) The average
gain in chloride load of the river between the two gaging stations for
water years 1952-64 (October 1, 1951-September 30, 1964) ranged from

213 to 272 tons per day (fig. 4) and averaged 248 tons per day during

Figure 4 (caption on next page) belongs near here.

the period. A large part of the gain in mineral load between Malaga
and Pierce Canyon Crossing gaging stations occurs between Fishing Rock
Crossing and Lower Wading Station (fig. 1).

The reach of the river between Fishing Rock Crossing and the site
near well USGS 11 was sampled at 2-hour intervals for 24 hours July 16-17,
1963. The chloride load of the river during this period is shown in

figure 5. The average gain in chloride load between Fishing Rock Crossing

Figure 5 (caption on next page) belongs near here.

and near well USGS 11 during this period was 168 tons per day. The
average gain in chloride load from near well USGS 11 to Pierce Canyon
Crossing during a similar 24-hour perioq/%%rch 1962 was 49 tons per
day. The sum of these averages gives. an average gain in chloride load
from Fishing Rock Crossing to Pierce Canyon Crossing of 217 tons per
day. Average gains in chloride load between sampling sites from

Fishing Rock Crossing to Reed's Pump are listed in table 3.
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Figure k.--Graph showing gain in chloride load of the Pecos River
between Malaga and Pierce Canyon Crossing gaging
stations, October 1951 to September 196k.

Figure 5.--Graphs showing éhloride load of the Pecos River around

Malega Bend,July 16-17, 1963, and August 12-13, 196k.
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Effects of pu@ping

Pumping from well 16.133 (USGS 8)' affected the piezometric surface
in wells 17.44% (UsGs 11), 16.311 (USGS 1), and 16.%3 (USGS 7) in the
brine aquifer at Malaga Bend almost identically. (See figs. 6, 7, and

8.) These wells are within 0.5 mile of the pumped well. The large

Figure 6 (caption on next page) belongs near here.
Figure 7 (caption on next page) belongs near here.

Figure 8 (caption on next page) belongs near here.

fluctuations in August 1963 are cause? by frequent pump stoppages due
to electrical problems. The changes in water level on November 22,
1963, and March 23, 1964, are due to changes in pumping rates The
large change in water level in April 1964 resulted when the submergible
pump failed and was replaced. The small fluctuations are due mostly
to changes in barometric pressure.

The pumping effects in wells that tap the brine aquifer greater

distances from the pumped well are shown in figures 9 and 10. Well

Figure 9 (caption on next page) belongs near here.

Figure 10 (caption on next page) belongs near here.

24.28.24.211 (USGS 2) is about 2.6 miles and well 8.111 (USGS 3) is
about 1.8 miles from the pumped well. The fluctuations of water levels
in these wells are similar to but smaller than those in the wells nearer
the pumped well. The large rise in water level in well 24.28.24.211
(UGS 2) in September 1964 was due to recharge by rain water running

into nearby sinkholes..
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Figure 6.--Graph showing fluctuation: of water level in vell 17.m (UZSGS 11).
Figure 7.--Graph showing fluctuation: of water level in well 16.311 (USGS 1).
Figure 8.--Graph showing fluctuations of water level in well 16.3%3 (UGS 7).
Figure 9.--Graph showing fluctuationc of water level in well

2k.28.24.211 (usas 2).

Figure 10.--Graph showing fluctuationr of water level in well 8.111 (USGS 3).
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Pumping brine from well 16.133 (USGS 8) also affected water ~ievels
in the alluvium at Malaga Bend. Before pumping began, brine moved into
the alluvium because the ‘brine aquifer had a higher hydraulic hesd,
but after pumping began the gradient was reversed and water moved from

the alluvium into the brine aquifer. Figure 11 shows the pumping

Figure 11 (caption on next page) belongs near here.

effects in well 16.133a (USGS 10), finished at the base of the alluvium
near the pumped well. The fluctuations of water level in this -~ .. '~
Well. -, are similar to but smaller than those in wells in the brine
aquifer. The rise in water level in July, August, and September 1964
was probably due to recharge by irrigation water and precipitation.
Water levels in shallow well; that penetrate only the upper pa;rt of
the alluvium at Melaga Bend may have been affected by pumping from the
brine aquifer. The decline of water levels in shallow wells in the

alluvium at Malaga Bend (fig. 12) may be seasonal declines and the

Figure 12 (caption on next page) belongs near here.

water levels may be affected only slightly by pumping from the brine aquifer.
Part of the decline of water level in shallow well 16.%3a is probably due
to leakage through holes in the casing to well 16.23 (Usds T7) which taps
the brine aquifer. These two wells consist of casings one inside the

other in the same hole. Part of the decline in shallow well 16.31la may

be due to leakage of water fram the alluvium into well 16.311 (USGS 1)
through holes in the casing. Well 16.311 (USGS 1) and 16.31la, however,

are not in the same hole. Apparently, water levels in wells 16.431,

16.324, and 17.44%a have not been affected by pumping from the brine

aquifer.



Figure 11.--Graph showing fluctuation: of water level in well 16.133a (USGS 10).
Figure 12.--Graphs showing fluctuations of water levels in shallow wells

in elluvium at Malaga Bend.
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Figure 12.--Graphs showing fluctuations of water levels in shallow
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The pumping of brine from well 16.133 (USGS 8) does;‘not"seén;:to have
affected water levels in any aquifer other than the brine aquifer and the
alluvium at Malaga Bend. Of interest is the fact that the water level
in well 30.421 (USGS 12) near Queen Leke has not been affected by the
pumping even though this well is finished in brine at the base of the
Rustler Formation. The brine aquifer near Queen lake, therefore, is not
connected with the brine aquifer at Malage Bend.

Lowering the piezometriec surface of the brine aguifer at
Malaga Bend by pumping had reduced the head of the brine aquifer about
8 feet in well 17.44k4 (USGS 11) by July 1964, (£ig> 6) .- Before “pumping
began-ﬁh'e plezometric ‘surface of-the-brine-aquifer was-at altftade - -~ ¢
2,899.7 feet. The bottom of the river near well 17.444 (USGS 11) is at
altitude 2,888.9 feet; or the head of the aquifer was 10.8 feet above
the bottom of the river before pumping began. The head of the brine
aquifex: , therefore, was still almost 3 feet above the river at the

lower end of Malaga Bend after a year of pumping.
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The Pecos River gained about 430 tons of dissolved minerals daily
between the Malaga and Pierce Canyon Crossing gaging stations before
pumping of brine from well 16.133 (USGS 8) began on July 22, 1963.

The average gain in chloride load in the river from Fishing Rock
Crossing to Pierce Canyon Crossing was 217 tons per day. The gain in
chloride load in the river between Fishing Rock Crossing and Pierce

Canyon Crossing has been reduced since pumping began-(fig. 13).- .

Figure 13 (caption on next page) belongs near here.

The gain began to decline in early August 1963 and has generally
continued to decline since tha% time. The fluctuations in the gain are
probably caused by natural fluctuations in the chloride load upstream
from Malaga Bend and by errors in sampling, measuring, and laboratory
determinations. Also, no correction was made for lag effects betweenm -
the two sites.

The reach of the river between Fishing Rock Crossing and the site
near well USGS 11 was sampled at 2-hour intervals for 24 hours August
12-13, 1964, to compare with similar data collected July 16-17, 1963,
before pumping beganu(fig. 5).,-'f.f The average gain in chloride load
Petween Fishing Rock Crossing and the site near well USGS 11 was 168
tons per day July 16-17, 1963, and 59 tons per day August 12-13, 196k.
The gain was about 65 percent less August 12-13, 1964, than July 16-17,
1963. The average gain between Fishing Rock Crossing and Pierce Canyon
Crossing in July 1963 was 258 tons per day and in August 1964 was 66
tons per day (fig. 13); or the gain was about 75 percent less in August

1964 than in July 1963.
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Figure 13.--Graph showing gain in chloride load between Fishing Rock

Crossing and Pierce Canyon Crossing, July 1963 to August

196k.
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The average gain in chloride load between the Malsga and Plerce
Canyon Crossing gaging stations declined from an average of 248 tons
per day for water years 1952-63 to 101 tons per day for water ~c~o

year 1964 (fig. 4).

51

»



Northeast Depression

The Northeast Depression has a storage capacity of about 1,300

acre-feet. The bottom of the depression (after campaction) is at

altitude 2,928.7 feet and the low point on the rim is at altitude

ey
S~ e -

2,952.0 feet. Brine would spill from the depression at gage o -..¢

height <23.3 feet’(fig.fiA). ‘The maximum area for brine ‘storage is

Figure 14 (caption on next page) belongs near here.

94 acres. The bottom 52.8 acres, to altitude 2,938.0 feet (gage height

9.3 feet), was cleared and compacted to retard leaksge.
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Figure 14.--Graphs showing contents and area of the Northeast Depression.
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Precipitation of salt

Salt began to precipitate in the Northeast Depression immediately
after pumping began. Within a week, a dense hard crust that could
support a man had formed on the bottom of the depression. A scum that .
quickly develops into thin rafts forms on the surface of the brine pond.
When these rafts become heavy enough, they sink and accumulate. The sait
precipitate is composed of twinned, cubic, halite erystals as much as
half an inch across. Most of the crystals, however, are less than a
quarter of an inch across.

The salt accumulates thickest on objects such as sticks, clods of
dirt, markers, and gages in the depression. This is because wave action
alternately wets the objects with brine and exposes them to the
atmosphere. Sal£ also accumulates near the shore of the pond by the
same action.

Ioose salt erystals accumulate by wave action in sheltered areas
forming pockets of salt sand.

Fresh water entering the brine pond from runoff dissolves salt
from the crust. After heavy rainstorms, the brine pond is muddy and
has a much différent appearance than after long dry periods when the

pond is relatively clear.

8



Algse

In July 1964, the brine in the Noétheast Depression began to have
a slightly pink color. Microscopic examination of the water showcd red,
yellow, and colorless algae. The types of algae in the water were not
identified. In September 1964, the brine was diluted by runoff and the

algae disappeared.
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Leakage from the depression

One of the most important parts of the study is to determine
leaksge from the depression. Brine that leaks from the depression
would probably follow the path of movement of ground water in the area.
Ground wate£ moves in directions perpendicular to the water-table
contours (fig. 3) from the Northeast}Depression eastward, southeastward,
or southward toward the Pecos River. Leakage probably would move in
these directions to the river. leakage possibly could move in other
directions because a mound of brine would build up under the depression
and create a gradient in all direction.

Brine lesking from the Northeast Depression and moving toward the
Pecos River could be detected in observation wells that ring the

N

depression.(fig. 1):-. . Leakage from the depression would result in a
rise in the water level and an increase in chloride content of water in

the wells. Figure 15 shows the water level and chloride content of

Figure 15 (caption on next page) belongs near here.
water in wells near the Northeast De;ression.

Leakage from the Northeast Depression would be expected to appear
first in wells 20.322, 20.431, and 29.213 because these wells are nearest
the depression and in the path of most likely movement of leakage. The
water levels in these wells have not risen consistently to indicate
leakage, but rises that have occurred could be attributed to recharge
from precipitation. The chloride content has consistently increased
since May 1964 in wells 20.431 and 29.213 and since June 1964 in well

20.322 indicating probable leakaze from the depression (fig. 15).
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FluctysTions of
Figure 15.--Graphs showing, water level and chloride content of water

in wells near the Northeast Depression.
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Figure 15.--Graphs showing fluctuations of water level and chloride content

of water in wells near the Northeast Depression.

1125



. ‘010
ADN
*130
1418
‘snv
ane L
anne
0
avm | -
“adv
‘uvm
‘o
v ‘NP
N ‘810
4 ‘AON
N
(] 100
AEEES ‘1418
\ \ ‘any
4 -
ﬂn 217 8 ane
) y O
o g nne
NS 0
- el N~ Avw | =
Il[llllll' udv
H
ﬂ.. \\\ uvm
= AR anil "
«\ NYP
4 ‘330
N
w "ADN
y ‘190
(€ ‘1438
‘snv
_ > 3_
p= L A ane 6_
\ wne
- - - (- vm w
| - - - - QD (=}
- M - L r.: r’ T\
” 4 - = .
™ ™ NG ND uh U e
Q3717 S -
[ 1 ﬂ | _ “NYP
~ o))
(3] (3] (2]

INIOd ONINASVAW MOTAY ‘ILadd NI “¥ALVM OL HIdad

‘v '8 "N NI 30VW
‘03 N38Z.1310 3N3BN3

- SEHANDOW A8 SdV3IA E
¥3dVvd HdVd9 N382Z.31Q 0EL-OPE ‘ON
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of water in wells near the Northeast Depression - Continued
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Figure 15.--Graphs showing fluctuations of water level and chloride content
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The amount of leakage from the Northeast Depression can be
estimated by accounting for the inflow to the depression. The inflow
is the brine pumped plus funoff into the brine pond. The outflow is
evaporation plus leakage from the depression. The difference between
the inflow .and the outflow is the amount of brine in storage in the
depression. The leakage can be estimated because sll the other

factors can be either measured or closely approximated.



During the period July-December 1963, about 335 acre-feet of t;rine
was pumped into the depression and about 13 acre-feet of runoff entered
the depression; hence, the inflow was about 348 acre-feet. The pumpage
was metered and the runoff determined from rainfall data. The evaporation
was about 72 acre-feet and about 228 acre-feet of the inflow remained
in storage. The evaporation was determined by applying the measured
evaporation from & pan to the average area of the lake surface; a
coefficient of 0.9 was used from the pan to the lake.

Ordinarily, a coefficient should be applied to correct from
evaporation of fresh water to evaporation of brine. The water from
well 19.421 used in the evaporation pan is not fresh water, on the
contrary it is & brine;, although not as concentrated a brine es timt - ~
being evaporated in the depression, ~During the summer, salt crystals

precipitate in the open pan.. Consequently, the water ds saturated with
sodium chloride mch of the: year a.nd no_coefficient for sallnity was used.

A coe:fﬁcient of 0.6 to 0.8 1is used in larger bodies of vater,:but
in the Northeast Depression, a shallow lake with a comparatively high
water temperature, a coefficient nearer unity was used. During early
periods of observation when leakage through the compacted ares was
probably small, a coefficlent of 0.9 gave leakage estimates of 10
percent or less. Evaporation and rainfall are shown in table 4, The
change in storage in the depression was determined by the change in
gage height for the period and its relation to the contents of the
depressicn (fig. 14). A total of 300 acre-feet of. inflow, therefore,

can be accounted for as evaporation or change in storage. The leaksage

for the period July-December 1963 was about 48 acre-feet, or about 14
L' d

percent of the total inflow.
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Similarly, during the period July 1963-June 1964 the pumpage
wvas 6l4 acre-feet and the runoff about 23 acre-feet for a total inflow
into the depression of about 667 acre-feet. Evaporation was about
261 acre-feet and change in storage 285 acre-feet. Leakage, therefore,
was about 121 acre-feet, or about 18 percent of the total inflow,
table 5. Du.ring July 1964 the water in the depression rose above the
compacted area. For the period July-1963-December 1964 the pumpage
was 1,020 acre-feet and the runoff about 39 acre-feet for a total
inflow of about 1,059 acre~feet. Evaporation was about 451 acre-feet
and change in storage was 390 acre-feet. Leakage was about 218 acre-feet
o:/aeg.of‘ercent of the total inflow into the depression.

The rate of leakage from the Northeast Depression has increased
since July 1964 because the surface of the lake has been above the
compacted area. The salt crust may become thicker in future years,

however, and may retard leakage. But it seems more likely that leakage

will 1ncréase as the lake covers more of the uncompacted ares.



Capacity of the depression

The Northeast Depression cannot be used for storage of brine
continually at & pumping rate of 460 gpm unless leakage is large.
The stage at which brine would spill from the depression (23.3 feet)
would be reached late in 1967 at a pumping rate of 460 gpm if

leakage 1s disregarded. (fig. 16).. At a stage of 20 feet and an average

Figure 16 (caption on next page) belongs near here.

annual evaporation rate of 6 feet, the brine would cover about 82 acres
and evaporation would be about 500 acre-feet per year. About 300 gpm
(484 acre-feet per year), therefore, could be pumped into the depression
until the salt crust became thick enough to force brine to spill from
the depression. A stage of 20 feet would be reached about October 1966
(fig. 16) at a pumping rate of 460 gpm, if leskage is disregarded. The
rate of leakage from the depression, however, affects the estimates of
future leke stages. For example, if 450 gpm were pumped into the '
depression and 150 gpm (33 percent) leaked from the depression, the

lake stage would be the same as 1f 300 gpm were pumped into the

depression with no leakage.
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Figure 16.--Graphs showing actual and projected stages of the lake in

the Northeast Depression.{from.July 1964).
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Additional disposal

If the pumping rate is reduced to insure the continual use of
the Northeast Depression as & disposal area, the quality of the water
in the river will not be improved as much as it will be if the present
pumping rate is maeintained. For this reason, additional disposal areas
are mentioned here in case it is desirable to continue to pump at a
rate of 450 gpm and the lake stage rises to the capacity of the Northeast
Depression. Also, if the salt is of commercial velue, another disposal
area could be used while salt is harvested from the Northeast Depression.
A depression in the gl sec. 29, T. 24 5., R. 29 E., (fig. 1),
here called the Southeast Depression, probably could be used as a
disposal grep for brine. By constructing a dike about 20 feet high and
about 500 feet long across a gap in the southeast corner of this
depression, it would have a storage capacity at least as large as that
of the Northeast Depression (1,300 acre-feet). The Soytheast Depression
would have a maximm storage area of about 200 acres and a meximmm

depth of about 20 feet.
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Disposal ponds to store a thousand acre-feet of brine
could be constructed on a flat between the road and the river in the
SEL sec. 20, T. 24 S., R. 29 E. The ponds could be made by erecting
embankments and lining the interior areas with plastic or compacted clay.
If the ponds were 10 feet deep and covered a total area of 100 acres,
1,000 acre~-feet of storage would be provided.

The Queen Lake Depression could be used as a disposal area if the
bottom and sides of the depression were treated to reduce leasksage
(Cox and Havens, 1961, p. 53) and runoff from the drainage area west
of Queen Lake we;e diverted awvay from the depression. Also, disposal
ponds might be constructed on the floor and terraces in the Queen lake

Depression.
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Table l.--Logs of test wells near the Northeast Depression

Test well 19.244 Drilled December 11-13, 1962
Thickness Depth
Material (feet) (feet)

Silt. brown; ‘dry, loose; contains numerous

caliche pebbles -—-----oococmmcmmmm e 10 10
Conglomeratej dry, hard; cuttfngs very fine --- 25 335
Dolomkte, shaly, tan; moderately hard, dry; .

cuttings platy and powdery -------------c--o 17 52

Shale, reddish-brown, some greenish- -

gray; damp to dry; -moderately

Gypsum, selenite and alabaster; white, dolor-

less; and, pink; AYY ee-c oo 8 68
Siltstone, gray; drys wmoderately soft --------- 1 69
Clay and gypsum, clay reddish brown, gypsum

mostly platey pink and white selenite;

moderately-firm-~—=---cmeemmmcmemeeeneeaaa o 20 89
Siltstone, 1light greenisbh-gray; moderately :

soft,to soft, slightly demp--------ccccea—ea- 60 149

No water struck at 149 ft. Hole not cased. Filled up.
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Table l.--Logs of test wells - Continued

Test .well 19,421 : Drilled December 15-17, 1962
Thickness Depth
Material (feet) (feet)

,Silt and very fine-grained sand, dry, loose,

brown; contains caliche pebbles from 9-1l--——-wo 14 14
Sand, fine- and very fine—grained, dry, loese,

brown; contains caliche pebbles --veecccmcccccaa 5 19
Sand, clayey, brown; fine; t6 medium-grained

with stme coarse fregments; damp S-----eeeeeeaa- 5 24
Sand and caliche, clayey,lightybréwn;-damp ------- 10 34
Clay, silty, reddish-brown; moderately -

soft; contains caliche pebbies;-damp ----c-cea-- 18 52

Culebra Domomite Member of Rustler Formation,
dolomite, moderately hard,.broken,.gray, .
green, and tan; contafins clay and calcite

"crystals; has many solution openings -------w--- 20 72

Water-bearing zone 52-72 ft,
Well gravel packed 16-72 ft,
Depth to water 37.26 ft below land surface at completion; 2-in. casing

set to 70 ft.
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Table 1,--Logs of test wells - Continued

Test well 20.134 ' Drilled December 7-11, 1962
. Thickness Depth
Material (feet) (feet)

Silt, brown; dry, loose; contains occasional

pebbles e e 6.5 6.5
Caliche, gray, tan and white; moderately hard

to hard; - cuttings ground up finely ---wwe---- 12.5 19
Sand, brown;.dry, loose, fine-grained ---------- 9 28

Clay, reddish-brown; moderately soft; dry to

QEIID = mmmmm e e e 6 34
Conglomerate, hard cemented gravel and sand ---- 29(?) 63(?)
No recovery; 6-inch cavities at 64 and 74 ft --- 9 72

Culebra Dolomite Member of Rustler Formation;

dolomite,.gray to tan; hard , sandy and shaley

at places, broken, jointed; some evidence of

solution action and secondary deposition =---- 11 83
Shale and dolomite breccia, gray to greenish-

gray, silty; contains some solution pits ----- 3 86
Shale, greenish-gray; silty, firm; contains a

few fragments of dolomite ----cmmmecccacmccaaa 1.5 _ 87.5
Shale, reddish-brown; firm, contains streaks

of green shale ~-ccmmmmm e 2.5 90

Gypsum, gray; dense, crystalline -------cceeeaue 2 92

Water-bearing zone 72-86 ft.
Well gravel packed 45.5-92 ft.

Depth to water 61.75 ft below land surface at completion; 2-in. casing

set to 93 ft. 5k



Table l.--Logs of test wells - Continued

Test well 20.322 Drilled October 24-31, 1962
Material Thz;:::;s ?;EZ:)

Silt, brown, loose; dry with caliche pebbles ---- 4 4
As above, but some dark-brown clay ;nd quartzite

pebbles —~---ccmmc e rrcr e 3 7
Conglomerate, quartzite and limestone pebbles,

and sand ~--~-~cemmmccccccccc e ccccccnme- 11 18
Silt and very fine-grained sand, yellow to

brown, well-sorted (siltstone of Rustler

Formation); poorly consolidated -------eaeeaooo 32.5 50.5
As above, slightly damp --~----cecmmmcmmmccceeas 22 72.5
Limestone or dolomite,yellow with black spots;

hard, Crystalling . —----e-mm-mmnmmmmnmommmmmn 3 75.5
Limestone (limy dolomite?); cavernous with

solution channeling and secondary calcite;

somewhat soft and granular ----eeeeecmccccana_. 4.2 79.7
Culebra Dolomite Member of Rustler Formation;

dblomite,, greenish-white, hard, somewhat

fractured; vuggy, manganese stains in fracture

planes =-ccccmcmmccm i ccn e nrcmemcceceecaaea 1.3 81.0
Dolomite, hard —~---ce=mcemmmmmc e 2.0 83.0
Dolomite, cavernous; grading to clay ~-~-~=e-ece=e, 0.8 83.8
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Table 1.--Logs of test wells - Continued

Tebt well 20.322 - Concluded

Material ey (eeet)

Clay, yellow, toughy slightly calcareous -------- 0.9 84.7
Dolomite, rotten; some gypsum, white

crystalline appearance -—-e---c-cocmcmcmcmaocaoo .1 84.8

Siltstone, deep-red-brown; soft, sandy ---------- 10.7 95.5

Water-bearing zone 74-83.3 ft.
Well gravel packed 62-80.

Depth to water 60.18 ft, below land surface at completion; 2-in. casing set

to 94 ft.
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Table l.--Logs of test wells - Continued

Test well 20.412

Drilled November 1-14, 1962

Material Thiéz;‘i‘)" ’Z:z::)

Caliche or conglomerate and calcareous

cement =--—e—m e e e 4 4
Sandstone; silty and sandy siltstone; soft ------- 3 7
Conglomerate, .hard , poorly  consolidated,

calcareous; caving =-=---mcccmcc e 7 14
Clay, sandy, 'light-brown to yellow;c;oﬁt:ains fine-to

very-fine sand -------ccccmccc e 4 18
Sand, fine, red, - , silty and clayey ------------ 6 24
Sandstone, red;..fine to medium; contains some clay

and a fe;}r éa;liche pebbles; damp w--ececeeccqaa 15 39
Sandstone, poorly indurated; caving, with

clay stringers; damp from 61.5-62.0 ft.---ccee-- 40 79
Shale, red and blue; some .red sand and silt;

‘some iron Btains----m-e-e --ocooooooomoooooooooo 6.3 85.3

. Saline water below;’(9 féet
- (Depth to water 76 ft below land surface)

Shale, yellow, hard, some blue shale;

yellow sand partings on beddiug planes ~-------- 1.2 86.5
Shale, blue to greenish-white and

yellow, with iron-stained yellow sand;',contains some .

ilard: rock. Fragments-mmem e oe oo 2]1 88.6



Table l.--Logs of test wells - Continued

Test well 20.412 - Concluded

Material Thickness — Depth
Clay, silty, yellow-green; some yellow sand
SETINGers =-=---m—m e 3.9 92.5
Sand, medium, yellow, unconsolidated or very
poorly consolidated; may contain more water -- 9.5 102.0

A little harder at 102.

Water-bearing zone 79-102 ft.

Gravel packed 72-102 ft,

Depth to water 59.21 ft. below land surface at completion; 2-in. casing

set to 105.5 ft, surface casing still in hole.
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Table 1l.--Logs of test wells - Continued

Test well 20.431 Drilled October 3-10, 1962
. Thickness Depth
Material (feet) (feet)
contains
Silt and sand, fine;[caliche pebbles ---=--=-ww--a 0.5 0.5
Caliche, gray to-tan; hard ------cc-cmmcmcmma—- 1.5 2
Sand and caliche pebbles ~=----cmccmmcmmmca e 6 8
Conglomerate, limestone -------cmccemmmmccccaneoo 5.5 13.5

Dolomite, white to brown, multicolored, jointed,

lig&f contains solution pits; brecciated gt

places =—~-—mmcmm e 16.5 30
Sand, fine- to medium-grained, Yyellow- -

brown; poorly indurated damp------cec-ccmccmcaoan 2.5 32.5

‘contains

Conglomerate or breccia:/few sandy veins and

small dolomite fragments; moderately Qell—

cemented ~=----—comemmm e [ 1.0 33.5
Sand, yellow; poorly consolidated ~---e-ce-emmm-aa 4.0 37.5
Conglomerate, poorly consolidateﬁ;;contains sand

stringers; clayey and silty ----c-cceecamaaconaa 0.5 38.0

Sand, yellow; fine to medium, angular to

subangular; poorly consolidated —--cccccmmaccnaaa 5.0 43.0
_contains
Clay, loose; dolomite pebbles:ﬁéome gray shale -- 1.0 44.0

Shale, red, calcareous; contains a few calcareous

nodules and streaks of light yellow-green

siltstone; damp =-=-==-===c--mmcemcem e 5.5 49.5
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Table 1l.--Logs of testwlls -~ Continued

Testwell 20,831 - Continued

i
Culebra Dolomite Member .of Rustler Formation;
dolomite,. limy, porous and vuggy in part ----- 0.5 50.0
Shale, - red aqdrgreeg: ---------- —mmmemmomms———-o--e 5 50.5

- Dolomite, limy, vuggy.;gaverhoﬁs; contains many solution
't(éhannels,; secondary crystals,?ﬁime sQﬂLlites - 8.5 59.0
As abovgfd56me manganese dioxide(?) black
BpOtE wo e m e 1.0 60.0
Dolomite, limy, cavernous, brecciated in
8pPEAraANCEe ==-——-m-— e ——————— r————— 3.5 63.5
Dolomite, limy, cavernous, vuggy, surrounding
large (1 to 2 in,) fragments of grays .-
white, veéy slightly calcareous clay (weathered
. dolomite?) =eecmcm e mmel 2.5 66.0
Show of water 65-65.5
Depth.to water 63.75 ft below land surféée,

A B3.5266 === mmm o mm e c oo mem e e meem 4.0 70.0

Clay ; Yed =m-i-—==—==mmmm e .2 70.2

channels —ewr=mme e o e e 1.3 71.5
Domomite, light~greenish-white, chalky . - . g
(as "clay" 63.5-70); small vugs, some filled with
calcite crystals; solution channeling’in part

of section ——--cc e 6.0 77.5



Table l.--Logs of test wells - Continued

Testwell. 20.431 - Concluded

Material Th;;ﬁziis ?2222)
Clay, yellqw;softg-éontains_iron staing e--------- 0.2 77.7
Dolomite, as .71.5~77.5 e e 5.3 83.0
No record ~=--=meem v e 1.0 84.6

Water-bearing zone 65-84 ft.
Well gravel packed 54-84 ft.
Depth to water 63.66 ft.below land surface at completion; 2-in. casing set

to 84.5 ft.



Table 1.--Logs of test wells - Continued

Test well 20.432 Drilled October 16-22, 1962
Material Thickness Depth
(feet) (feet)

' silt, brown, loose, contains caliche and .

quartzite pebbles ; Ary = --comcmmcm o 4 4
Caliche(?) =----ocmmm e 6 10
Conglomerate, weathered(?) -~-----oemmmmmcmcmmee 2 12

Conglomerate, ‘hard; quartzite , '

and limestone pebbles with sandy matrix -~------- 11 23
Sand, light-reddish~brown; fine to very fine,

unconsolidated ~—--cemmmm e 6 . 29
Sand, fine to mediumy; 1l00S€ ~m-mmmeemcmcmee e 5 34

Sand, fine to medium; a little finer than

Conglomerate, hard, and fine to coarse sand and

gravel; contains quartzite, chert, and}:founded ¥

petrified wood. pebbles;calcareous cement =-------- 4 46
Clay, medium red—browg, slightly calcareous;

8P = === === 10,5 56.5

Sand, red,, PIREmm=mm mo oo 1 57.5

Sand, red and medium, fine; some red-brown clay:--- 10 67.5
Sand = e e e 1 68.5

Clay, bedded with yellow iron-stained sand in

Cracks =me oo mmm ———————————— ;o5 69.0



Table 1l.--Logs of test wells - Continued

Test well 20.432 - Concluded

Material Tht;z:sss 2;2::)
Sand -------- e i TS 0.5 69.5
Clay bedded with sand ~~----ccmmmcn e .5 70.0
Sand and clay -=—-c--mmmmm e 3.5 73.5
Possibly more water at 73.5 f£t.

Sand ——m - e .3 73.8
Clay, sandy -«----=cccec--- e ——— ' 74.2
Clay and soft sandstone;

half clay and half sandstone -==-=---ecocece-ae .2 74.4
Sand and clay, reddish-brown ~-v--cecccmmcaaaa-a 3.1 77.5

Water-bearing zone 56.5-77.5 ft.
Well gravel packed 17-61 ft.
Depth to water 59.35 ft below land surface at ampletion; 2 in. casing set

to 73 ft.
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Table 1.--Logs of test wells - Continued

Test well 29.141 ) Drilled December 3-5, 1962
Material Thickness Depth
(feet) (feet)

S8ilt and very fine-grained sand, loose, -~ ,

brown; contains occasional caliche pebbles

from 10 to 15 ft;-Ary-----cocmmmmmmmmmme e 14 i4
Sand, very fine-grained, contains silt; same

as 0-15 £t., but COBYSEr cm . S ——— 5 19
Sand, tan, loose, very fine-grained; contains

EYPSUM Crystals =——-emccm e e 5 24
Silt, clayey, tan, soft, friable ----c-ememmecao. 10 34
Clay, silty; moderately.soft,. greenish- -

gray; contains some water -------ceemmmmmcccaa 5 39
Clay, silty,. reddish-brown, moderately soft;

MOLEE O WEb mmmmmmmmmmm e mm e m e e 5 44
Sand, very fine-grained; contains some loose,

lightsgray to white, well-sorted-silt; dry <-==- 7 51
Clay, reddish-brown, silty, soft;-contains .

numercus gypsum erystals (selenite); :dry to)demp- 3 54
Clay, reddish-brown, silty, moderately softs

contains some sugary gypsum (alabaster) eee<-z-= 5 59
Clay, brown, silty, soft; wet.(from seep,at(35- |

45 £t), not as wet, 65-T1-ft-----mmommcmmmooeeo 12 71
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Table 1l.--Logs of test wells - Continued

Test well29.141 - Concluded

 Material Thz;:zi§s ?;z;:)
Culebra Dolomife Member of Rustler Formation;
dolomite, hard, gray, broken; contains numerous
solution openings; saturated —~---ceecmmemmmcacao 5(7) 76(?)
Clay, brown, silty, soft; wet —---eccmomamacooo 1 77
No recovery - probably broken dolomite -----e-eaa-- 15 92

Water-bearing zone 71-92 ft.

Well gravel packed 54-90 ft.

Depth to water 37.92 ft below land surface at completion; 2=in. casing set

to 90 ft.



Table 1.--Logs of test wells - Continued

Test well 29.143 Drilled December 5-7, 1962
Thickness Depth
Material (feet) (feet)

§ilt, brown; dry, loose; contains caliche

Caliche, tan .to white; moderately hard; dry <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>