United States
Department of the Interior
Geological Survey
" Albuquerque, New Mexico

Summary of hydrologic investigations by the United States Geological
Survey at White Sands Missile Range, New Mexico
by

Leon V. Davis and Fred E. Busch

6870

U. S. Geological Survey open-file report

Prepared in cooperation with the U.S. Army, White Sands Missile Range,

A
W

New Mexico

February 1968

3\



CONTENTS

ID,tI‘OdUC i0n =wecccccccmm- - > - > - - - - - - - . = - - -

Well-numbering systém =------cccecmcamcccccccme e neee e

Definitions of terms used in the summary

Avbreviations used in the summary =-=-=—-e-=---eececccceacc--

General occurrsnce and quality of water ==----cececcmccccncccce-

Headquarters arza =-—-------crmomm e a e cen et e e e

Recharge =--=-=-ceeccmoccecccm e e e e e e e e e

Dis:narge ___________ - e e e e e e P - -

quall Ty Of WOLEY mmmcmccc e ccccco e mrmm e m o m - oo -

Pc.sitilities of 2ncroachment of sali

ne water eeeewae=-=

Tra..omissitility of bolson deposits =—e—m<ccemcccmccmccnna-

. Eticcte of pumping =--=--=-c--c---ce-

!‘. .................

Small MiIssile Range arsa ===-=ec=ccecemeccc—mccc—cccrec—m—n———-

dazarioto Te il Ared ==-eeccceccccccmccmcc e c e e cecr e m e

GrounG water in the arsg e-=eec--eccceccccaccccccce e e

Welos invastligated e-eme-mcmemcccoccmm e e e e me

Chezmical quality of water =------mcecceccccacccccaccccccccea

Rhodes Canyon well

-

Salinas Peak area

Exploration for ground-water supplies

Mockingbird Gap area ~--

Malpais area

Chupadera Mesa-Transmalpais Hills area --

Page
10
14
17
18
19
74

134
135
137
138
140,
141
142
160
161
162
169
170
177
178

179
180
181
183
184



CONTENTS - Concluded

Page

" Sierra Oscura backslope area =--~=--- IR cmmmmmmee————— - 185
Atlas Project area, Holloman Air Force Base ==-=-cacccccccacae —~—— 187
Atlas test well T=l ~eveccecccccccca-a S - ———————— 188
Atlas test well T=2 e-eeccecee-- cem——— cemenm————— ———mmmce——— 189
Atlas test well Tell ecccecceceaa- cmceammmcemccmemmee—e———— 190
Tularosa-Alamogordo ares =w==seeccccccacccecccccccccccces ——————— 199
CarTizoz0 Ares e-em-m—mceccce—ccseccmeee——————————————————— c——— 201
Three Rivers 8rea =e--es-ececccccceccccecccccrcceeesccscocccnennn 203
Area southeast of Valmont and north of Orogrande pipeline -«--=-- 206
Boles well field area ==weweeccecececcacceccccececeeee=- S 209
Jornada del Muerto Apollo site ~=-cemvwcee- e menm e, ———————— 264
Geology and ground water OCCUrrence =--~==e----==- S 264
Aquifer test =-eee—cceeccccaccccccccccecccccceccccea— - ———— 272
Chemical qualify of water e==-e-cmmmemcecccccaccccncanaaa - 273
Bosque del Apache Wildlife Refuge ===mem-cecmeccccceeccccccececcae. 274
Stallion Range Center =-=emeeecceecmcccccmcccccccccccmccmncccaaa- 275
Red Canyon Range Calp =--=m=-e-ceceeccsmcccececeecceccem—ee——= —— 279
MAR facility water sSupply =--==-eem-ecescccaacccccccccccscscccaneaa 280
Upper Sacramento River canyon eee—eesccccecccccoccees e —————— 284
The Hueco Bolson 287
Conclusions and suggestions 293
Selected references 297




Illustrations
Reference
Page
Figure 1l.-——Index map showing White Sands Missile Range.

Large circled numbers indicate areas of

separate sheets of figures 4 and 5; hachured

aree are overlap between sheets. Small circled

numbers refer to areas mentioned in text and listed

at upper right of this map «e-=ccesccccamecncaaaaaa 11
2.-—Systeﬁ of numbering wells and springs in New Mexico

(5 in front of number indicates a spring) =--=--=-- 15
3. ~=Diagramatic section showing general occurrence

of ground wate:. along the flanks of the uplifts

in Tularosa Basin =e=---ceccrcccaccncaccecaccenaca 19
4L ~-Map showing location of wells, chemical quality of

water, and areas of possible occurrence of potable,

inferior, and nonpotable water in the White Sands

Missile Range and adjacent areas e=--e-c-cceca-a-a 72
5~-Map showing location of wells, well data, extent

of bolson fill, and contours on the water table

in the bolson fill in the White Sands Missile Range

and adjacent areas ---cecemccccaccccacccacccae- -———— 72

.6.--Approximate thickness, in feet, of the bolson deposits

in the Headquarters area, White Sands Missile Range,

based on earth resistivity data ==---eeececccenaaa 74



Illustrations -~ Continued

Reference
Page

Figure 7.--Approximate altitude, in feet, of the bedrock surface

in the Headquarters area, White Sands Missile Range,

based on earth resistivity data 74

8.--Approximate configuration of the water table in the

Headquarters area, 1954 76

9.-~Approximate configuration of the water table in the

Headquarters area, January 1964 ' 76

10.--Approximate depth to water in feet below land surface

in the Headquarters area, 1954 76

1l.--Approximate depth to water below land surface in the

Headquarters area, January 1964 - 76

12.--Map showing approximate water-level decline 1954-64

in Headquarters area well field 76
13.-=Hydrograph of observation well (Main Gate well)
equipped with continuous water-stage recorder,

White Sands Missile Range Headquarters area.

Daily hydrograph for 1961-63 76

l4.--Section along line A-A', 1963. (See fig. 9 for

line of section.) 78
15.~-Pumpage in the Headquarters area well fileld,

million of galloms, 1953-63.. - 135




Illustrations - Continued

Figure 16~-~ Performance test of well 21.4,22.222, Hazardous
Test Area, White Sands Missile Range, N. Mex.,
Aug. 5, 1960 ~ccecmmm e
17—~ Recovery of water level after bailing well
21.4.22.222, Hazardous Test Area, White Sands
Missile Range, N. Mex., Oct. 6, 1960 -ccccccccwae-
18-~ Water levels during drawdown and recovery and rate
of discﬁarge during performance test of
well 21.4.22.222, Hazardous Test Area, White Sands
Missile Range, N. Mex., Oct. 13-14, 1960 -w-ce-ua-
19+~ Drawdown and residual drawéown in Gregg well
(22.6.8.414), ﬁhite Sands Missile Range, N. Mex.,
during performance test on Qct. 30, 1961 -wv-ee--
20.~-Rate of discharge and sand content of water pumped
from Gregg well (22.6.8.414), White Sands Missile
Range, N. Mex., during performance test on
Oct. 30, 1961 —ccecmcmc e
21 ~ Coefficient of transmissibility of the bolson fill
in the vicinity of Gregg well, White Sands

Missile Range, N. Mex., using residual drawdown

after pumping test om Oct. 30, 1961 —-c-ccemcouuaa- '

22 ~—Map of the Carrizozo area, Lincoln County, N. Mex.,
showing geology, wells and altitude of the water

table, April 1957 weveemcccmcmccccccrcceccceeea

Referencs
Page

163

163

166

174

174

174

201



Illustrations - Concluded

Figure 23.--Map of the Three Rivers area, Otero and Lincoln
Counties, N. Mex., showing well and spring data
and contours on the water table, 1957 --c-vvcmee--
24 ,~-Map of an area southeast of Valmont and north of
Orogrande pipeline, Otero County, N. Mex.,
showing contours on the water table, depth to Qater,
and sulfate content of ground water, 1956 -=-----
25.--Map of the upper Sacramento River Canyon, Otero County,
N. Mex., showing wells, springs and part of
Orogrande pipeline =—----ccmcmmm e cacee
26 ,--Map showing water-level contours in the Hueco Bolson
area, Texaé and New Mexico, January 1954 ————e——ee
27.--Map showing saturated thickness of fresh-water-
bearing deposits (chloride content less than 250

parts per million) in the Hueco Bolson area, Texas

and New Mexico

Referenc:
Page

203

206

285

288

288



Table 1.

10.
ll'
12,

13.

Tables

Potential perennial yield or amount in storage

of water of different quality in Tularosa Basin

and adjoining 2reas we===—=--cmmmmcmcm——e___
Generalized stratigraphic section and water-bearing

character of the rocks in the White Sands

Missile Range and adjoining areas, New Mexico

and TeXas =-=c-cr--mceccemcmcar e rne e ———————
Records of wells in the White Sands Missile

Range, N, Mex, «~--w-wc--w-- .- ————————
Chemical analyses from selected wells in the

White Sands Missile Range, and adjoining area----
Records of springs in the White Sands Missile
_ Range, N; Méx. ;'-f ---------------------------- -
Chemical analyses from selected springs in the

White Sands Missile Range, and adjoining area ---

Logs of wells in the Headquarters area e-=-e-s-w--

Well test data, Headquarters area - -

Coustruction data for water-supply wells,

Headquarters area - -
Log of wells in the Small Missile Range -——-—————-
Log of well 21.4.22.222, Hazardous Test Area ————=——

Log Gregg test well (22.6.8.414)

Logs of wells in the Atlas Project area -———-————

Page

22

23
24
51
65
67
80

128

129

147

165

171

191



Table 14.

15.

16.

17'

Tables - Concluded

Logs of wells and test wells drilled in 1954

and 1955 in vicinity of Boles well field ~-------

- Records of wells drilled at Apollo PSD facility ---

Log of well 6.3.5.232, Stallion Range Center -----

Log of MAR-1 test Well —-eremec e mmcecrceamen

Page

210
265
276

281



Summary of hydrologic investigations by the United States Geological
Survey at White Sands Missile Range, New Mexico
By

Leon V. Davis and Fred E. Busch

Introduction

The White Sands Missile Range (including the Range Extension)
lies principally in the vast semiarid Tularosa Basin of southi~central
New Mexico but includes also the San Andres Mountains, along the
western side of the missile range; the San Augustin Mountains, at the
soutawestern corner; the Sierra Oscura, in the north-central part;
and the Los Pinos Mountains, in the northwestern part of the North
Extension of the range. |

The U.S. Geological Survey for many years kas, at the request of
the U.S. Army, made investigations to determine the availability and
quality of water that might be utilized by military installations in and
near the Missile Range. The studies involved geologic mapping, well
inventory, drilling, testing by pumping of exploratory test wells, |
obtaining quality of water data, rendering technical assistance during
the drilling and completion of supply wells, and monitoring water levels,
chiefly in the Headquarters area. The results of the various studies

are summarized in this repart.
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Explanatory text is at a minimum; maps, charts, and tables
present the data in graphical form. The reader is referred to the
list of references for the individual reports from which most of
these data were taken. The summary was prepared at the request of
the U.S. Amy Post Engineer, White Sands Missile Range. The locatiom

of the Missile Range is shown in figure 1.

Figure 1 (caption on next page) belongs near here.
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Figure l.--Index map showing White Sands Missile Range. Large circled
numbers indicate areas of separate sheets of figures 4 and
5; hachured areas are overlap between sheets. Small
circled numbers refer to areas mentioned in text and listed

at upper right of this map.
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This summary report contains maps showing the areas of investigation;
the outcrops of consolidated sedimentary and igneous rocks, and alluvium
(bolson £ill); contours on the water table in alluvium; water-level
changes; quality of water data; areas vhere potable wateri/ is known
to be or probably is present; arsas where inferior water is known to
be or probably is present, and areas where noﬁ-potable water probably is
present. The general occurrence of water at the White Sands Missile
Range and the hydrologic and geologic conditions at the He2adquarters
area, within the range, are shown on maps and cross sections. Records
of wells and detailed chemical analyses of water are given in tables.
Most electrical and other types of geophysical logs of many wells in the

White Sands Missile Range and adjoining areas are on file at the U.S.

Geological Survey, Geology Building, University of New Mexico, Albuquerdque,

. Mex., and at Headquarters, White Sands Missile Range.

}/ In this region, sulfate and chloride are the principal mineral
conétituents that render much of the water unfit for human consumption.
Generally, if neither of these constituents is present in objectionable
qﬁantities, the water does not contain other dissolved minerals in
objectionable quantities. In this report, the term "potable" describes
water in which neither the sulfate nor the chloride is present in
excess of 250 ppm (parts per million), as recommended in the U.S. Public
Health Service standards. Water containing between 250 and 500 ppm of
either sulfate or chloride and less than 750 ppm of tae two together
is called "inferior"” or '"near potable". Water containing more than
500 ppm of sulfate or chloride or more than 750 ppm of both is called
"nonpotable". Water containing more than 1,000 ppm of dissolved water

commonly is called "saline water."
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Well-numbering system

The system of numbering wells and springs used in this report
is that used by the Geological Survey in New Mexico and is vased on
the common subdivisions in sectionized land. The number, in addition
to designating the well or spring, locates its position to the nearest
10-gcre tract in the land net. The number is divided by periods into
four segments. The first segment denotes tae townsaip south or north
of the New Mexico base line; the second denotes the range east or
west of the New Mexico principal meridian; and the third denctes the
section. Most of the area discussed in this report is south of the
base line, and most of it is east of the principal meridian. The letter
1 has been placed after the first segment of the number if the well or

spring is north of the base line.
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The fourth segment of the number, which consists of three digits,
denotes the particular 10-acre tract in which the well or spring is
situated. PFor this purpose, the section is divided into four quarters,
numbered 1, 2, 3, and 4, in the normal reading order, for the northwest,
northeast, sputhwest, and southeast quarters, respectively; The first
digit of the‘fourth segment gives the quarter section, which is a tract
of 160 acres. The quarter section is divided intc four 4O-acre tracts
numbered in the same manner, and the second digit denotes the LO-acre
tract. Finally, the 4O-acre tract is divided into four 1lO-acre tracts,
and the third digit denotes the 1lO-acre tract. Thus, well 17.9.12.422

is in the KEINELZSELX sec. 12, T. 17 S., R. 9 E., as shown in figure 2.

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

e

If a well or spring cannot be located accurately within a l§0-acre tract,
zeros are used for the appropriate digits of the fina£ segmént. If the
well or spring'cannot be located more closely than the section, the
fourth segment of the well number is omitted. Letters a, b, c...are
added to the last segment to designate the'second, third, fourth, and
succeeding wélls or springs listed in the same 1lO-acre tract. An S
in front of the number indicates a spring.

Some wells and test wells are listed by the White Sands Missile

Range Post Engineer numbers as well as the numbers in the general well-

numbering system.
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Figure 2.--System of numbering wells and springs in New Mexico

(S in front of number indicates a spring).
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Definiticns of terms used in the summary

Aquifer - A geologic formatioﬁ, a part of a formation, or a group of
formations that is water bearing.

Field coefficient of permesbility - the number of gallons of water that
can pass in 1 day through s l-square-foot cross section of the
aquifer at right angles to the direction of flow under hydrauliec
gradient of unity at the prevailing temperature.

Coefficient of transmissibility - the coefficient of transmissibility,
in gallons per day, is equal to the field coefficient of permeability
multiplied by the thickness of the saturated aquifer, in feet.

Coefficient of storage - the volure of water an aquifer releasgses or
takes into storage per unit surface area of the aquifer per unit
change in the component of uead norral to that surface.

Specific yield - the ratio of the volume of water a saturated rock will
yield by gravity to its own volume.

\

Spacific capacity - yield in gallons per minute per foot of drawdown.

17



N

Abbreviations used in the sumary

acre-t = water discharge, or volume, in acre-ft
(the volume of water required to cover 1 acre to a depth of 1 foot).
Equal to 43,560 cubic feet, or 325,850 gallons.

gpn = gallons per minute

gpd = gallons per day

ppr = parts per million

T

coefficient of transmissibility

S = coefficient of storage

i

P = coefficient of permeebility
t = time, in any specified unit

S

]

drgwdown, in feet

Q = discharge, in gallons per minute

MP = measuring point

18



General occurrence and cuality of water

Suppliiss of potable ground watsr are relatively sparse at toe

White Sands Missile Range in gouti=-central New Mexico. Potable'
weter gewnerally 1S ~onfined to permsable zones in the fanslope
sepris ailong tie flanks of +ue mounteins tkat bound the Tularosa
basin. The few streams containing potable water in Whiéé Sands

Missile Range and adjoining areas are fully appropriated and other

than thne Rio Grande are restricted to the mountains along the east
side of the basin.

L1+hes ot o T4 D et e waTt 5

Llthouzt: supplies cf potable water are sparse, abuniant supplies
of water of inferior or nonpotable guality are available in the lower

fanslopes znd in the basin proper (fig. 3).

Figure 3 (caption on next page) belongs near here.
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Figure 3.--Diagrammatic section showing general occurrence of ground

water along the flanks of the uplifts in Tularosa Basin.
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Because of the wide range in climate from lowest to highest
elevations and because rocks in the region differ greatly in hydraulic
characteristics, the occurrence of both surface water end ground water
vary greatly at differe:nt places.

The only =conomically impor .ent bodies §f surface water near the
Missile Range, aside from infrequent flood flows, are the Rio Grande
and the perennial str=ams in the Sacramento Mountains and Sierra Blanca,
which ars Rio Tularosa northeast of the town of Tularosa, Rio Bonito,

Eagle Creek, and ths upper parts of the Three Rivers drainage system,

in Three Rivars Canyon and Indian Creek. Malpais Spring, in the floor
of Tularosa Basin, discharges about 1,500 gpm (gallons per minute) of

salins water to Salt Creek. Laks Lucero, in the west central part of

Tularosa Basin, is a largs wet-weather lake. The water is highly saline.
The quantity and quality of ground water varies widzaly. The

potential yield, of amount in storage, of water of differsnt quality

is given in table 1; the general water-bearing characteristics of the

various water-bearing beds are given in table 2; well data are given

in table 3; and quality-of-water data for wells are given in table 4;

spring data are given in table 5; and quality-of-water data for springs

are given in table 6.
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The largest supplies of potable ground water are in the Rio
Grande valley in the vicinities of Bosque del Apache Wildlife Refuge and
Las Cruces, and in the southwestern part of Tularosa Basin and the north-
western part of Hueco Bolson betwean Waite Sands Missile Range and El
Paso, Texas. Potable ground water also underlies parts of southern
Jornada del Muerto, relatively small areas at the sides of Tularosa
Basin, and extremely small areas in ths rest of the region.

Twelve large-capacity wells have been constructed west of the Rio
Grande in the Bosque del Apache wildlife Refuge by the U.S. Fish and
Wildlife Service; one reportedly was tested at 1,500 gpm and the other
at more than 2,000 gpm. A test well to determine the availability
of ground water on the east side <f the river in the Bosque del Apache
Wildlife Refugs as a source of supply for Stallicn Range Camp.yielded
150 gpm and had 37 feet of drawdown. This area is within the Rio Grande
Undesrground Water Basin, closed by the State Engineer to additional
appropriation of water -r¥-~=pt for damestic use. Unde; the regulations,
additional large wells can be ie?eloped only if appropriations of
surface water or ground water equalling in quantity the amount to be

pumped from the new wells are retired from uyse.
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A zone of potable ground water extends from the Headquarters aresa
of White Sands Missile Range slong the east side of the Orgen and
Franklin Mountalns to the El Paso area. The HuecO Bolson probably has
as much as 0.2 million acre-feet of potable ground water in storage
in New Mexico and 7.4 million acre-feet in Texas. Proper well-field
planning would permit recovery of at least half this amount before
that remaining vecame critically contaminated by underlying highly-
mineralized water. However, this area has not been adequately
evaluated by drilling and testing. Pumpage in the E1 Paso area was
about 69,000 acre-feet in 1962 (Marvin E. Davis, written communication,
194,

Other occurrences of potable ground water, important because of
location, are as follows: In the northern part of Jornada del Muerto,
the Fite PW well in the SWi sec. 4, T. 6 S., R. 2 E., the Hardin Ranch
well in ths NE} sec. 27, T. 12 S., R. 2 E., and the Trail Canyon well
in the SW% sec. 36, T. 6 S., R. 5 E. yield small quantities. In the
northarn part of Tularosa Basin, the Baca well in the
NEL sec. 34, T. 6 S§., R. 6 E. and the Mockingbird Gap well in the
NW% sec. 15, T. 8 S., R. 5 E. yield small quantities. In the west-
central part of Tularosa Basin, the MAR wells in the
SW% sec. 17, T. 19 S., R. 5 E. yileld potable water, and the Bairds Ranch
well in the SEy sec. 23, T. 17 S., R. 4 E. ylelds near-potable water.

The Murray well in the SEL sec. 32, T. 8 S., R. 5 E., during a

test, yielded 100 gpm of water that contained about 300 ppm sulfate and

less than 700 ppm dissolvad solids. The well is one of the few sources

of usaole water in that area.
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Most recnerge to the aquifers in and near the White Sands Missile
Range is in cthe areas adjacent to the mountain masses and in the Rio
Gran@e Valley. recipltation that falls in the recharge areas is
partly absorbed by porous fan materials and percolates downward to
the water table. Part of the runoff in arroyos heading in the
mountains alsc infiltrates and recharges the aquifers. In the Rio
Grande Valley water infiltrates directl& from the river and from
irrigated fields.

Recharge in the regicn is small and most grounde-water bodies have
attained theilr present storage only through many hﬁndreds, perhaps
thousands, of years of accretion from recharge. Although recharge is
expressed as a certaln figure annually, there may be no recharge
during some years. .

The potable ground-wzter supplies can be recharged to some extent

by artificial re-~hargs through wells or ponds.
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Additional ground-water supplies may be developed in untested
areas in which hydrologic investigations indicate possible sources
of potable‘water. Most of these areaa will be along the flanks of the
mountains bounding Tularosa Basin. It is possible that potable water
will be found in the alluvial fans on the sides of the San Andres

Mountains throughout its extent in the migsile range. Figure 4 (in

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

pocket) shows well locations, probable quality of ground water, and

possible occurrence of water in the White Sands Missile Range. Figure 5

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

(in pocket) shows locations of wells, outcrop of consolidated sedimentary
rocks, igneous rocks, and contours on the water table in the Bolson
f111l., Test wells should be located in geologically favorable areas
because of the inhomogeneity of -the fan material. Alluvial fan sediments
may be too poorly sorted to yield much water, even in areas geologically

favorable for potable water.
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Figure 4.--Map showing locations »>f wells; chemical quality of wéter,
and areas of possiple occurrence of potable, inferior,
and non-potable water in the White Sands Missile Range
and adjacent areas.

5.--Map showing location of wells, well data, extent of
bolson fill, and contours on tne water table in the
bolson £ill in the White Sands Missile Range and adjacent

areas.
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Hdeadquartars arsa

(Refarsnces: Herrick, 1960, 196%; Hood, 1963)

e neadquarters of Waite Sands Missile éange is principally
in sec. 24, T. 22 S., R. 4 E., in eastern Dona Ana County, about 25
miles east of Las Cruces, N. Mex., and about 40 miles north of El Paso,
Tax. The neadquarters area lics within a reentrant in ths mountains
bordering Tularosa Basin on the west (figs. 4 and 5). The wells
supplying water to the Missile Range heaaquarters are in sec. 13 and
the northern part of sec. 24, 7. 22 S., R. 4 E., at the mouth of the
rezntrant.

The configuration of the bedrock in the reentrant is presented on

two maps (figs. 6 and 7), one showing the thiciness of thz bolson

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

7 (caption on next page) belongs near here.

deposits, the other showing altitude of the bedrock surface above sea

level.
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Figure 6.--Approximate thickness, in feet, of the bolson deposits
in the Headquarters area, White Sands Missile Range,
based on earth resistivity data.
7.—Approximate altitude, in feet, of the bedrock surface in
the Headquarters area, White Sands Missile Range, based

on earth resistivity data.
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The direction of slope and the gradient of the water table within
the reentrant in 1954 and 1964 are shown by means of contour lines on

figures 8 and 9, The contour lines indicate that within that part of

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

9 (caption on next page) belongs near here.

the reentrant between Antelope Hill and the central part of the Organ

Mountains the ground water moves eastward through the bolson deposits,

The depression contour in the east half of section 13 on the 1964 map

shows that pumpage has reversed the water-table gradient in that area.
The depth to water within the reentrant in 1954, as gshown in

figure 10, ranged from a few feet near the mountains to about 400 feet

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

in the vicinity of test well T-1 (22.4.1.444). By 1964 the water
level had declined below the bottom of T-1 at 412 feet below land
surface and was about 410 feet below land surface at well 15 (22.4.13.424%

in the Headquarters well field (fig. 11). The decline of the water

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

level from 1954 to 1964 is shown in figure 12, The decline of the

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

level in the Maln Gate well for the period 1961-63 is shown in figure 13,

Figure 13 (caption on next page) belongs near here.
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Figure 8.-~Approximate configuration of the water table in the
Headquarters area, 1954.
’

9.-——Approximate configuration of the water table in the
Headquarters area, January 1964. '

10.--Approximate depth to water in feet below land surface
in the Headquarters area, 1954,

11l.--Approximate depth to water below land surface in the
Headquarters area, January 1964.

12.--Map showing approximate water-level decline 1954-64 in
Headquarters area well field,

13.-~Hydrograph of observation well (Main Gate well) equipped

with continuous water-stage recorder, White Sands Missile

Range Headquarters area. Dally hydrograph for 1961-63.
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The total volume of saturated materiazls underlying that part of
the resntrant west of the access highway is about 4 million acre-feet.
If an average porcsity of 25 percent is assumed, the total quantity of
ground water within the reentrant area is approximately 1 million acre-
feet. A large part of this water is not available to wells, of course.
The ground water in the bolson deposits east of the access highway is
highly salin-, and overpumping of wells could induce migration of
the saline water toward the wells.

The section in figure 14 shows the general relation between land

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

surface, water table, and bedrock within the reentrant at the Iead-
quarters area in 1963.
Logs of wells and construction data for wells in the Jeadquart=rs

area ars given in tables 7, 8, and 9.
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Figure l4.--Section along line A-A', 1963. (See fig. 9 for line of

section.)
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Table 7.--Logs of wells in the Headquarters grea

/ ayp¥‘

Percentages of sample by volume

Depth of Very coarse and | Medium and Very fine sand,
ngzt; Gravel coarse sand fine sand silt, and clay
22.0 mm. 2,0 - 0.5 mm. 0.5 -.0.125 mm. <0.125 mm.

0- 10 - - - -
10- 20 TL 20 7 2
20~ 30 Lo 37 18 5
-4 | 3 %0 23 6
Lo- 50 L 28 23 5

5?- 60 90 > b)

60- TO ‘ 85 5 5 >
T0- 80 79 1h 5 2
80- 90 27 L5 21 7
$0-100 29 45 23 3
100-110 %0 k2 N "
110-120 T3 14 10 3
120-130 86 9 3 2
130-170 65 17 1k 4
170-180 65 15 13 T
180-190 65 19 10 6
190-200 48 38 11 3
200-210 T3 . 19 1
210-220 67 26 1
220-230 62 30 7 1
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-1 (22.4.1.444) - continued

ddug

Percentages of sample by volume

81

Depth of Very coarse and Medium and Very fine sand,
sampile Gravel cocarse sand fine sand silt, and clay
(feet) —_—

72.0 ‘mm. 2.0 - 0.5 mm. 0.5 -~ 0.125 mm. <0.125 mm.

230-240 63 28 8 ‘ 1

2L0-250 39 3k 19 8

250-260 2 45 20 3

260-270 29 'l L2 22 7

270-280 f 12 2 59 26 3

280-290 | 12 ; 52 33 5

290~ 300 36 i k2 18 4

300- 310 3 | b1 2k 4

310-320 59 | 28 12 1

320-330 Ls 37 13 5

330-3L0 57 27 12 k&

340-350 Ly %6 | 16 4

350~ 360 61 28 10 1

360-3T0 82 , 15 2 1

370-380 L6 3L 18 5

380- 390 48 3k 15 3

390- 400 32 k2 22 y

.400-1410 23 Lo 32 5

L10-418 - - - -

418-430 19 42 32 7



Table 7.--Logs of wells in the Headquarters area - continued

Tast well T-1 (22.4.1.444) - continued

Percentages ¢f sample by volume

38

82

Depth of Very ccarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) —_—

2.0 rm. 2.0 - 0.5 mm. 0.5 - 0.125 mm. £0.125 mn.

1430~ 440 20 45 | 351 b

L40-450 52 41 20 7

450- 460 35 38 22 5

460-L470 2k L3 28 5

470-480 22 %9 31 8

480- 450 55. 38 21 6

490-500 29 43 25 3

500-510 19 42 35 L

510-520 19 L3 30 3

520-5%0 18 42 31 9

530-540 20 b1 32 T

540-550 22 Lo 30 8

550-560 1k 3k 39 13

560-570 18 36 57

570-580 21 37 34 8

580-590 16 35 b1 8

590-600 22 29 % 13

-600-610 20 29 3k 17

610-620 23 32 31 14

620-630 23 %0 3k 13



Table 7,--Logs of wells in the Headquarters area - continued

Test well T-1 (22.4.1.444) -~ continued

yy, 74/?
Percertages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet)
> 2.0 mm. 2.0 - 0.5 rm. 0.5 - 0.125 mm. £0.125 mm.
630-6L0 38 25 2k 13
640-650 35 29 27 9
650-660 b2 25 2L 9
660-670 58 25 12 Y
670-680 65 20 11 L
680-£90 57 39 19 5
£90~-T00 25 25 33 12
700-T710 20 L5 27 8
710-720 30 b1 2k 5
720-T30 20 Lo a5 6
730-740 19 Lo 26 6
T40-750 L1 39 16 L
750-760 39 38 13 5
T60-TT0 37 35 21 7
770-780 53 25 25 9
T80-T90 0 L5 20 5
790-800 oL L5 2k 7
800-810 18 55 2l 3
810-820 2L 31 25 20
820-830 21 3L 27 18
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Table 7.--Logs of wells in the Headquarters area -~ continued

4
Percentages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) _—
>2.0 rm. 2.0 - 0.5 mm. 0.5 = 0.125 mm. £0.125 mm..
8%0- 840 8 Lh %6 | 12
840- 850 13 L 33 10
850- 860 19 Ly 28 9
860- 870 1k l L3 33 10
870- 88 11 { 37 | Lo 12
880- 8901 11 34 ‘ 37 18
890- 900! 1% 36 | %6 15
$00- 910 12 22 ? 33 23
910- 920| 18 32 30 20
920- 930| 13 29 | 36 22
930- 9o, 23 25 21 31
gu0-  §50 25 26 27 22
950- 960 24 27 24 25
960- 970 L1 25 17 17
970- 980 22 27 20 21
980- 990 33 26 22 19
990-1,000 28 28 26 18
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Table 7.--Logs of wells in the Headquarters area ~ continued

Cogdd
Percentages of sample by wolume
Depth of Very coarse ari Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) —_—
>2.0 mm. 2.0 = 0.5 mm. 0.5 -~ 0.125 mm. £ 0.125 mm.

0- 23 50 30 15 >

23~ 33 €5 20 10 p

33~ 43 55 by 10 p)

L3- 53 L5 0 20 5

53- 63 65 20 10 5

63- 73 €5 20 10 5

73- 33 ©0 20 20 10

83- 93 €0 20 20 10
93-103 € 20 10 5
103-113 65 20 10 S+
113-125 65 15 15 S5+
123-133 60 15 A 15 10
1533-143 70 20 10- 5-
143-153 €2 15 16 9
153-163 42 15 25 20
163-173 66 16 11 6
173-183 57 1h 17 12
183-193 62 25 11 2
193-203 62 21 11 6
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Table 7.--Logs of wells in the Headquarters area - continued
Test well T-2 (22.4.13.223) - continued
7 g ug
Percentages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) —_—

>2.0 ma. 2.0 - 0.5 m. 0.5 - 0.125 m. <£0.125 mm.
203-213 6L 22 10 4

213-223 50 23 19 8
223-233 39 36 19 6
233-243 L7 32 18 3
2k3-253 57 13 23 7
253-263 3k 38 22 6
263-268 13 13 55 19
268-273 15 29 29 17
273-278 32 29 28 11
278-283 37 Lo 18 5
283-293 37 53 22 8
293-305 36 59 21 b
303313 52 38 2k 6
313-3513 b3 20 20 7
518-323 5L 2k 30 12
523-323 31 51 32 6
326-338 28 26 3k 12
338-343 36 3k 23 T
343-348 L6 3k 16 L
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-2 (22.4.13.223) - continued

87

T T T TR
1 Percentages of sample by volume
Depth of ;Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) . ’
>2.0 mm. 2.0 - 0.5 mm. 0.5 - 0.125 tm. | £0.125 mm.

348-356 L8 30 18 L
356-261 53 . 32 11 b
%61-366 pal 34 28 — 7
366-375 26 36 30 8
575-385 L6 18 20 16
385-395 52 15 18 15
395-L05 43 27 20 p)
L05-415 76 13 7 b
415-425 Ly 20 23 6
425-435 61 25 11 3
435445 56 21 18 5
L45-455 26 28 35 R
455-465 o2 29 15 L
465-475 25 34 35 6
475-485 64 15 16 5
485- 495 68 19 9 4
495-505 50 e 21 5
505-510 52 25 17 6

. 510-515 60 19 15 &
515-525 L9 21 20 10



Table 7.—Logs of wells in the Headquarters area - continued

Tast well T-2 (22.4.13.223) - continued

Ll
Percentages of sample by volume
Depth of } Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet)
2.0 mm. 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm.

525-535 52 22 17 9
535-545 60 22 12 6
545-550 68 1k 12 6
550-560 | 4T | 23 j 20 10
560-5T0 * 51 ; 21 : 20 9
570-580 ; 63 17 | 1h 6
580-590 57 25 ’ 1k 4
590-600 23 ; 22 L1 1k
600-610 e E 23 17 6
610-620 | 34 %2 25 | 9
620-630 31 28 27 1k
630-640 27 22 33 18
640~-650 16 2k k2 18
650-660 26 Lo 27 7
660-670 37 35 23 5
670-680 36 33 22 9
680-690 | 3b 36 22 8
690-700 21 25 55 11
T00-710 29 Lo 26 5
T10-720 23 25 Bk 8
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-2 (22.4.13.223) - continued

j8 A4S

v

Percentages of canple by volume

Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) !

>2.0m. | 2.0 - 0.5 mm. 0.5 - 0.125 rm. <£0.125 m.

720-730 29 : L2 2k 5

730-750 ; 22 ' 34 55 11

750-T750 } 25 |3 30 10

750-760 . 35 52 26 7

760-770 o7 ‘ 37 1k 2

770-730 1 L2 29 23 6

780-750 w6 1 34 12 2

750-800 42 ’ 33 21 4

300-310 11 ! b1 41 7

310-820 7 ! Lo L7 6

820-83%0 21 ‘ 35 36 3

830-3L0 20 s 35 36 9

8L0-850 23 43 20 5

850-360 6 | 27 5k 13

860-370 - - - -

870-880 P2 23 19 7

880-890 30 36 27 7

850-900 L7 32 17 b

900-510 48 3l 1h I

910-920 L8 28 16 8
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-2 (22,4.13.223) - concluded

Percentages of sample by volume

Very fine sand,

Depth of Very coarse and Medium and

sample Gravel coarse sand fine sand silt, and clay

(feet)  —— -

22.0 mnm. 2.0 - 0.5 mm. 0.5 - 0.125 mm. £0.125 mm.

920- 93| k42 35 18 .5
920- Gko 3 31 17 N
9k0- 950 L9 33 14 4
950- 460 L1 25 26 3
960- 970; 50 33 12 5
$70- 980 56 2k 18 2
980-1,000 65 13 14 8
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-3 (22.4.14,.211)

J2048

Percentages of sample by volume

Depth of Very coarse and Medium and Very fine sand,
sample | Gravel coarse sand fine sand silt, and clay
(feet) ' :

22.0 m. 2.0 - 0.5 mm. 0.5 - 0.125 m. £0.125 mm.
0- 10 32 37 29 2
10- 20 27 53 18 2
20- 30 14 45 5k T
%0- ko 92 2 L 2
Lo- 50 39 5 b 2
50- 60 9% 2 3 2
60- 70 90 > 5 2
70- 80 82 9 6 3
30~ 90 87 7 L 2
90-100 0 3 L 3

100-110 91 b 3 2

110-120 81 9 7 5

120-1%0 | &2 10 5 3

1%0-140 95 3 1 1

140-150 81 11 5

150-160 88 6 4 2

160-170 57 17 19 7

170-180 kg 29 19 b

180-150 48 3 16 5

150-200 50 20 17 3
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Table 7.--Logs of wells in the Headquarters area - continued

Tast well T-3 (22.4.14,211) - continued

92

130 4 ¥
Percentages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) _—
> 2.0 mn. 2.0 - 0.5 mm. 0.5 - 0.125 mm. £0.125 m.
200-210 3k 39 22 5
210-220 28 L3 22 T
220-230 33 41 21 5
230-24%0 L6 36 1k L
240-250 48 31 17 L
250-260 L7 29 19 5
260-270 29 33 E 26 T
270-280 Ls 32 5 20 5
280-290 54 35 27 L
290-300 26 38 28 8
300-310 37 34 22 7
310-320 b1 39 15 5
520-330 36 29 25 10
330-340 33 36 18 6
340350 39 29 19 >
350~ 360 5 15 6
360~ 370 62 19 12 7
370-380 61 17 13 9
380-390 56 20 15 9
390-L00 53 21 18 8



Table 7.--Logs of wells in the Headquarters area — continued

Test well T-3 (22.4.14.211) - continued

/4 o 49

Percentaes cf sample by volume

93

Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) 4 — :

2.0 mm. 2.0 - 0.5 mm. 0.5 - 0.125 mm. £0.125 mm.

400-410 58 23 13 6

410-420 43 26 21 10

420-430 L8 30 15 T

430-440 | w7 2k 19 10

440-L150 59 19 15 7

450- 460 | 53 21 | 15 7

L60-L4T0 | 52 27 16 5

470-530 Ly 29 16 6

480-490 27 34 29 10

4560-500 35 L3 18 b

500-510 36 % 22 6

510-520 41 37 17 5

520-530 ' Ll 35 17 7

520-540 L3 31 21 5

540-550 b1 35 17 T

550-560 35 29 27 S

560-570 L3 28 18 6

570-580 41 35 19 5

580-590 26 3h 32 8

590-600 36 36 2k y



Table 7.--Logs of wells in the Headquarters area - contimied

Test well T-3 (22.4.14,211) - concluded

) 5o 4%

Percentages of sample by volume

Depth of , Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) —

>2.0 mm. 2.0 - 0.5 mm. 0.5 - 0.125 zm, <£0.125 mm.

600-610 36 37 23 L

610-620 39 36 21 4

620-630 a7 35 32 6

630-140 3 54 Lg 9

640-650 19 43 32 6

650-660 17 k2 33 8

660-670 12 L3 35 p)

670-680 13 L3 32 7

680-690 14 56 25 5

690-T00 26 42 24 8

700-T10 16 34 L1 9

710-720 18 46 27 9

720-T730 29 36 0 >

730-T740 17 L6 31 6

TLO-T750 16 45 32 7

750- 760 8 31 51 10

T60-T770 5 L6 L1 8

770-775 7 %o b ‘9
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Table 7.-~Logs of wells in the Headquarters area - continued

Test well T-4 (22.5.16.111)

I & 4S
Percentages of sample by volume .
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) - _
2.0 m., 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm.
0-10 - - - -
10-20 70 11 12 7
. 20-30 88 . 6 L 2
30-40 3L I 14 34 18
L0-50 67 14 15 6
50-60 71 8 13 8
60-70 70 l 9 16 5
70-80 b2 17 2k 17
80-90 29 19 34 18
90-100 34 18 34 .1k
100-110 34 18 29 19
110-120 10 - - -
120-130 10 - - -
130-140 10 - - -
140~150 - 10 - - -
150-160 5 - - o
160-170 5 - - ' -
170-180 5 - - -
180-190 5 - - -
190-200 5 - - -
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-4 (22.5.16.111) - continued

1T 45

Percenteges of sample by volume

Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) - ———

>2.0m. | 2.0 -« 0.5 mm. 0.5 - 0.125 mm. <0.125 m.

200-210 15 - - -

210-220 15 - - -

220-230 10 - - -

230-240 5 - - -

2L0-250 2 - - -

250-260 2 - - -

260-270 2 - - -

270-280 2 - - -

280-290 2 - - -

290-300 2 - - -

300-310 2 - - -

310-320 p) - - -

320-330 7 - - -

330-350 p) - - -

350-360 p) - - -

360-3T0 5 - - -

370-380 27 27 40 6

380-390 20 .25 19 6

390-L00 7 - - -

L00-410 5 - - -




Table 7.--Logs of wells in the Headquarters area - continued

Test well T-4 (22.5.16.111) ~ continued

R x4
Percentages cf sexmple by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) > —
L >2.0m.; 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm.
410-420 ‘: 5 - - -
420-430 5 ;‘ - - .-
azo-ksc | 7 | - - | -
440-1450 5 - - | -
Lso-k60 5 - - ! -
L60-470 5 - : - .
L70-480 1 5 - - -
180-490 |7 - - -
h9o-s00 |7 - - ' -
500-510 ’ 3 - - -
510-520 5 - - -
520-530 | > - - -
530-540 : p) - - -
540-550 [ 7 - - -
550-555 | 10 25 57 8
555-560 11 33 52 X
560-565 { 22 31 b1 6
565-570 20 28 45 T
5T0-575 26 29 - ko 5
575-580 5 - - A -
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Table 7.-~Logs of wells in the Headquarters area - continued

Test well T-4 (22.5.16.111) - continued

)9 g ¥ F
Percentages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sarple Gravel coarse sand fine sand silt, and clay
(feet)
>2.C m. | 2.0 - 0.5 mn. 0.5 - 0.125 mm. <0.125 rm.
580-590 5 i - - -
590-600 3 { - ] .
600-610 | 12 i 21 i 65 2
610-620 ; 7 ; 13 i 75 5
620-630 | 3 - - -
630-6L0 - 3 } - - -
640-650 | 3 . ; - -
650-660 | 28 19 3 L5 8
660-680 2 S - § - -
sa0-600 | S - | - -
650-700 | 5 - 1 - -
700-710 | 5 - E - -
710-720 5 - - -
720-740 | 5 - - -
TLO-T750 5 - - -
750-760 5 - - -
T60-770 3 - - -
770-780 5 - - -
780-790 5 - - -
790-800 19 25 48 8
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Table 7.—Logs of wells in the Headquarters area - continued

Test well T-4 (22.5.16.111) - comcluded

2o 4
Percentages of sample Ly volume
Depth of Very coarse and Medium and Very fine sard,
?;x:zﬁ Gravel coarse sand fine sand silt, and clay
>2.0 m.| 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm.
8oc-810 | 13 16 6L 7
810-820 : 1§ 26 b7 11
820-830 16 a7 | Lo - 8
830-840 16 1:6 57 1
840-850 11 8 | 70 11
850-860 | 17 17 5k 12
860-870 32 ; 18 b1 9
870-880 3l 17 37 12 |
880-800 | 25 20 4S5 10
890-300 27 20 43 10
900-910 16 11 59 1k
910~320 9 9 68 14
920-930 16 1k 56 14
930-540 20 13 59 ' 8
S40-950 22 1k 50 1k
950-960 23 16 46 , 15
960-970 16 12 56 L 16
970-980 10 T 69 14
980-990 6 5 ' [F] N 16
990-1,000 | 11 11 67 11

Note: Predominantly calcareous clay from 110 to 370, 390 to 550, 575 to

600, €20 to 650, and 660 to 790 feet’,



Table 7.--Logs of wells in the Headquarters area - continued

e gr—

- 224

Percenteges of sample by volume

Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(teet)

> 2.0 mm. 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm. -

0-20 93 3 2 2
20-30 89 8 2 1
30-40 67 15 12

40-50 70 13 7 5
50-60 7 13 7 3
60-70‘ 75 10 S 6
70-80 67 13 1k 6
80-90 80 7 9 b
90-100 75 11 11 3

1C0-110 78 ‘lO 8 L

110-120 80 10 6 b

120-130 79 11 6 4

130-140 62 16 18 4

140-150 56 18 20 6

150-160 65 14 13 8

160-170 | 61 17 17 5

170-180 51 21 20 8

180-150 57 16 20 6

190-200 60 21 14 5

200-210 3 112 T

17
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Table 7.--Logs of wells in the Headquarters area - continued

Test wall T-5 (22.5.20.111) - continued

22449

Percentage of sample by volume

Depth of Very coarse and Medium and " Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet)

>2.0m.! 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 m.

210-220 55 20 18 7

220-230 50 21 22 T

230-240 L1 26 27 6

2ko-250 56 28 13 3

250-260 L2 27 25 6

260-270 uT 22 22 9

270-280 3k 21 30 15

280-290 15 29 45 11

290-300 23 27 37 13

300-310 32 29 30 « 9

310-320 26 23 32 19

320-330 12 17 55 16

330-340 1L 18 43 25

340-350 21 18 37 2L

350-360 - 28 19 32 21

360-370 33 20 28 19

370-380 2k 32 31 13

380-390 23 3k 30 13

390-400 - 26 29 30 15 ‘

400-410 28 31 28 13
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-5 (22.5.20.111) ~ continued

23449
l;ercentages of sample by volume
Depth of Very coarse and Medium and Very fine sand,
sample Gravel coarse sand fine sand silt, and clay
(feet) ' — —
>2.0 mm.| 2.0 - 0.5 mm. 0.5 - 9.125 mm. <0.125 mm.

410-420 23 30 32 15
420-430 28 22 32 18
430-4L0 35 31 25 9
L40-450 16 10 32 k2
450-L460 21 23 31 25
4E60-4T0 30 24 30 16
L70-480 2L 22 o) 14
1;80—1*90 29 25 33 13
L90-500 2k i? 36 23
500-510 | 22 a5 38 15
510-520 25 25 35 15
520-530 | 1k 33 ¢ 37 6
530-540 16 35 35 1k
5L0-550 20 35 31 1k
550-560 10 3k L3 13
560-576 29 19 20 15
570-580 | 32 23 e 18
580-590 38 2k 25 13
590-600 | 22 26 33 19
600-610 12 21 38 29
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Table 7.--Logs of wells in the Hegdquarters area - continued

T e -

f- N7 f)'/(/'ir

Percentages of sample by volume

Depth of Very coarse and Medium and Very fine sand,
??22%3 Gravel coarse sand #iii—ifid silt, and clay
>2.0m.| 2.0 - 0.5 mm. 0.5 - 0.125 mn. < 0.125 mm.

610-620 23 26 33 18
620-63C 22 26 39 13
630-640 \ 32 27 27 14
6L0-65C 28 25 ? 22 25
650-66C | 29 ob ; 21 26
660-67C ’ 10 - ; - -
670-680C i 7 - - -
680-690 T - - -
690-700 7 - - -
T00-710 ' 10 - - -
T10-720 : 10 - - -
720-730 7 - - -
730-780 L7 - - -
THO-T50 l 5 - - -
750-760 10 - - -
T60-T7T70 6 - - -
T770-780 . | 7 - - -
780-790 | 25 26 33 16
790-800 18 21 L6 15
800-810 14 21 Sk 11
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Table 7.--Logs of wells in the Headquarters area ~ continued

Test well T-5 (22.5.20.111) - concluded

2S4S

Percentages of sample by volume

Depth of Very coarse and Medium and Very fine sand,
??’25 Gravel coarse sand. fine sand silt, and clay
>2.0mm. | 2.0 - 0.5 mm. 0.5 - 0.125 mm. <0.125 mm.
810-82¢ 19 31 38 12
820-830 | 20 31 36 13
830-840 29 32 27 12
8L0-850 17 i 26 L3 1k
850-860 | 1k 27 E ks 1h
860-870 ‘ 16 | 30 | Ll 10
870-880 l, 17 27 Ly 12
830-890 ; 21 32 36 11
390-900 r 1k 28 43 15
90C-910 | 8 13 68 11
910-920 3 9 76 12
®0-930 9 18 58 15
930-940 10 18 57 15
9k0-950 20 25 42 14
950-966 15 25 L5 15
960-970 10 17 53 20
- 970-980 16 28 L2 1k
980-1,000 | 16 19 36 29

Note: Predominantly red clay from 660 to 780 feet.
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-6 (22.4.14.133)

26548
Material ﬁgg‘;ss ?2?: )
. Sand, fine to very coarse, granitic debris 15 15
Sand, fine to very coarse, and bit-cut fragments of
larger rocks 10 25
Sand, fine to very coarse 5 30
Sand, fine to very coarse, and bit-cut fragments
larger rocks 5 35
Sand, fine to very coarse, some silt, and bit-cut
frazments of larger rocks 5 40
Sand, fins to very coarse 10 SOT
Sand, vsry fine- to very coarse, and silt 5 55
Sand, fine to very coarse, and soms bit-cut fragments
of larger rocks 5 60
Sand, fine to very coarse, some red clay or silt,
and bic-cut fragments of larger rocks 20 80
Sand, fine to very coarse 5 85
Sand, fine to very coarse, and some bit-cut fragments
of larger rocks 5 90
saﬁd, fine to vary coarse, some red clay or silt, and
bit~cut fragments of larger rocks 5 95
Sand, fine to very coarse 5 100
Sana, fine to vefy coarse, and some bite-cut fragments
of larger rocks . 5 110

Sand, fine to very coarse, ssveral pebbles, and some

bit- cut fragments of largsr rocks 5 115



Table 7.--Logs of wells in the Headquarters area — continued

Test well T-6 (22.4.14.133 - continued

. 275745
Material ﬁi;gi)ss I(Jfgzgl_

Sand, fine to very coarse, andbit-cut fragments of

larger rocks 10 125
Sand, fins to very coarse 15 140
Sand, fins to very coarse, and bit-cut fragments of

larger rocks 10 150
Sand, fine to very coarse 5 155
Sand, fine to very coarse, and small bit-cut flakes

of larger rocks 10 165
Sand, fine to very coarse 5 - 170
Sand, fine to very coarse and bilte-cut fragments of ’

larger rocks. Grain size malnly coarse 5 175
Sand, coarse, with small amounts of fine- to vary

coarse sand 15 190
Sand, mainly coarse, and bit-cut fragments af larger rocks 10 200
Sand, fine to very coarse, and bit-cut fragments of

larger rocks 5 205
Sand, fine to very coarse, some small pebbles and bit-cut

fragments of larger rocks 25 230
Sand, fine to very coarse, and bit-cut fragments of

larger racks 5 235
Send, medium to coarse 5 240

'

Sand, very fine to coarse 35 275
Sand, very fine to coarss and somé bit-cut fragments of

larger rocks 5 280
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Table 7.--Logs of wells in the Headquarters area - continued

Test well T-6 (22.4.14.133) - continued

2y <8
mterial T e
Send, very fine to very coarse 5 285
Sand, very fine to very coarss, and some biteeut
fragments of larger rocks 5 290
Sand, very fine to coarse 10 300
Sand, very fine to coarse, and some bitecut fragments
of larger rocks 5 _ 305
Sand, very fine to coarse, bit-cut fragments of larger
rocks, and small bits of steel from drill bit 5 310
Sand, fine to medium, and bics of steel 5 315
Sand, fine to medium, small pebble, and bits of steel 5 320
Sand, fine to coarse, and bits of steel 5 325
Sand, fine to coarse, and bit-cut fragments of largsr
rocks 10 335
Sand, fine to coarse, bit-cut fragments of largsr
rocks, and bits of steel 5 340
Sand, fine to coarse, bitecut fragments of larger
rocks, and a little brown clay 5 345
Sand, fine to coarse, and bits of steel 5 350
Sand, fine %to coarse, bit-cut fragments of larger
rocks, and bits of steel | 10 360
Sand, fine to coarse, much tite~cut rock, and bits
of steel 5 365
Sand, fins to coarse, bit-cut rock, and bits of steel 5 370
Sand, fine to coarse, much bit-cut rock, and bits of steel 10 380

Sand, mainly very coarse, and muck bit-cut fragments of
of larger rocks 35 415



Table 7.--Logs of wells in the Headquarters area - continued

Test well T-6 (22.4.14.133) - concluded

29449
. Thicknass  Depth
PELSTLEL (fzet) (feet)
Sand, medium, and much bit-cut roack 5 420
Sand, mainly very coarse, and much bit-cut rock 25 445
Sand, mainly very ccarse, and much bit-cut rock.
Samples have a uniform dark gray-btrown color. Many
larg vit-cut chips from 490 to 500 feet 55 500
Igneous rock, mainly bit-cut chips of brown, flae;
many chips have distinct comchoidal fracture 15 515

Total depth

Note: During course of drilling it was observed that much very fine sand
and epparently some clay was carried away in the drilling mud. Almost

all sand grains are angular to subangular because the parent rock is nearby.
Grain sizes from 325 to 372 probably were reduced from original size by
slow grinding from a worn and broken bit. Rock chips, noted as "bit-cut"
are the result of the reduction of boulders snd other large particles in

the fan debris; these larger particles increesed in number with depth to
the vieinity of the bedrock top at ebout 490 feet, thus the increase in

[¢]

the amount of bite-cut material. A part of the erosional debris apparently
was partly cemented, as shown by the relatively clean hole prior to setting

cesing.
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Table 7.-~Logs of wells in the Headquarters area =~ continued

Production well 1 (22.5.32.131)

Fo of 48
Thickness | Depth
Material (feet) (feet)
Soil =-m=m-m emmmmmmmmmmmmmmemmacee—memeeee s ———————— 4 R
Sand and rock -ecesmcecccmmccc e ca e e mecccancn——- 5 9
Gravel, sand, and dirt ==----=cceecmmcccmmcmmmmmcemana 227 236
Gravel, cexrrying vatef ------------------------------- 21 257
Table 7.-;Logs of wells in the Headquarters area - continued
Production.well 2 (25.5.31.244)
B | Thicknesa] Deptn
| Haterial (feet) | (feet)
SOLL =cmemmmmmmmmmemmmmmmmmmmmmmnmmmenemmae I 5 | 3
Sand and .roCk =---=-m=m=emmemmcmccccmemeeamea———————— 5. 8
Sand, gravel, apd Qirt ------s--=--ce-ocesoccmmmoemos ‘o3 k0
Gravel, carrylng water ---ececccccccmccm e cceee V >SO 290
Red shale ~-=---- e m e e e e e e — e, ———— e ————— 4 204




Table 7.--Logs of wells in the Headquarters area - continued

Production well 4 (22.5.32.311)

31 A4S
Thickness | Depth
Material
(feet) | (feet
Loose gravel =-e-c-emcccc e - 7 T
Shell =c-ccccmec e e e r e c e e e - 5 12
Gravel and Clay =---=-=-c-ccmccemcme e aene 215 227
Water s8Nd ==------meccccmccmccccccecccdccam e ——— hi 271
Red ShBle ==-mememcccc e e cecea———— ;-- 11 282
Gravel ==e-m-ecmccccemce e e cecmmececceee———— 5 287
Gray s8hAle =mm-ce-caeccecceccce e e ————— 18 305
Red 8hale ~~ee-e-eceemmccmc e e ————— 21 326
Gray sh@le -~=-we-meeecccce e L 330
Red ShAle ~-=vmemrececcecccccce e ccc e ccc e ce e —— 6 336
Gravel, sand, clay, and boulders =---=----a-=-cemcea=-- 81 L1t
Red 8hale ==e---m-mmmcmeee-m—mmm———m—e—————————————— 23 430
Sandy shale =-=-~=m-==-m- mmmmmmmmmmeememee e e—ea——————— 17 Ll
Red Qhale T 5 Ls2
J
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 3 (22.5.32.313)

32 & g
Thickness | Depth
Material -
' (feet) | (feet)
Red gravei VBN =osemmam oo oo cmm e e ee o anas - 25 25
Gravel and brown Clay ====---=---cemacosom e 210 . 235
Water éand and gravel =-c-ccc-mcmcccmmcnacrnc e - 12 2&7‘
Red ShAle ==mmm-mmmmmmcmmmmccemmmammcmem e mmemam——= 20 267
Table 7.--Logs of wells in the Headquarters area - continued
Production well 5 (22.5.32,313)
Thickness | Depth
Material ;
(feet) | (feet)
Red clay and gravel ==--=--c-m--cee--oemcocccmomenonooo 158 158
Gray shale weecee-cermcrc e e e e ce e 22 180
BrowIl ShAle ===---memmcmmemcmcmmce—mececcmmemm———————— 45 225
Gravel and clay (water ylelding) ==----=-cmmemcccmaea- 8 233
Red Shale ==--===mm-=mmemomcommcoccommc e mmem e me e 7 240
2R B et e 5 245 .
Red Shle ===re-mmmmmmommmmem—=-———————=————-———m————— 18 263
Blue 8hAle —=-m=-mcemccc e c e 25 288
Brown shale ==r--c-ccccmmvcm e e a e e e 11 299
Brown sandy shale ~--ece-ecceccccccccccmm e 5 304
Red sandy shale (water ylelding) ~=-=r--mececcecaenaa- 20 324
Red hAle =cmmmmmmmmmmmmme—m=cemmmommmemmmmmommaemea 8 332
Red sandy shale ==--=====m=-=-===m-==oomomoooooooosons 6 338
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 7 (22.5.32.323)

33 F £8
Thickness | Depth
Material
(feet) | (feet)
Gravel and red Qlay —=-—=cmececmcccccccccccmec e e ———— 54 54
Gravel, clay, end boulders =~=ecemcwcemeccecacoccecncnns 21 5
Gravel and red Clay ==---=eemmecccccccececcmceccac———— 8u 159
Gray shale -=--=--=-eeeecccemmecceeccemceccaee——e———— 29 188
Gravel and reéd Clay ==-==-=<cmccrmemcmccmemea e mm———— T 195
Gray shale —=-=c-ccmmmmm e e e 5 200
Red Shale ====-e-cmacecmcmomcm e ccccccocmmecmaacaaaa 21 221
Blue BhAle ===-=cmc-mmmociomacemccscememcacccoaceea- 4 225
Gravel and red clay (water-bearing) ~----=-=--=--ooau- 3 228
Red shale =-=v=-eee-cerecrc e e e et e 23 251
Gray sand (water-bearing) ---------~=-c=-coccconoonaan 14 265
Sandy shale ==-=c-ceccmmm e e . 25 290
Brown shale =e==--m=--mcecmmcecee e 14 304
'
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Table 7.--Logs of wells in the Headquarters area -~ continued

Production well 8 (22.5.32.332)

34 g4T

“Thickness | Depth

Material (feet) (feet)
Sand and clay =-=e-ee=sccsmececmeececec e e en——- 31 31
Sand end brown clay e m—————— 19 50
Gravel and brown clay ====me==-mm-cmmcmmcecceece—a—aaa €0 110
Gravel and S8nd ==-=-=-=e-essece e e e ———ee 20 130
Gravel and brown 8and -------=e-eeee--mecemceeeee—;———- Lo 170
Red shale ——-----—--------~--; ------------------------ 20 190
White shale «=eeccccmcccc e e c e mmmm e 10 206
Brown gravel ===--memeccceememcce e emmccaecacaceceaa 8 208
Red rock and shale ~=-e-erocccccmmacecr e cccececmen 17 225
Red sand ===-=-cememe e e e e 5 230
Gravel and water ====--ea-memmeecmi e eccecen—aa 8 238
Blue shAle ===mmemm oo e mm e e emmce e 18 256

7
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 9 (22.5.31.424)

IS 49
“Thickness | Depth .
Material

(feet) | (feet)
Gravel ==-em-m-cececce e e e eeeadecmececceeaceoaea 78 78
Clay and red gravel =--e-eeccecccccecccmccecacacaceaca 181 259
Gravel (water-yielding) =------c-e-ececmmcmaccmmacaan 1k 273
Gravel end clay ---=cc-cccccccrcc e rccec e n. 19 292
Gravel =----w- e eme e de e e e e 3 295
Gravel and clay ~=~--=-=emcecemeeccocccmeema e em———— 11 306
Gravel (water-ylelding) ====--=--mccccccommmaaaa. S 5 311
15127 W I - R S S SR S dmmmmmm—— 4 315
Gravel and clay e 13 328
Gray shale ==-v-cee-ecmc e ce e o e e e e e nee T 335
Blue shalé ------------------------------------------- 13 348
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 11 (22.4.13,333)

Ferf L8

Thickness | Depth

Material (feet) | (Peet)
Top soll and caliche e mmmmcemmmmmmee - 17 17
Caliche, sand, gravel, and boulders ------------ca----e 23 %0
Gravel, sand, and layers of clay ------==-cemeccecea-- 140 180
Clay, gravel, and fine sand ---=---cecmcccccamcccecanan —83 263
Send, clay, and gravel - lots of sand ==-=--=e-e--w--- 25 288
Coarse sand and gravel (wWater) -—-=-cemc-ccececececaaa- 20 308
Boulder =--emeseccc et e e e 1 309
Sand and coarse gravel --=----mm-ecmccceccccccccm————— 111 k20
BOUlder ===sm=-mceceeemcecmeeemec ;e ;e ccc—e————— 1 k21
Sand and Gravel =----=em--mmemceecmceccmecceccac———— 25 LL6
BOULJEr ===-m=-=cme-meeecccemece;ececeeeee—ccee——————— 2 Lu8
Sand and gravel =m-===se-eeecmecmccmcceceeeccea—e——- 32 L8o
HAYd IOCK =memmmemcm oo e e L L8k
Sand and gravel ----~e--eccenmea- Rttt 39 523

115



Table 7.--Logs of wells in the Headquarters area - continued

Production well 12 (22.4.23,214)

37745
Thickness | Depth
Material
(feet) | (feet)
Surface formation - gravel and adobe clays mmmmnim 17 17
Boulder bed in sand and adobe ~=-ce-cemecccmncc e 3 20
Adobe clay and dry gravel conglomerate --==--c-cac-e-- 29 Lg
Heavy boulders ~=---eececcmarcncccnmcmrcccnnemcnnnana—— 5 5k
Beds of sand, gravel, and some conglomerate,
not very hard - some SOft places =--------===ceemane 136 150
Sand, gravel and clay cemented into a
hard conglomerate ==e==-=----mece-mmccmccceeac——a—na . 88 278
. Hard packed sandy formetion - slow drilling -~----=-=- 52 330
Loose fine sand (water-bearing) =---=m--e=ceccecaccea= 12 342
loose coarse water sand (some clay streaks) -—----==-=- 18 360
Hard dense sand (very slow drilling) --=-----mec-====- 67 Lo7
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Table 7.--Logs of wells in the Headquarters area -

continued

Production well 13 (22.4.13.311)

IFqLT
Thickness | Depth
Material (feet) | (feet)
Top soll and send e emm e —mm————— 23 23
Coarse sand with some clay =~==v---e-rcccccomcccccnae 2k L7
Rocks and boulders --=-==-ew=-cvee-~ mmmem e cccm—————~ I 51
Coarse sand and gravel with some layers of clay =------ 105 156
Cemented sandland boulders ---=-==--=-=ceccecacccacaaa 13 168
Coarse sand and gravel ==—-----=-c-ce-ccemccccrcacne——— 68 236
Coarse sand - hard drilling =======----cec-me-cccacaao 19 255
Medium coarse sand ~-=--=----=mecmcccmcme e caee 119 37k
Coarse sand - water =e-----mcmcmccmcmmc e 15 389
Hard sand, boulders -=-----=--eccomccmamam e 21 410
Herd sandy clay -----; -------------------------------- 62 L72
Coarse sand - water --—-=--eceomceccemcn e ceeaae 55 527
‘Hard cemented sand ----=-e-meecemceccccecccce e a———e 7 534
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 14 (22.4.13.411)

394745
~Thickness | Depth

Material (feet) | (feet)
Sand, very fine to fine, silt, and clay -===ccecceaae- 4o 40
Gravel and medium SBNA =mmmme==s--esees-s-e-es-—c————— 50 90
Gravel, medium sand, and boulders =-=s-e-c--c-ncconnaa 30 120
Gravel, medium =--ecemmcmcc e 20 ko
Gravel, COBISE ==m=c-mmcemcmmc e ceccccccccccecc—————— 20 160
Gravel, medium to coerse, and fine to medium sand ---- 30 190
Sand, fine to medium, and gravel ~----c-ccccocccacaaa- 20 210
Sand, fine to medium, silt, and clay --=---cc-ceeeeea- 10 220
Sand, medium, fine gravel, silt, and clay ~-=-~--wcee- 10 230
Sand and fine gravel =-=-c-mecccccccmcmm e ceeeeeee 10 240
Clay, some fine to medium sand -------=-==-==--cocaua- 40 280
Sand, cOATSE ~—=-m-mmcc e 10 290
Clay, some filne sand =--c--e-ccmccamcccc e crcceaa 100 390
Send, fine to medium, silt, and clay ~-=----c-cecmcaan 30 k20
Sand, fine to medium, gravel, silt, and clay ~e==----- 50 470
Sand, medium to coarse, gravel, silt, and clay ------- 20 490

118




k/’

Table 7.--Logs of wells in the Headquarters area - continued

Production well 14 (22.4.13.411) « concluded

*%‘-a T4
Thickness Depth
Material

(feet) | (feet)
Sand, medium to coarse, and fine gravel -~-----c-w-- ——— 10 500
Sand, fine to medium, silt, and clay --------cececcaaa lo‘ 510
Sand, medium tO COArSE =w=m-=mmece-cececmccccmccac———— Lo 550
Clay, somefredium to coarse sand ------===------=co-ooe 10 560
Sand, medium t0 COBrSE =====-mmmcmecmcame e cna———— 60 620
Sand and gravel --------mee-mccmmmmc e ecma—aea 10 650
Sand, medium tO COArse -=-=m=-mcmmmmcacmccc e ceacc——— 20 650
Sand, fine, 8ilt, and clay -=-==--cce-ccmecaccecaccna- 20 670
Clay and little sand -=--==cecmecccmccvcnrccccceccaaa. 20 690
Sand, coarse gravel, silt, and clay ---==ece-ccccaaca- 30 720
Clay, some sand and gravel --=-----ecocecemcaceacacaa- 100 820
Clay and fine sand ==e-mmecccmccccce e cm—ae 20 8Lo
Sand, fine to medium, silt, and some clay streaks ---- T0 910
Sand, fine to medium, little gravel ----c-ccccccncacaa 20 330
Sand, fine to medium, silt, and clay ----=-----coce--- 75 1,005
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 15 (22.4.13.424)

£l AEE
» Thickness inepth :
Material (feet) | (feet)
Clay and very fine to fipe sand «~--ec-cccccancccccaa- 10 10
Sand, fine to medium, and scme gravel «-w-ec-cccaaaa- 10 20
Gravel, medium to coarse, and some sand --~----=—c=--= 10 30
Coarse Eravel =-----=memmememccccecceccecececmeeec————— 10 Lo
Send, medium to coarse, and fine gravel ~-~e-e=ec-c-w-- 20 60
Gravel, medium tc coarse, silt, and clay ---=----==-- - 20 80
Sand, medium to coarse, and fine gravel ------=---c-== 84 164
Boulder ==-=--=emmcmmeccm e cmeeme—e—ee 1 165
Gravei, medium to coarse ----e~mcccccccmm e 25 190
S8and, medium to coarse, and gravel P 10 200
Coarse gravel; scme sand and clay =----==cw-ecccmcnw-- 10 210
Sand, fine to medium, silt, and €la&y ===-=--e-mcemma=- 30 2ko
Sand, medium to coarse, clay, some gravel --------v--= 10 250
Clay, silt, and fine sand ---=-cscccmccumccnnnnnncccn T0 320
Sand, fine to medium, and ClRY -=-=--=-ececcemceecaceana 60 380
Sand, fine to medlum, clay and some gravel —---ecc-c=- 10 390
Gravel, medium to coarse, fine sand, and little clay - 20 410
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Table 7.--Logs of wells in the Headquarters area -~ continued

Production well 15 (22.4.13.424) - continued

\42 45
Thickness | Depth
Materiel (feet) (feet)

Cley and fine to medium Sand =e=--=-=m-=o=e-oca-cacea- 80 490
Sand, medium to coarse, gravel, and Clay =--m---===m-- 10 500
Clay and fine to medium Sand ==w--eecccamcccccccmeaee 10 510
Sand, medium to coarse, gravel and clay ----==-~e-ce-- 20 530
Sand, medium, silt, and clay ==-=<ce-cocmmmcmcamaaaaoa 10 540
Sand, ‘medium, gravel and clay ---=em-ememcacmeccaaaaa- 30 570
Sand, fine to medium, silt and clay -------=---cceea-- 20 590
Sand, medium to coarse, and gravel =------c-eoceacaoo- 10 600
Sand, fine to medium, silt, and clay -==~---== ~coeea- | 20 620
Sand, medium to coarse, and gravel -----e-ceceococeea- 10 630
Send, medium, and some gravel ------me---eeeeecaonaoan 10 640
Clay and fine to medlum sand ---=e--cccccmmccccocccaa. 30 670
Send, medium to coarse, and some gravel =----c-c-ecoe-o 10 680
Sand, fine, silt, and clay ~-w—mecmcmccemn e 20 TOO
Clay ==-=e=ccmamae——e. e e ettt 10 T10
Clay and fine to medium Sand ~=---==m==c=a--ce-as ————- 10 T20
Clay ==---=cccccccmccccrccncccc s cac e cn s e o 10 T30
Clay and fine to medium sand --=---e-ccmccccccmcacaaa- 60 790
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Table 7.--Logs of wells in the Headquarters area — continued

Production well 15 (22.4.13.424) - conecluded

-~ L3749
Thickness| Depth
Material
(feet)| (feet)
(0 e 10 800
Gravel, fine to medium, and sand -=-----=---ce--coem-e 20 820
Clay and gravel -----eececcecccceccmccecmccecccm - 20 840
Clay, seand, and some gravel =-e-e--ccmmeeeccccccecona- 30 870 .
Send, fine to medium, and some gravel -=-ee--ccceeeoa- 10 880
Clay and sand =-=--=-=e--cmeccee e e | 10 890
Sand, fine to medium, clay, and some gravel ---------- 30 920
Send, medium, and clay --=-==--e--eeeeccemcccceemceceea—a 4o 960
Cley and sand, medium -------------------------------- 10 | g70
Sand, medium, and clay ====--m-==---mm—mceeem— oo 10 980
Sand, medium, clay, and some gravel --------e--aae--a- .10 990
Sand, fine to medium, and clay B bbb e 20' 1,010

]
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 16 (22.4.13.432)

123

gt 45
Thickness | Depth
Haterial (feet) | (feet)
Sand, fine to medium ===eemeccremmrcr e e e cc e 20 20
Sand, fine to coarse --e-cecccmccmmicmccr e mccaeccaaa 10 30
Sand, medium to Very COArSE =~=wemeececcceccocccccaea- 10 4o
Send, very cearse ------------------------------------ 10 | 50
Sand, coarse to VEery COBIrSe -=-w-wmcmcemccccccnmcaaan~ 20 T0
Sand, very coarse, and very fine gravel --------=----- 10 807
Gravel, very fine, and coarse to very coarse sand ---- 10 30 ‘
Gravel, very fine to fine, and coarse to very . ‘
coArse Sand -==----=smsssmmssmsess-——emesoooeoeoo - 10 100
Sand, coérse to very coerse, and very fine gravel ---- 10 110
Sand, coarse tO Very COAYSe -—==-we-cmumcccecceeeca-—- 60 i3.70
Sand, coarse to very coarse, end very fine gravel ---- 10 180
Saend, medium to very coarse ------=e-c-mececcamcnneao- 10 210
Sand, coarse to very coarse, and very fine gravel ---- ko 250
‘Sand, coarse to VEry COArSe =--==-==m=c-m-mcmcceecceee- 10 260



Table 7.--Logs of wells in the Headquarters area - continued

Production well 16 (22.4,13.432) - continued

VL AR
Thickness | Depth
Material
(feet) | (feet)
Sand, coarse to very coarse, and very fine gravel ---- 10 270
Sand, medium to very Coarse ---cc-cececdiacmcccaana- 30 300
Sand, coarse to very coarse =-----=----sco-co-oo-con-- 10 310
Send, medium tC Very CO8rSe =me-wmemccacccccccmcacanao 70 380
Sand, coaerse toO very Coarse =--=sece~ccacerccmcececsnaa 10 390
Sand, coarse tc very coarse, and very fine gravel ---- 60 Lso
Sand, medium to very coarse, and very fine gravel ---- 30 480
Sand, medium to very COBYSe -==-me-ememcemeccccccmccmnna 10 490
Sand, medium to very coarse, silt and clay ------vc-=-- 10 500
Sand, iedium to ¥ery coarse, and very fine gravel ---- 20 520
Sand, medium to very COArse -~e-mecemeceecccoccccaea- 80 600
Send, fine to very coarse =-----eccccmeccccmcceeaa- 4 640
Sand, coarse and very COArsSe ===wwmescecemccccacccecan 10 650
Sand, fine to coarse ~—weecmmcmmccmc e raaeeaa 10 660
Sand, fine to very coarse -w-w-eeemceccccmcccocncceaaa 10 670
Sand, very fine to coarse, silt and clay -~~=-==-----o- 10 680
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Table 7.--Logs of wells in the Headquarters area - continued

Production well 16 (22.4.13.432) -~ continued

il

Tﬁickness Depth

Material (feet) | (feet)
Sand, fine to very coarse ~--esceccccccncccnacnconncna- 20 T00
Sand, fine to coarse ==—=sc-ecccccccomna e cacna e 10 710
Sand, very fine to coarse ~----=-cmccccacccccccancnca-" | 10 720
Sand, very fine to coarse, silt and clay -==---=---==- : 10 730
Sand, very fine tc.medium, silt and clay ==-=--===-===-- 20 750

Sand, very fine to coarse, silt and clay -=-=--===-=---- 20 770
Sand, very fine to very coarse, silt and clay ---=---= Lo 810}
Sand, medium to very coarse, and very fine gravel ----| 10 820
Saend, very fine to very coarse ~~-=---mcwecceccccnnna- 10 830
Sand, very fine to very coarse, silt and cley -------- 20 850
Silt, clay, and very fine to fine sand ------===e----- 10 860
Silt, clay, very fine and coarse sand -------=-=------ 10 870
Sand, very fine to coarse, silt and clay ==-=-=c-eewa- 10 880

+%

2125




Table 7.--Logs of wells in the Headquarters area - concluded

Production well 16 (22.4.13.432) - concluded

.

- g .
s S

Thickness| Depth
Material

(feet)| (feet)
Sand, very fine to very coarse, sllt and clay -------- 20 900
Sénd, very fine to coarse, silt and clay =----c=-e-==- 10 910
Sand, very fine to very coarse, silt and clay -=--=---- 20 930
Sand, medium to vVery COBrse =---m-ceceecmcemccccea—eao 16 940
Sand, very fine to Very Colrgse =-----------cocoooo-ooo 10 950
Send, fine to very coarse ~=----me---ecemccecmcecoacan 10 960
Sand, fine to CoArse ===-mm-mmcmcccceeccccceeccceceaa 20 o8¢
Sand, fine to coarse, silt and clay -==---cec-ccceaca- 10 990
Sand, fine to coarse =-~---~=-cccecccrcceceme e e 10 1,000
Sand, silt and clay ===cecccccccrrr e e e 10 1,010
Sand ---sccmemcccmecccacnaeaa- b 10 1,020




Table 7.--Logs of wells in the Headquarters area - concluded

Production well 17 (22.4,13.234)

Ay S

Thickn=ss Depth

Material (feet) (feet)
Surface Sang ==-=-===-ceccescccmcceaa——- cmmmmme——ce—————- S i
Hard sand, laye.c of rock and Zravel ew--eceeccemcca—ao -- 57 61
Sandy clay and layers of gravel -=--ececcccocccccnancaca-a 151 212
Hard sand, graval anc laysrs of rock =e------ R - 59 271
Sand and gravel eees-ccecmccecce s ccc e cm - 50 501
Sand, clay and streaks Of gravil =m-m-mmemceccce-cece-——- 60 361
Sand and Clay =-==--e=mmmccemccocceee e mmceesecsece—ce—aa- 58 419
Sand and lay:rs Of clay=-==e==--eeecccmcececmmccmeeccccmeaa 3 482
Sard and laycrs Of £OCK ==mmemceccmcccccecccccmancecee e 60 542
Sand, sandy clay and cla)y ==ee=m=-mcececcccccceeccccee———— 90 632
Sand and clay with a few streaks of gravel =-=-=-- wommmmem Tk | 700
Sand and :lay ==m==mccecec e cceemeceeeecececcemeecee———— 30 736
Sand, gravel and layers oOf Clay ==----semccccececccccaoca 135 871
Sand, gravel and clay ====--omcceeccccccaccccccccac e e ———- - 29 900

-
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Recharge

he source of all the ground water in the Hdeadquarters ars=a is
przcipitation wichin the reentrant and in the nearby mouatains, an
area of about 40 square miles. The average annual precipitation in
the entire area of the reentrant west of the access highway probably
is about 13 inches. According to Herrick (1960) the average annual
natural recharge to :the bolson deposits within the Headquarters

reentrant probably is in the order of 2,000 acre-ract.
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Discharge

Within the Headquarters area the only appreciable dischargs of
ground water from th2 bolson depcsits is by transpiration and,
artifically, by pumping. Most of the ground water is discharged
outside the area.

The toval amount of ground water pumped in the Headgquarters area
in 195k was about 300 million gallons, or about 1,000 acre-feet, equal
to approximately >0 percent of the estimated average recharge of 2,0C0
acre-fzet. However, water levels in the area are declining and wili
continue to decline  (see figs. 10, 11, and 12). The pumpage from

the Heaaguarters well field is shown by th= graph on figure 15.

Figure 15 (caption on next page) belongs near here.
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Figure 15.--Pumpage in the Headquarters area well field, million

of gallons, 1953-63.

136



Quality cof water

All sue wells su; plylng .ater to Iz nhousing and cantonment ar=as

of the Headguartzsrs arzsn .roducs weiter of exceptionally good chemical

a

quality. (3ee table 4 an figur: 3,) The wells within the reentrant
produce watsr containing an avasrage conc:intration of about 240 ppm of
dissolved solids. Although the desper water obtainad from wells Lb
and 15 during drilling containad mors dissolved solids than the shallow
water,. the deeper water is of a chemical quality well within potable
-limits.

Fastward from thas cantonment arsa the ground water concains
increasing amounts of discsolvad solids; the deep=r water having the
gner concantrations. In June 1953 shallow water from test well Tei4,
2 miles =ast of the access highway, contained only 52§ ppm of dissolved
solids, but & water sample obtained from a depth between 956 and l,QO5
feet in the same well contained 7,48C ppm of dissolvad solids, mostly
sodium chlocide. Ths =zlectric log of test well T-4 indicates that the

ground water at that sit: is saline below a depth of approximately T60

L™}

‘2et. The shallow water farther sast in the cantral part of Tularosa
Bacin is 2ighly saline, unfit for watsring stock, and probably similar
in gquality to water from the Gregg site wells.

East of the headquarters area the fresh water mixes with saline
water moving to the south and southwest through the main part of Tularosa
Besin. Immediately east or ths reentrant the fresh water aprarently
ave-rides the salins water (fig. 14).

The data indicats tizat souta and north of the Headquarters arsa
fresa water probaoly is confineu to a relatively narrow balt closs to

the vase of ths mountains.
137



o

Possibilities of encroachment of saline water

The bolson deposits in the vicinity of the wells consist of
clay, silt, sand, and some gravel. In general, the deposits in .that
part of the re-entrant are fairly well stratified. The vertical
movement of ground water within the zone of saturation is consid-
erably more restricted than lateral movement. The interface be- |
tween fresh and saline ground water is sharply defined in the
places where data were obtained, indicating that vertical mixing
is slight under natural conditions. '

Saline ground water may not extend beneath the wells north of
the cantonment area. Saline water has not been sampled from wells

west of the access highway, but samples of water from wells 15 and 16

. should be analyzed chemically at about 6-month intervals as a pre-

cautionary measure. Even if saline water should evenfually reach
the wells, it would be in small quantities compared to the amount of
fresh water with which it would be diluted during‘pumping. The dis-
solved solids content of the water presently produced by the wells
is so low that considerable saline contamination could be tolerated

without the water becoming nonpotable.
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A few miles 2ast of zhe reentrant, near T=-4, where the shallow
grouﬁd wat-r is reportzd to be highly saline, the water table is
about tie same level as the present lowest nonpumping water levels
in wells in the eastern part of the well field (fig. 9). It is apparent
from figure ¢ that a low mound of water is present between T-4 and the
well fi-1d 2nd that the pumping levels in the well field must be lowered
further before saline water will move toward the well field. Such
mcvement would be slow, probably less than a few hundred feet per year.
Water quality in test wells basinward of the pumped area is monitored

by periodic sampling; precise rate of water movement is one of the

objectives of the well field evaluation study now under way.
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Transmissibility ot bolson deposits

The coefficient of tran:missibility of the bolson deposits has
been computed from data obtained from several pumping tests. Analysis
of a pumping test of well 9 in the old well field indicated a coefficient
of transmissibility of only 800 gpd per foot. This test was of short
duration, and it was not possible to make other tests in that area.
Examination of pump-test data and availeble drillers’' logs of wells
in that area indicates that the average transmissibility of the bolson
deposits is much lower in the old well field than it is in the present
well field nocth of ths cantonment area. Coefficients of transmissibility
obtained from pumping tests made in the present well field ranged from
2,500 at well 11 to 60,000 gpd per foot at well 10. The computed average
coefficient of transmissibility in the vieinity of wells in the present
well field is about 15,000 gpd per foot, zalthough the average throughout

the reentrant may be less than that.
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Effects of pumping

Declines of water levels have been as much as 89 feet from 195W
to 1964 (fig. 12). If pumping is aistributed uniformly among the
wells declines of the water levels will be spread throughout the.
well field and the danger of an excessive decline at any one well
will be reduced to a minimum. An accurate record of water-level
fluctuations in all the wells should be maintained and measurements
should be made at least once every 2 mcnths. This information is
needed To accurately evaluate the effects of pumping and thereby plan

most efficient use of the ground-water resources.
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Small Missile Range area

(Reference: Hood, 1963)

The principal work area in the Small Missile Range is
gec. 15, T. 21 8., R. 5 E. The potable water supply for the area
in 1961 came from a shallow well (21.5.11.411) that had been
yielding water since 1952. The original yield of the well was
15 gpm. However, by 1961, the yield was only 10 gpm and was
inadequate for the needs of the area. Attempts to rehabilitate
the well were unsuccessful.

Well 21.5.15.411 is shallow ;nd the wvater from it is potable.
Reportedly the aquifer is fine sand. However, a deep well at this
location probably would yield water inferior to that from the shallow
zone. Investigations were made upslope towards the mountains to the
west in sections 16 and 17, where the probability of obtaining potable
water from coarse sand and gravel is greater. (See figs. 3 and 4.)

The locations for test drilling were about a mile east of a
fault scarp that extends northeastward through the
NE cor. sec. 21, T. 21 S., R. 5 E. West of the fault & pediment
slope extends into a reentrant in the mountain front through which
arroyos carry runoff to the flats. The pediment is cut on granite
and is covered by only & few feet of overburden. BEast of the fault,
which has g vertical displacement of more than 1,000 feet, the bolson
fill is thick. Two wells, SMR 1 (21.5.17.244) and SMR 2 (21.5.17.424)
were drilled. SMR 1 was completed as a production well. The well
yields 75 to 100 gpm. However, this is not the maximum capacity of the

well.

142



Drilling of well SMK~-l1 began June 2 and was completed Jupe 25,
1960. The first water was found at 285-90 feet. The hole wﬁs drilled
to 600 feet but was cased with 6-inch casing only to h?é feet below
land surface. A total of one hundred twenty-eight feet of the casing:
was slotted opposite selected zones. The slots were cut approximastely
one-eighth inch wide and 4 inches long, staggered in rows, 12 slots
per foot.

W21l SMR-1 was squipp=d as a production well with a submersible

pump in the Spring of 1962. Yield of the well ranges from 75 to 90 gpm.
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Drilling of well SME=-2 began at the end of June 1960, and was
finished at the end of Secptember. Tae first water was found at 305
feet below land surface. Total depth was 765 feet.

The well was cased wita 8-inch casing to about 608 feet below
land surface and 6-inch casing from 598 to 747 feet. These casings
were perforated from 295 to 38& feet, and from 608 to TLi5 feet.

The annular space between the 8-inch(ca§ing and the wall of the
hole was filled with gravel by pouring the gravel into the space at
the surface and then bailing the well to settle the gravel. The well

initially required about 9 cubic yards of gravel.
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The saturated bolson £ill at the test sites is more than 450 feet
thick. The top of the saturated zone is about 3,890 feet above mean
sea level at test well SMR-1 and about 3,894 feet at SMR-2. The source
of vater in the Small Missile Range area is west of the well sites.
Ground water moves east-southeastward from the well sites toward the
flats of the Tularosa Basin and then moves gouthward. Recharge to the
Small Misslle Range area comes partly from absorption of precipitation
and subsequent underground transmission from the reentrant above the
test well area, and partly from sbsorption of precipitation and arroyo
flow in the vicinlty of the test wells.

The gquantity of recharge can be estimated from the slope of the
water surface, the coefficient of transmissibility of the bolson fill,
and the width of the area concerned. The water levels in the area had
not been disturbed prior to test drilling so the flow of water
through the area shouLd represent the‘amount of water entering the .
aquifer. The slope Irom SMR-1 to the production well at the Small
Missile Range work areca is 51 feet in 1.29 miles, or about L4C feet:

per mile. The coefficient of transmissibility was about 20,00C gpd

per foot, as determined by the aquifer test at SMR-2. For a mile
width of the aquifer the rate of flow = 20,000 x 40 = 800,000 gal-

lons per day per mile, or about 900 acre-feet per year per mile,
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The coeffici-nt of trensmissibili*y at sest w2ll SME-1 is about
7,900 gpd per foot for a .=tii-atsd saction approximately 200 feet
thick. Th= ccefficient of transmissibility at test well SMR-2 is
about 20,000 gpc per foot for a szaturated section about 450 feet
thick. These figurss are approximately comparable when related to
thicknesses. The specific capacity for SMR-2 after pumping about
12 nours at 116 to 180 gpm was nearly 12 gpm per foot of drawdown.
The specific capacity for SMR-l was computed to bz about 5.9 gpm
per foot.

W=2ll logs of SMR~-1 and 2 are given in table 10.
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Taole 10.--Log of wells in the Small Missile Range.

" Production well SMR-L (21.5.17.204) ~ (formerly Test well SMR-1)

.. Material ° . o “-.‘ m e
A O e (fcueetes) Pevth
Soil, mll of sand a_nd gravel. Fr nts < - Sy | - o
2

Gravel, pebbles, and some’\;ery coarse ;and ' ; ) 5 | . 10
Sand, fine- to very coarse-grained, and gravel .5 15 E
Sand, coarse- to very coarse-grained, gravel “
and,small pebbles : 7 o éh ‘ 20 -
Sand, very fine~ to very cocarse-grained, grével, _ |
and smell pevbles . | 5 et
Sapd, very fine- io very coa.rse-—gra:.ned, and ; e
small gravel. Pebbles at 55-and 55 feet "301": ) 55

Sand, very fine- to very coarse-grained, v'ery

- i Lo
PRI o ) A

sm&u.gravelandsometanclay : A - S (¢

Sand,. fine- to very coarse-sramed, and small ~ .7t ¢ e

gravel pa.rtly bit-cut ' fa . o N 15 L8
" Sand, fine- to very coarse-grained, gravel, - 'f‘: A Py
A e e I"‘*w"""

and small pebblea e : w200 Y 105

.,

Sand » fine~ to very coarse-grained , small gravel ; {"f ‘
and a large pebble or tvo ‘ RO N &

VSand, fine- to very coarse-grained, and sma.ll
bitscut gravel o I . , 10 ’ 125

Cley, silty brown, very fine- to very coarse- .

5

grained sand and some smell &gl 4 ~,~.? L 5 P 130



Table 10.--Log of wells in the Small Missile Range - continued

.Production well SMR-1 - continued

© . Material . . ' Thickness  Depth
: ' (feet) “(feet)
Sand, very fine- to very coa.rse-grained, . : V .
silty brown clay and some small gra’.rel‘; . J_Q:! 1{,,0 )
Clay, silty, Yel.lmv‘-brown, v&ry fine- to = - R - . *t‘
 very coarse-grained. sand, and small bit- | s | ‘
cut gravel . S L 5. 5

Sand, fine~ to very coarse-grained, small

“bit-cut gravel, and yellow=-brown clay : 5 . 156G

-

‘Clay, silty yellow-brown, and very fine- to
very coarse-greined sand o -5 | 155
Send, coarse-grained, gravel, and small o
pebbles - . o L 5 ‘l' 160
Sa.ﬁi y fine- to verpr coarse-grained, gravel |
and small pebbles : 5 165
Sandf (r{ery fine- to very coarse-grained, some
sm;il‘pebblea , &nd silty clay : » ( _' - 5 ‘ 170 ;

Cla;v, silty, yellov-bmwn, very fine- to Very

: coarse—grained. sand, and a few pebbles - 5 ) - 175 ‘
' ] Clay, silty yellow—brovn, very fine- .to very x | ) EAE
” co'ars.é-gra;ned , and fev small gravel o , : _ 5 - 180 |
-~ Sand, cogr;ef to very‘coarse-grained,“and o .
| bit-cut gravel. Some silt o ' >15 . 195
élay, silty, yellov;-hrorwn, very fine- to 4 |

‘very coarse-grained sand, and bit-cut

gravel .:: '»:;; : S 1c ,265;




Table 10.--Log of wells in the Small Missile Range - continued

Production well SMR-1 - continued

Material B ‘ - "Thickness  Depth

‘ : (feet) (Leet)

Sand, very fine- to very coarse-grained, small - R »-
gravel, and some clay o © 5 . 210
Sand, fine- to very coarse-grained and scme clay 10 o 220‘

Sand; very fine- to very coarse-grained, small

gravel, and some clay le 230
Clay, yellow-brown, some gand s and very smell

bit-cut gravel ’ 10 2ko0
Clay, sandy yellow-brown ‘ 5 245
'Clay, sa.nd:} yellow-brown, and very fine- to
- fery coaerse-grained sanci 10 as55
Sami, very fine- to very coarse-grainéd and A

scme cley : | 5 260
Sand, fine- to very coarse-grained, and .gravelr 5 265

Sand, fine to very coerse-grained, gravel and

\ small pebbles - 5 . 276
Clay, sandy tan , S 0 280
Sanﬂ,medium»’co very cous&&ﬂned, peﬁbiee , | 3

and ten clay - | s s
Clay, susiy tan R

Send, medium- to coarse-grained, bit-cut
pebbles, and tan clay - ) 5 295-

Sand, fine-grained to fine-grained gravel, and

bit-cut ‘pebbles ‘ 5 300
149 ‘



Table 10.--Log of wells in the Small Missile Range ~ continued

Production well SMR-1 - continued

Material : Thickness -Depth
(feet) (feet)
Silt, tam, - amd fine- to coarse-grained sand . 5 305
~Sand, coarse-grained - 5 310
Sand, coarse-grained, gravel, and sma.l pebbles 20 330
Gravel and pebbles 5 335

Sand, coarse-grained, gravel, small pebbles,

and tan clay . 10 345
Sand, coarse-grained, gravel, and pebbles ’5 350
Send, medlum-gra ned to med.um bit-cut gravel 10 360

Sand, medium-grained to medium bit-cut gravel,
and tan silt 10 i 370
Clay, silty tan, and fine- to medium-grained sand = 10 380.

Sand, fine- to medium-grained, and silty tan

clay. About 50% each ' 10 390
Clay, silty tan 5 (3%
Sand, medium- to coarse-grained, and tan silt 5 " koo

Sand, medium=- to coarse-grained, tan silt, and

some smell gravel ) 3 - 20 T hao' .
Clay, silty tan, and medium- to very coarse- R RN s
grained sand L 5 hos

Clay, silty tan, medium- to very coarse-gm‘i‘.ped' ’ '

" sand, end small pebbles ,‘ e | 5 - k30

Clay, silty tan, and mediume to very coarse-ér’éi'ne&l . . |
sand S s W



Table 10.--Log of wells in the Small Missile Range - continued

Production well SMR-1 -~ concluded

. Matertal o - -7 ot v i Mmiiwness  Depth
a : (feet) (feet-)
Clay, sandy tan, and bit-cut gravel ‘ ;g:’;.;' , ts L 4o - ‘,
Clay, sandy tan, bit-cut gravel, and large pebble& '5. '1&1&5,
Gravel, bit-cut, small pebbles, and sandy brown clay 15 L 460
Clay, s;nay brovn, sand, and bit-cut gravél | 10 k 470
Clay, sandy brown, sand, bit-cut gravel, and o ‘
small pebbles | E 15 h85
-Claey, sé.né.y brmri:;, gand, bit-cut gravel, and . .
large pebbles ' & ' l5 490
Clay, sandy/4én, and fine-grained gravel 5 495 ..
Clay, sandy tan . s s
Clay, sandy bréwn, sand and bit-cut gravel 10 510 -;,
Sand, bitecut gravel, and ia.rge pebbles » '_ ~ 5~ 515 -
Clay, brown, bit-cut gravel, and large pebbles o 5 4 520
) Clay, bfown, sand, and small gravel (bit-tut. g ‘
at 54O feet) . .3 550
Ciay, sandy brovn - s :s~55~_,f-'
Clay, sandy brcvn, »and some coarse-grained sand _: i 20 E . | 575 :
Clay, sandy brown, come-grained sénd,’ s
some small gravel AU R - 20 ;“ 595?'-'
Clay, sandy‘bmn,"coars&gfai‘ned sa;xé.s, sma.ll |
gravel,. and large pebbles ST '7_‘; - 5 600 -
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Table lO.--Log of wells in the Small Missile Range - continued

“

'Material , | Thickness

S11t, reddish-brown. Complete grain-size
range through pebblesy Much sub-angular
debris ) ' o 15 - 15

Silt, reddish-brown, sand and gravel, with

more silt and clay _n lower part of section ) 15 30
Gravel, small sub-angular silt and clay L 5 . 35

Gravel, small sub-angitldr, very coarse-grained

~a

. mend and. tan clay _ o | o 5 . hO
Gravel, small sub-angular, pebbles, very coa.-rse; : “ v ”
grained sand, and tan clay -5 | hl5 :
Pebbles, bit4cut, gravel, gnd very coarsg: : b
.grained sand 3

Pebbles, bit-cut, gravel, very coarse-grained
sa.nd, and tan clay '
Sand s very coarse-grained., small gravel ’ and ';'"_";?

tan clay - - Lo S T

4. . L e T

ﬁSe.nd , fine- to very coarse-grained N

t ; .
- g -

gravel

’

Smd, fine- to vez-y coe.rse-grained,’

& .

grsvel, pebblu am; tan silt

1,535



Table 10.--Log of wells in the Small Missile Range -~ continued

Test well SMR-2 (21.5.17.424) - continued

‘ﬁepth

Material = ' Thickness
(feet) (feet)

Sand, fine- to very coarse-grained agd small -

gravel | j ‘ 5 90
Sand, fine- to very coarse-graired, ; 1 gravel, )

small pebbles, and tan silt A 20 110
Send, fine- to very coarse-grained, small

gravel, and tan silt 10 120
Send, fine- to very coarse-grained, smail

gravel, and small pebbles 5 125
Sand, fine- to very cosrse-grained, small

gravel and tan silt. Sample 135-140 feet

missing 25 150
Sand, very coarse-grained, small gravél and

a pebble 10 160
Silt, tan, very coarse-grained sand, small

gravel and pebbles 10 170
Gravel, small, with some silt and fine-grained

sand 10 180
Gravel, small, sfa11 pebbles, and some silt

and fine-grained sand 5 185
Gravel, small, silt, fine-grained sand, and

brown clay 5 190
§ilt, brown, and fine- to very coarse-grained sand 5 l§5
Send, coarse- to,%?ry coarse-grained; and .

.5 200

" browvn silt 153



Table 10.--Log of wells in the Small Missile Range ~ continued

Test well SMR-2 (21.5.17.424) — continued

terial Thicknees Depth
e (feet) (feet)

Sand, coarse- to very coarse-grain cemented, -

end brown silt 4 | . 5 205 i
Silt, tan to brownm, very.coarse-grained sand,

and pebbles 5 210
Sand, fine- to very coarse-grained, small

gravel and silt ( 10 220
Sand, finpe=- to very coarse-grained, small

gravel,'sil; and very small pebbles 5 225
Sa;d, fine- t; very coarse-grained, small

gravel, silt, and lgrge pebbles 5 230
Sand, very coarse-grained, gravel, gnd

small pebbles 5 235

Send, very coarse-grained, gravel, small

pebbles, and much tan silt ' .10 245
s

Silit, tan, very fine-grained sand,small pebbles 5 250

Silt, tan, and very4c5;rse-grai£;d sand 15 265.

Si1t, tan, very coarse-grained sand, and

small pekbles | | 5 210
S11t, tan, and very coarse-grained sand iO éBQ
Saemples missing : R | 15 ‘,295
Silt, tan, and very coarse-graired sand o 5 3?0
Clay, yellow-brown, in lumps ’ | 5 N 365

Sand, medium- to coarse-grained small gravel, -
pebbles, and small amount of clay 5 310

Clay, sandy yellow-brown;gié§$§§3§ 154 ' 5 315



Table 10.--Log of wells in the Small Missile Range - continued

Teat well SMR-2 (21.5.17.424) - continued

Meteriel Thickness Depth
(teet) (feet)

Clay, with much included small gravel, and

a pebble | 10 325
Clay, very sendy brown ,. and small gravel 5 330
Clay, very sandé,r:b;'own, in lumps, end a

pebble T 5 335
Cla&, sandy brown, and medium~ to coarse-

grained sand _ 5 340 .
Clay, sandy brown, in lumps, and fine-grained

gravel : 5 345
Send, silty, medium- to coarse-grained, and

small gravel 5 350
€lay, yellow-brown, and madit;m- to coarse-

grained sand ) , 9 - 35%
Cley, sandy, light-brown, stiff 5 360
'Clay, .sandy, light—brown, stiff, and fine-grained »

grevel | ‘ - L - 37:‘0‘“
Clay, sandy) ligh#—-brﬁwn, in lumés - E S ]

Sand, medium- to coerse-grained, fine-grained

gravel, and a lump of sendy brown clay - 10 385
Clay, sandy brown ) : o T .5 3%
Clay, end coarée—grainqd sand . o "5 - 395 V

Clay, sandy light-brown, in lumps, and some
Pebbles . L . . ': ' : 5 - ll»OO
_ 135



Table 10.--Log of wells in the Small Missile Range - continued

Test well SMR-2 (21.5.17.424) - continued

-

Py ]

Material ' S " Thickness Depth

4 ) : (feet) (feet)
Clay and fine- to cogrse-zgrgined sand ) L 5 . hos
Clay, sardy ligrrb-bmvn,‘f in lumps ' , Co "5 SLE
Clay, yellow-brown. Almost no coarser material 5 415 -

Clay, light~brcvn,° coarse-grained send and .

small gravel - : : 15 'hio
.Sand, medium- to coarse-grained and some yellow

clay - : 5 | 435
Clay, light broyn, and ycoarse-arained sand. |

Clay fiymer tltza{z._‘above. A few pebbles 15 450
Clay, light b@, some ccarse~graiﬁed sax;d,

and fine gravel 5 h55

Clay, yellow-brown 5 460
Clay, yellow ' 5 465

Clay, brown, and very fine- to coarse-grained

sand ' . ‘ 5 - h70
Clay, yellow-brown, and very fine- to coarse- )

grained sand : ) 15 - 485
Clay, yellow-brcwn; very ﬁﬁe— to very coearse~-

@nﬁ sand, small gravel, and small pebbles 10 195
Clay, yellow-brown, fine-grained sand to |

fine-grained gravel ‘ 5 | 500 .

Clay, brown and fine~grained gravel 10 510

-t

15
o

‘e



Table 10.--Log of wells in the Small Missile Range - continued

Tast well SMR-2 (21.5.17.424) - continued

S
©
~ f

Material . Thickness Depth
. “ (feet) - - (feet)
Sand, very fine- to véry cémergfﬁiﬁe&,"-s@ “, - M -
| gravel, and tan cley h R A : 10 RN
Cléy, br;wn, and very fine—gra1£ed éand to . ”,; ‘f' j\l;9g
fine-grained gravel ' S .10 - , 53& -
Clay, sandy brown o A 5 555:'
Clay, sendy brown, and very ccarse-grained sand 5 ) 5140(;::'
Gravel, finE-grained:, and sandy brown clay 5 : 51451)

Sand, medium~ to very coarse-grained, fine-

grained gravel, and brown clay S 30 '575
Clay, sandy brovn = | 15 - 590
Sand, fine- to very éoarse-gréined, snd sandy ' o '

browvn cley - I 5 595 -
Clay, sandy brown N ' 5 o 600 -
_Send, medium- to very coarse-grained, and ‘ :

sandy brown clay o L , 5 605 A
Clay, sandy brown | B ‘ 5 - 610 f"'f'\

Sand, medium- to very coarse-grained, smail
gravel, and brown clay o ; S 5 o 615
Clay, sandy brown, medium- 1;,0 very co;n'se— - |
érained' sand, and small gravel ' 10 | 625
.Sand, very-fine- to very coarse-grained, small

gravel , and silty brown clay 10 635
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Table 10.--Log of wells in the Small Missile Range - concluded

Test well SMR-2 (21.5.17.424) - continued

Material’ D -  midkness . Depth -
: S . (faet) ‘A(feet')

-

Clay, brownm, sandl, end small gravel- - ‘ : o

“- ome pebble . o . B - 655‘}2
' Clay; sendy brown. Caliche fragments at - S ‘ ' A

N 71Q’ feet : - | | . 60 - TS
Clay, sendy redchsh.—brom | - S | o s 730.
dlay, brown, and very fine- ’;.o coaz':se- T
grained sand .K"‘ - ' x : ;5' ‘ ‘ . T35 .
Clay, éandy'browq ‘ L 10 ~ 7'1&5;“"‘
‘Clay, brown, snd very fine- to cégﬁge- - _ o
‘grained sand R e . 750
Ciaﬁr, sandy brqwn ,Amedium:- 2'1.':-0 very coarse- ) S
grained send, and fine-grained gravel - s l‘i"’j - 755 -
‘Cla(y., sandy brown* and very coarse-grained. sam;l‘;: 5 | T T60-
Sendstone, well—cémented, arkosic. Driller cme;i -

trf/s bedrock because of the hardness of the rock-

" and the slowness of” dril.ling S LS

- 3



The water obtainad from wells SME-1 and SMR-2 is very hard, but
the concentration of dissolved sclids is about 300 ppm and individual

censtitusnts ar= low in conc.atration.
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Hazarcdous Test Area

(Reference®  Hocd, 1963)

o

n July 1960, “he Geological Jurviy was requested to investigate
sue poscibiliity of owtaluing 10 Lo 1) gpm of water in thne norvaern
part of the Hezardcus Test Area. The water was intended to supply
domestic nceds for a planned small installation in the

2 "

TWESWETE sec. Sh, I, 21 S., X. 4 E. Only the area north and

L

¥ l'—'

nortavest of the point of use was studied, because of its favorable
Topograrhic position..

During July ane August 1969, brief reconnaissance in tine Zlazardous
Test Lrea revealcd only two wells that might supply the required amount
of water. Other vells and the springs in the area were Lnoperative,
dry, or yielaea less than tie requirced amount of water. 3Several old
mine shafts in the area which might supply tie reguired gmount of
water were not invesitigated because the water from mines generally

is polluted.
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Grcoind water in the arza

The few control points indicate that the ovarburden in the area
does no- contain wat:r. Water in wells and other exca.ations is from
igneous rock. Tie water table in the Jazardous Test Area slopes
stzeply southz=astward in tre same direction as the land surface;
Although che deptna to water is not uniform throughout tie area, no
well has a water laval greater than about 120 feet below land surface.
Mcst:, if not all, of the water 'is stored in the nea:-surface zones of

3

shatterad and weathered rocik. The amount of water stored in the aea
prooaoly is small, because the granite contains water only in jcints and
c:inier fractures. The o.ervurden and the fractures in ths granitz have

a larz2 intake capacicy, and water, when available, encers the system
readily. Maximum yield of wells p:robably would not sxceed 25 gpm. The
-yialds of reavily=pumped wells in the Haza.,dous Tes. A.=2a p:obably would
diminisn sutstantially during drought, a time when water gsnerally is
most nseded, because the storags capacity of the aquifer is low and

the rachage is irregular.

161



Wells investigated

Construction dgta were collected and performance tests made on
wells 21.-.11.311 and 21.%.22.222, Both wells ar:z usad from time to
time to supply watar for wildlife in the area; bota wells are equipped
with windmills. Supplementary data from Alamo Springs (S21.5.7.431),
obtained during a visit prior to the Hazardous Tast Area study, also
was used in svaluating ths watsr resources of the area.

Well 21.%.11.311, on the east side of the Drop Test Tower site,

was equippzd both with a windmill and a gasoline engine. The well

N

'y

ad 6-inch casing and was 198 feet deep. Depths to water in th= well

r

ware as follows:

Date Depths to water below lend surface
(feet)

£=12-53 110.9

T-12-50 70.6

T=1+=60 70.7

The well was tested July 1&, 1960 by pumping approximately 3 hours,
at the end of which time the water level had declined to the bottom of
th2 pump intake. Pumping for 3 hours at 3 gpm producesd 68 fzet of
drawdown or about 0.0k gpm per foot of drawdown. The well was not
considered furtner because the yield was inadequate for th: intended

purpose.
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Well 21.4.22.222 is west of the test houses in the Nike Warhead Test
Area and near the north end of Mineral Hill. In August 1961, the well was
equipped only with a windmill. The well contained about 10 feet of 8-inch
surface casing; below the pipe to a depth of 80 féet the granite in the
wall of the well was stable and required no support. ‘

The well was test pumped at a rate of 3 gpm for 5% hours August 5, 1960,

and the drawdown. was 2.4 feet (fig. 16). The results of the test indicated

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

that the well might meet the requirements of 10-15 gpm, and further work

was planned. In addition to a longer, better-controlled pumping test,’

it was proposed that the well be deepened, because more of the fracture

system in the granite might be penetrated and the yield of the well incressed.
Prior to deepening, the well was tested by bailing at a rate

of about 32 gpm and measuring the rate of recovery. Figure 17 shows

Figure 17 (caption on next page) belongs near here.

recovery measurements after the bailing test. The residual drawdown
was 0.45 foot 20 minutes after the very short period of bailing.

The deepening of well 21.4.22.222 began October 8, 1960, and ended .
October 12. The log of the well (table 11) indicated the rock penetrated
was granite from 80 tc 125 feet and a dark, fine-grained, igneous rock .
from 125 to 130 feet. The ieepening of the weil caused no change in the

water level in the well.
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Figure 16.--Preformance test of well 21.4.22,222, Hazardous Test
Area, White Sands Missile Range, N. Mex., Aug. 5, 1960.
17.--Recovery of water level after bailing well 21.4,22.222,
Hazardous Test Area, White Sands Missile Range, N. Mex.,

Oct. 6, 1960,
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Table 1ll.--Log of well 21.4.22.222, Hazardous Test Area

(Stock well deepened from 8C to 130 feet, October 1960)

— Bomsss g priliing v
Bottom of existing well - 80 -
"Granite", mainly quartz and

feldspar with a low percentage

of ferromagnesian minerals 10 90 210
"Granite", as above. Drill.

cuttings finer "5 95 95
"Granite", quartz and feldspar,

with increased ferrocmagnesian

mineral content. Cuttings

coarser 15 110 300
"Granite", as from 35 to 110

feet. Cuttings very fine-

grained 5 115 120
"Granite", as from 110 to 115 10 125 110
Igneous rock, dark gray. Texture

very fine-gralnec tut rock is

holocrystalline. Approximately -

50% ferromagnesian minerals 5 130 50
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The well was test pumped for 12 hours October 13, 1960.

Measurements during the test are shown in figure 18. The depths to

Figure 18 (caption on next page) belongs near here.

water shown in the figure have been corrected so as to be comparable
with depths to water shown in figures 16 and 17.

Data in figure 18 show that well 21.4.22.222 can produce
approximately 10 gpm for periods of at least 12 hours, or about
7,200 gallons, without a large drawdown. The well, however, cannot
yield much more than 10 gpm without large drawdown and probable
temporary exhaustion of the supply after a few hours of pumping.
Twelve hours pumping at an average rate of about 12 gpm produced a
drawdown of 12,2 feet, a specific capacity of 0.9 gpm per foot of
drawdovn. This figure for specific capacity is comparable with
that obtained from the test on August 5, 1960 and shows that deepening

the well did not increase the productive capacity of the well.
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.Figure 18.--Water levels during drawdown and recovery and rate of

discharge during performance test of well 21.4.22,222,
Hazardous Test Area, White Sands Missile Range, N. Mex.,

Oct. 13-14, 1960,
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The residual drawdown, approximately 17 hours after pumping
stopped, was about 1.6 feet, a significant part of the total draw-
down. The residual drawdown still was relatively large several
days after the test. The storage area contributing water to the
well is limited, and continuous day-to-day pumping of well 21.4.22,222

might seriously deplete the water in storage during dry periods.
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Chemical quality of water

Tvwo samples of water were obtained from.well 21.%.22.222,
one semple before and one after deepening the well, The
analyses of water from well 21.+.22.22Z2 show tkhat deepening the well
did not change significantly the chemical character of the water.
Trhe water is chemically suitable for drinking but contains about
5 ppm fluoride and about 20 pom nitrate. The water should not be
consumed by perscns whose teetnh still are developing. The waters
probavly should be examined for bacteriological purity because the
b,

nitrate content ic so hiz

i~
=
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Gregg site
(Reference: Hood, 1963)
The Gregg site optical laboratory is in the NW4SE) sec. 8,
T. 22 S., R. 6E.
Twe wells were drillied at Gregg site, a test well and later a
production well. The test well was drilled during August 9-12, 1961,
to a depth of 1,010 feet. The well log is given in table 12. .A water
sample was obtained through the drill stem from the interval é81—500 feet.
The test well was cased with 8-inch casing to a depth of 500 feet
and performance tested. The specific capacity was about 11.5 gpm per
foot of drawdown and the pumping rate was about 175 gpm. A water sample
was collected at the end of the pumping period.
4 production well was drilled about 4 feet south of the test
well and was completed to a depth of 478 feet. The hole was 27-3/4%
inches in diameter and was cased with li-inch casing perforated in
the same zones as used in the test well. The annular space between

the casing and the wall of the hole was gravele-packed.
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Table iZ.--Log of Gregg test weil (22.6.8.414)

z,‘; v ‘/(lh._ 14', ;‘M . ' o NS -
‘ Materials A
s C W . c. A ¢-’;
Szmpl:zs nissing TE e
) e k"“q.‘w; S .

Send, tam, silty, very fme ‘to. coarne, g T
- aniome canche e T SR -

Sand, tan, silty, very rlne SR Gt :
"Si.lt and ver; nna smd, '

Sand, tan, silty, very fine, vith sm
calichz and a few very mll graverl

lSand, tan, silty, very tine, vith some CESL 200
- caliche, very smsll gravel, amd -, - IR
Clay, broun, ' sandy, and small ‘ N B 250
perbicles of caliche -, - / et e
‘Cle;r “brown, sandy, partly plastic, with - , 30 . 268
" greenish reduction spots, and- tev very o LN e
_ mmall gravel UL A
ACJ.ay, brown sandy, pertly plastic, thh -, 10
greenieh reduction spots : e D .

270

Sand, very fine to medium, and brovn-réd' 10 - 280
cm . ! , ‘- o o A‘:;.< b .
“cw, red-brovn, very aandy, and n%g- .20 S 310
mts of caliche IR ) 4’“ PR p

- of ca.liche anﬁ lumps of clz.y LT

T S

I'*sg.nd. very fine to mdiun, with fra@nnta . 50 ‘ 369
chy: troun-red, very sandy - ST M T 0

Sand, very fine to medimn, mich tan to - 4o 54@3','.'“‘,*;2‘;‘&30
Ty red clay, a.nd. small grains of. caltche PR

N~y i . N LY



Table 12.--Log of Gregg test well (22.6.8.414) - Continued

Thickness Depth

Materials (feat) (feat)
Clay, brown, sandy 10 440

Sand, very fine to medium or very sandy 40 480
clay, with fragments of caliche and ‘ :
pieces of red to brown clay. Very:
sandy 470-80 ft.

—r -

* ¢lay, brown, plastic, slightly sandy 3@ '~ ' 320G

+ with greenish reduction spots

Clay, brown sandy | = ‘10 520

Clay, brown to tan, with fragments and 20 . 540

lumps of red and greenish-grsy clay;
some very fipe~grained sand and a

fragment of limestoue gravel o ,_ : ,.
".cm,'asf from 520-to 540, but sandier; s 10 550
N mggent ofsmllgravel A e K
Clay, sa from 520 to 540 S w56
wcm,.‘.s from 540 to 560 IR 10 . l';-f 570
g :

Note: Most, if not all, rock types noted proha.hly are
. {n strata 6 inches thick, or more. Drill bit
moves downward sporadically, r.‘..rst‘ slcwly, _
= very fast. The repid drilling is in the scft
T st ~ clay, and the slow rate in the occassional beda
of hard caliche. ‘

Com

- s

‘-c.}.ﬁy, red to brown, comgact, some greemish - 20 ., 590

~ ‘L,

olay and considerable aemount of vexy = . .qm,\.'
Clay, very soff., and fregments of canpa.ct - 610 ‘

red clay. Rapid drilling rate

cﬂy, soft, and same very fine gravel 10 ) 620

Clay, soft, slightly sandy - - - W 6%
:lay, .soft,' and very fine gravel o 10 : 640
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Table 12.--Log of Gregg test well (22.6.8.414) - concluded

‘Depcﬁ
Lo {feet)

Materials,

Cley, tan, with small lmrps and flakes of - 10 ‘ 650 :
~ greenish and dark drowvn compact clay, - e

j and considembla amznt of. very f.tne -t ST .
. m- . s ) s ' - ,;,;» . R .‘
cm, ta.n, very. sandy - ‘:' SR 20 ' [ ¢

670
c..a.y, rgd, very compact, and scme caucha i T 10 ~680{
. '71;0 .

Clay, tan, soft, sandy, with scme lumps. of 60 -
. compact red clay and chips of sandy R
- calix.he ' ' s

'< 31&¥: t&n; sandy, very soft ) S0 m L
900

c.e.y, tan, sandy, very soft, and m}.l ‘ 110 ‘
hadd-fregments of caliche (7). R .
Little cha.nge , ‘ e e

Cloyy tam) very sy, sort . 10 loswl)
,u"Cla.J, tnn, sandy, soft and some green . 10 920

o cLay fragments ’ ' o

Clay, tao slightly sandy, sort, wtn T i-m e
. g'eenish red.uction spo’ta - w0 _ ST
Clay, red, canpact, with greenish re- 60 1,010

‘duction spots. Some clays are almost P s \ _“;‘;:'
dryinappearance . L T

» hd . . \v . N
L . B

o
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The static water level in the Gregg test well was about 213 feet below
land surface. The water-surface altitude was 3,807 fzet. The water
surface at Gregg Site is lower than at test well T-5 (22.5.20.111),
altitude 3,880 feet, and cest well T-- (22.5.16.111), altitude 3,828
feet, waich ars to .ne west uvetween the H:adquarters area and Gregg
Site. The difference c.tw2en thes altitude of the water at Gregg Site
and at test wells T-4 anu [-5 =stablishes a continuous slops of the

5
1

water table from the Headquarters well field to the main part of the
Tulerosa Basin near Gregg Sits. No reliable data ars availabls east

of Gregg Site, but the water table in the vicinity of Gregg Site probably
is the lowest in the basin at the latitude of the Waite Sands Headguarters.

A performance test was made on the producticn well at Gregg Site

October 30 from 9:50 a.m. to 8:50 p.m. TIne rzsuliss of the sevzaral

v

maasursments ar:s spown in figures 19, 20, and 21.

Figure 19 (caption on next page) belongs near here.
20 (caption on next page) belongs near here.

21 (caption on next page) belongs near here.
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Figure 19.--Drawdown and residual drawdown in Gregg well (22.6.8.414),

White Sands Missile Range, N. Mex., during performance
test on Oct. 30, 1961,

20.-~Rate of discharge and sand content of water pumped from
Gregg well (22.6.8.414), White Sands Missile Pange,
N. Mex., during performance test on Oct, 30, 1961.

21.--Coefficient of transmissibility of the bolson fill in
the vicinity of Gregg well, White Sands Missile Range,
N. Mex. using residual drawdown after pumping test on

Oct. 30, 1961,
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The specific capacity of the production well was 12.4 gpm per foot
at the end of the pumping period, while the well was being pumped at a
rate of about T4O gpm. The coefficient of transmissibility (fig. 21)
is 19,600 gpd (gallons per day) per foot. These data indicate that the
well can sustain pumping rates of several hundred gallons per minute for
prolonged periods of time. The figure for transmissibility shows that
the formation can transmit large amounts of water to the well when the
water level is lowered by pumping. At a pumping rate of 600 gpm, the
well could be pumped for prolonged periods with a pump setting of about
300 feet. .

The well produced sand throughout the performence test. The amount

produced was generally less than 5 ml per liter. Even in these quantities,

however, it would be best to pump the well to waste for a short period
each time the pump is started, to avoid filling the storagé reservolr
or plugging the distribution system.

Ground water from the Gregg Site area is unsuitable for most uses.
The analyses of samples of water from the test well and the production
well show that water as shallow as 300 feet, or about 90 feet below the
wvater table, contains about 8,900 ppm of dissolved solids and that water

from below 500 feet contains about 15,000 ppm of dissolved solids.
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Rhodes Canyon Range Camp (pole 1788) area

(Reference : Hood, 1963)

Ground water at Rhodes Canyon Range Camp (pole 1788) is
nonpotable.

The water in the fill for several miles east and south of the
camp probably is saline, as evidenced by. the saline residue in the
low areas. Potable water probably is present to the west and northwest
of the camp.

A well about 4 miles south of the camp and shown on £he Black
Top Mountain topographic map as the G Henderson well (14.5.8.321),
yields water containing about 6,000 ppm of dissolved solids of which
about 2,400 ppm is chloride. The depth to water is reported to be
54 feet below land surface.

The McDonald South well (13.5.29.341) has a reported water level
of 100 feet below land surface. Soldiers from Rhodes Canyon Camp
reportedly used water from the well before potable water was truckod
to the camp. The inferred potable water at well 13.5.29.341 and the
runoff from the mountains indicate the large composite fans reaching
from Rhodes Canyon northward to the base of Sa;inas Peak may;contain
coarse-grained debris that will yield an appreciable quantity of

potable water.
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Rhodes Canyon Wells

Two test wells (RC-1, 12.5.31.433 and RC-2, 12.5.28.432) were
drilled in the -’ :es Canyon-Salinas Peak area in 1964. Well 12,.5.28.432
was drilled with a rotary drill to a depth of 358 feet and a water
sample collected.. The water was saline and the well was abandoned.
Well 12.5.31.433 was drilled by cable tool to a depth of 942 feet.

A seep of water was obtained when the well was about 530 feet deep and
the water rose to about 484 feet below land surface. Although the
water obtained was potable, the well would vield only about 2 gallons
per minute or less, and the yield did not increase as the well was
deepened.

The test wells in the Rhodes Canyon-Salinas area did not obtain
an adequate supply of water. However, the water obtained from

well 12.5.31.433 was potable and a well drilled farther up the fan

slope might obtain a larger yleld.
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Salinas Peak area

(Reference:  Hood, 1963)

Dasa relating directly to the occurrence of ground water in the
Sglines Peak area was obtained for 11 wells and 2 springs. All these
sources are on the backslope of tne mountains. Water sources on the
east face of the mountains were not visited because they are relétively.
inaccessible.

The potential yleld of the formations éo wells cannot be
estimated accurately. Tae only wells in the area are stock wells
that are pumpea at rates of only 1 to 5 gpm.

The only pctable ground water sampled in the Salinas Pesk area
was that from Grapevine Spring (S12.4.2.141). Wells and springs
elsewhere in the arca yield water containing from 1,500 to more than
2,000 ppm of dissolved solids, of which the sulfate content amounts
to 500 ppm or more. All the water is very hard and the overall chemical
quality of water deteriorates from the crest of the mountain to the
northwest, toward the Jorneda del Muerto.

The ground water sampled, with the exception of that from
Grapevine Spring, is not suitaeble for human consumption, owing to
the sulfate content of the water.

Water suitable for use by military personnel probably is not
present in the Salinas Peak area in quantities adequate for the needs

of Salinas Peak Site and Selinas Camp.
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Exploration for ground=-water supplies

The immediate area of Salinas Camp (NWLiSELSEL sec. 36, T. 11 S., R. 4 E.
does not seem promising; however, a test well there would determine the
aquifer possivilities, and if water were obtained, the supply would be
at the point of use. A test well 500 feet deep probably would be adequate.

Cne test well farther down Grapevine Canyon in the
SWingElswl sec. 25, T. 11 S., R. 4 E. would determine aquifer possibilities
in the general area. The site is on the access road at its intersection
‘'with the siage cagyon that contains Grapevine Spring, offers adequate
room off the road for drilling, and is on or adjacent to one of the
ma jor transverse faults that cross the mountain range. A test well

of 500 reet probably would be adequate.
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Mackingbird Gap area

(References: Herrick and others, 1960; Weir, 1964)

The Mockingbird Gap well (9.5.15.143), derives potable water
containing less than 100 ppm of sulfate from a fracture zone in the
Bursum Formation and yields approximately 30 gpm with a drawdown of
5 ta 9 feet in about 8~hours time. The water level continues to de-
cline if the well is pumped continuougly during the periods of no
rainfall, and the pumping water level is lowered to the pump intake,
about 135 feet below the land surface. The nonpumping water level
in the Mockingbird Gap well has been as high as 25 feet below the land
surface after heavy rains in the area, and reportedly this well
Aoccasionally has flowed. When the water level is 25 feet or less
below the land surface, about 3 million gallons (about 9 acre-feet)
of water can be pumped from storage abave the level of the pump
setting.

The water level in Mockingbird Gap well rises within a few days
after water flows in the arréyo near the well, The fracture-aquifer
is recharged in the immediate vicinity of the well, probably in an
area less than 100 yards upstream. Longer periods of storm flow in
the arroyo cause far more effective recharge to the aquifer than do
brief freshets. Impounding runoff with check dams along the arroyo
‘upstream from Mockingbird Gap well would increase the amount of re-

charge from rainwater that normally runs off quickly.
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In the area around Mockingbird Gap Hills and Oscura Gap, ground
water in usable quanity and qualitv has been obtained from onlv one
source; the Murrav well (8.5.32.431). Several holes have been drilled
between Mockingbird Gap Hills and the northern end of the San Andres
Mountains, including one dry 400-foot test hole drilled 0.5 mile
south of George MacDonalds's Murray well. The Murray well is completed
in a fault zone. Pumping tegsts of the well indicate a specific
capacity of about 5 gpm per foot of drawdown at a pumping rate of
100 gpm. The static water level in the Murrav well is 192 feet below
land surface. Water from the well contains 298 ppm of sulfate and
684 ppm of dissolved solids.

Water from the Murray well has been used to supplv water for
domestic use to areas in the northern and central range since 1956.
The Murray well obtains water from a small reservoir in consolidated

rocks. The reservoir can be denleted quickly bv pumping.
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Malpais area

(References: Herrick and others, 1960; Weir, 1964)

The alluvium 1is the principal aquifer in the Malpais area. The
Yeso Formation of Permian age also might yield water to deep wells
in the central basin, but no wells are known to penetrate the Yeso
there.

Water of reasonably good chemical quality is known to occur in
only a very few, relatively small localities within the northern part
of the Malpais area. Most of these are along the east side of thg
. area. In a small area north and east of the village of Oscura
relatively shallow wells yield as much as 50 gpm of water containing
less than 300 ppm of sulfate. Deep wells in the Carrizozo area
reportedly yield as much as 50 gpm of water similar in chemical quality
to water from wells at Oscura. Aquifers contalning saline water in
the central part of the Malpais basin are capable of yielding 500 to
1,000 gpm or more. '

Malpeis Spring (12.7.8.422), at the south end of the malpais,
has a low flow of more than 1,000 gpm of water containing, according
to one analysis, 5,100 ppm of dissolved solids, including 1,910 ppm of
sulfate and 1,200 ppm of chloride. A well at Oscura Range Camp will
yield 500 gpm of water containing about 4,000 ppm of dissolved solids,
including 1,900 ppm of sulfate and 640 ppm of chloride. Most of the

stock-watering wells in the basin yield less than 10 gpm.
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Caupadera Mesa-Transmalpais Hills area

(Ref -rences: Herrick and others, 1960; Weir, 1964)

Tne Jransmalpais Zillc, an gutlier of Chupadera Mesa, lie adjacent
tc and wast of the malpais,and are geologically and hydrologilcally
similar to Chupadera Mesa. Here the San Andres is dry and water occurs
in the Yeso Formation at depths of 20C to about 700 feet, depending on
the topography. All water analyzed from the Yeso Formation in this
area contained 2,000 ppm or more of dissolved solids,including 2,000 ppm or
more of sulfate. A T700-foot well near Red Canyon Range Camp yields
100 zom per foot of drawdown from solution channels in the Y2so
Fermation. Most of the wells in the area supply weter for livestock
and yield less than 20 gpm; aowever, near the north end of tﬁe
Transmalpzis Hills, one irrigation well (5.9.25.333) approximétely
90 feet deep yields enough wafer for irrigating about 100 acres of
forage crops. The well reportedly yielded 2,000 gpm originally, dbut
gsoon after 1t was put into use the yield declined to about 300 gpm.

Steven Tank well (7.8.29.144) on Chupadera Mesa yields
water of fair quality (678 pom of sulfate). No data are aveilable
és to the capacity of the well, but it probably will yield about

10 gpm.
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Sierra Oscura backslopne area

(References: Herrick and others, 1960; Weir, 1964)

The backslope of Sierra Oscura is here considered.to include
the area from the crest of the range eastward to Red Cényon.

Almost all the ground water in the rocks of Penmsvlvanian age
occurs in fractures in the limestone and aﬁbears in springs, shallow
wells, and collection galleries on the backslope. These sources
yield only very small quantities of water, but the water is potable.

Known sources of water from rocks of Permian age in the Sierra
backslope area vield small quantities of water that is generally noor
in quality., The Bursum Formation, the oldest Permian formation in
the area, yields potable water at two localities, Brush Tank Canvon
and near R. C. Withers Tank in sec. 18, T. 7 S., R. 7 E. A well at
each of these places yieldé less than 5 gom of notable water; however,
an upper water-bearing zone in the Brush Tank Canvon area vields 7 to
15 gpm. Analyses of water from two wells indicate the water in this
upper zone contains more than 100 ppm of nitrate, but is otherwise
of good quality. The single well near R. C. Withers Tank reportedly
is very weak, but the water from the well is of good qualitv, containing
only 205 ppm of sulfate. The vield of this well might be increased

by treatment with acid
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Red Canyon Spring (S7.7.15.421) yields about 3 gpm of water

containing 1,880 ppm of sulfate. The spring water issues from

cracks in the Abo Sandstone of Permian age.
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Atlas Project area, dolloman Air Fores Base

(References: Heod, 1960; Rapp, 1957)

Test drillineg for procec. .ater for the Atlas Project at
dolloman Air Force Base consisted of drilling, developing, and test
pumping three fest wells: T-1, I'~-., and T-4. The work extended
over & period of about 4 months; drilling of test well T-1 began
on April 19, and th. final measuremernts of the water lsvel in test
well IT-4 were made on August 24, 1956. The logs of the wells are

given in table 13.
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Ltlas test well Tal

Drilling of test well T7-1 (16.8.13.400) at the planned site of
the Atlas Project commenced on April 19, 1956 and was completed on
May 6, 1936.

The water from Atlas test well T-l 1s very saline,
containing about 1,800 ppm dissolved solids.

As the final yield of test well T-1 was only 50 gpm, whilch was
below trhe minimum requirement of 75 gom, the casing was removed and
the well was plugged and abandoned. On the basis of this
performance of test well T-1 and of several wells in the vicinity,
50 gpm is generally about the meximum yield that can be expected
from wells in the area rrom test well T-1 westward to the eastern

margin of the White Sands dun=s area.
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Atlas test well T-2

After test well T-1 had been abandoned test.well T-2 (16.9.4.441)
was drilled. Several rather distinct beds of sand and gravel were
penetrated (table 13). The more permeable beds are thin and scattered
through the clay and silt that make up most of the section drilled.

On July 5 the test well was pumped for 4 hours at a rate of 60
gpm with a drawdown of about 40 feet., The oumping rate was then
increased to 90 gpm for 45 minutes, at the end of which time some air
was being opumped with the water. The discharge rate was then decreased
to 75 gpm and pumping was continued for a period of 7 hours and 15
minutes. The specific capacity for the test well was a little less
than 0.5 gpm per foot of drawdown.

The water from test well T-2 is quite hard and fairly saline,
containing about 1,110 pom dissolved solids, but it is of much better

qualitv than water from test well T-1,
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Atlas test well T=-4

Drilling of test well T-% (16.9.8.100) began on August 3, 1956,
and was completed at a depth of 403 feet August 7, 1956. Most of the
material penetrated was silt and clay. Only two zones, between
depths of 67 and 77 feet and 90 and 99 feet, appeared to be somewhat
permeable. The well was cased with about 400 feet of 8-inch casing,
of which more than 250 feet was perforated with 1/8 by L-inch slots.
Perforated sections of casing were set at the following depths: Uk
to 142 feet, 170 to 250 feet, and 270 to 350 feet. Static water level
in the well on August 21, 1956 was 50.6.feet below land surface. The

log is given in table 13,
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Table 13,—Logs of wells in the Atlas Project area

Atlas test well T-1 (16.8.13.442)

Material Tilgggzis 1(’;22)

Silt, buff to white gypsiferous, and caliche =e==ee=e--- 5 5
Caliche, buff to white, and some chalky Silt ~=eceece—a- 8 13
Caliche and reddish-brown clay--=-e-e=ceme-ecmcececamaas 2 15
Clay, variegated (red, green, and tan) with caliche =~== 5 20
Caliche ===mecemcccmceccccmcccccecccccccmcmcecccaccaaa- 3 23
Clay with some caliche ~emcecccccrrccccccncnancccannna- i 30
Clay, brown, some caliche and coarse sand e~emec-ee- -~== 5 35

(lost circulation at 35 ft)
Sand, very fine to fine, red, clayey =--=-ccecescaccee. 5 4o
Clay, red, sandy =-e---cecmccccecacaaa e —mmscme—a—- wneee 10 50
Sand, very fine to fine, red, slightly consolidated --- 5 55
Sand, fine, red, clayey =~-----eesccscsemcccccmmananan - 10 65
Clay, red, may be sandy e--eemeccccmcmccccmcccemacccncns 3 68
Silt, with clay bresks, containing scattered pebbles

of gypsiferous caliche --e=c-cocmccccnmncaas cmmmceaa- 5 73
Clay, red, containing silty zones, and pebbles of

gypsiferous caliche =-=--e=-ccecccmcccccaaaa. e 4 80
Clay, red, sandy, containing pebbles of gypsiferous

caliche -===- cmsermm e e ———— e rrcerrccer e m e ——— ' 15 95
No sample =--ecocccccmcccmccccccacaccamma——— —————————— 8 103
Clay, red, silty, with caliche fragments =-e-=m-ecemae- 2 105
No sample =--ccmccccccccccmaccccncccecc e 5 110



Atlas test well T-1 (16.8.13.442) - continued

Table 13.--Logs of wells in the Atlas Project area - continned

Thickness  Depth

Material (feet) (fect)
Clay, red, soft, with very fcw caliche fragments e—=-=-- 25 135
Clay, red, soft, Silty e=eemccccmcmcoccccccmcncacnne" - 5 140
Sand, very fine to fine eeem——memccccccccccnccccnn—a 5 145
Clay, red, silty with Iragments of green gypsum =-===-= 15 160
Sand, very fine to fine, clayey ~---=--c-c-mccermanann-a 10 170
Sand, light gray, slightly consolidated, with soft
b= N - S 10 180
Clay, red, SOft ~e=—ceemecccmm e mcccccccmccaeaa—— 5 185
Clay, red, soft, with darker red and light gray to
green streaks =—-=---- e m—————— mem st cm e c——————— 10 195
Clay, red, soft, conbtalning fragments of light gray
8ilt and caliche w-c-rercccanconcnccccccc e c i ———a 15 210
Clay, red, very Soft =---=ceeeccccmccamccacaaa. ——————— | 5 215
Clay, dark red, SOft ~ecccccccccmmcccecmocccc e —n— 10 225
Clay, dark red, with light green streaks ---w-mmeew- ——— S 230
Clay, dark red and green e--eeceecovea- cemmcmmcacm————— 30 260
Clay, brown, some red and gray --=--=-----cecccccacea-a - 5 265
No sample —-ccmcccccmccccccccnnecmcccac e ecnaa e——————— 5 270
Clay, red, with green silt «-e=-- e mmemeen s —————— -- 10 280
Clay, brown e---cceccmcacacccccacaaa e ema—— . 5 285
Clay, dark red e~--—-eeecmcccccccmcccccconnnnonna c———————— 5 290
Clay, red to brown, silty e----rce--- e mcema——— a—n——- 20 310
Clay, red, 80ff ~-cemmmccmmom e 2 312



Table 13.--Logs of wells in the Atlas Project area - continued

Atlas test well T~1 (16.8.13.442) - concluded

Material Thickness Depth

(feet) (feet)
Clay, red, with caliche fragments ~=wecececcceccccccceas 3 315
Clay, green amd red, silty, with caliche =~==wcecceccwcca- 5 320
Clay, green and red, Soft =---mecwccccecccccco-. ——meeee— 5 325
Clay, variegated (light to dark red, light to
dark green), Silty e-m=mecccmeccceccecee——e—- ——————— 5 330
Clay, red, soft, with blue clay and caliche fragments -- 10 340
Clay, red and blue, Silty ===----ece-emcccemccaeas e-==e 10 350
Clay, blue; little red clay «==-=e==-- T —ewee 10 360
Clay, red, soft; little blue clay =~=-wmwcwaew ~ememmenee 25 385
Clay, red and green, SOft ~-coccocrccccene. e 5 390
Clay, variegated (light to dark red, green, blue
L o= T TSRS —— 12 402

193



»

Table 13.--Logs of wells. in the Atlas Project area - continued

Atlas test well T-=2 (16.9,4.441)

Material T?;.Zg)e S8 D??g; £)

Clay, reddish, SOft w-w-ccecrcmcccrccccccccccc e e e 30 30
Clay, reddish, soft, sandy; contains caliche fragments - 10 Lo
Clay, reddisi, soft, and gr:eenish-blue clay fragnments;

contairs some sSand ~----mmemeeccema- —————— ——————— 5 45
Clay, reddish, gypsilerous, soft} contains caliche

fragments -----eccoccacceas e mm e acec e —————— -- 15 60
Sand and fine gravel =---scecmmceommccmndcm i neniceaenn. 10 T0
Clay, reddish, silty, gypsifcrous -=---cecemmcccccecoaa- >, 75
Clay, reddish, gypsiferous, soft, with greenish, silty

PiECES =rmmmmmm e e 5 80
Clay, mainly reddish with some brown pleces =-----=-= - 20 100
Clay, reddish, s0ft —cremcccmcccccccccacccmcccc e 5 105
Sand, very fine -e-mm--- R —— S 5 110
Clay, reddish to brown, sandy e-=-r--ceee-- mmeem——— 6 116
Clay, reddish, soft; contains gravel w=w-mceeceoeco-. -—- i 120
Clay, reddish, soft ~e-c-wc-a- e mecm e e ————————————— 10 130
Gravel, with some soft, reddish, clay ece=-cm=e--a ———— 5 135
Clay, reddish, SOt m-memecececccmoceccccmcmcmcccae——- 7 1o
Clay, rcddish, sandy w--=--eemeccceccccemacucece-o- cm———— 6 148
Clay, reddish, coft; contains oilt lenSes ee-me-eeeceoa 24 172
Gravel, fine to medium, mainly greenish limestone e=we- 5 177
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Table 13.--Logs of wells in the Atlas Project area - continued

Atlas test well T-2 (16.9.4.441) - continued

Thickness Depth
Material (feet) (feat)

Clay, reddish, sandy--~==---cccroccmmc e 8 185
Clay, reddish, 80fte--mmm oo 6 191
Sand, fine, clayey--—-=eemwm ;e e e 11 202
Clay, reddish, softe--m-momcm e 12 214
Gravel, with some grayish and brownish clay------- 8 222
Clay, mainly brownish, with some grayish-~~eecee.- 15 237
Sand, fine, with brownish and grayish clay-------- 17 254
Clay, silty; brownish to about 265, then reddish-- 26 280
Sand and gravel; contains clay--------=--=-mcca-coo 12 292
Clay, reddish to brownish red; contains thin

lenses 0f gilte—mcmmco e 41 333
Sand, fine------=ermc e e ea 4 337
Clay, brownish red----ececmmc oo 3 340
Sand, finee-—me— oo e e e 4 344
Silt, clayeyemm e e e e 9 353
Sand, fin@e--=em o 5 358
Clay, reddish-brown~----c-ecccmmcm e em 5 363
Sand, finee----m-cccrm e eea 5 368
Clay, reddish-brown, with some greenish,

clayey silte=-c o e 14 382
Sand, very fine to fine and brownish clay--------- 10 392
Clay, maiﬁly grayish with some brownish, soft----- 4 396
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Table 13.--Logs of wells in the Atlas -Project area - continued

Atlas test well T-2 (16.9.4.441) - concluded

Thickness Depth

Material (feet) (feet)
Sand, fin@e-e--ceremc e e e 5 401
Clay, reddish-brown with red and green pieceg----- 9 410
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Table 13.--Logs of wells in the Atlas-Project area - continued

Atlas test well T-4-(16.9.8.140)

Thickness Depth
Material (feet) (feet)

Caliche and tan to brown silte--—-ceccmcacccaaaaaao 5 5
Sand, light brown, very fine to fine=-—-=-----ceea- 5 10
Sand, becoming darker brown, very fine to fine; )

contains lenses of brownish clay-----=-wec-cau-u- 10 20
Sand, reddish, very fine; contains thin beds of

clay, silt, and caliche--e-cccecccccmcccccceas 10 30
Clay, reddish, silty; contains caliche-----eeec--- 8 38
Sand, reddish, very fine and silt; contains

caliche~wmmmm e el 10 48
Clay, reddish; contains silt and caliche--=--w-ea- 17 65
Clay, tan--—cmr e e e e e 2 67
Sand, fine.to coarse, and angular gravel _

consisting mainly of limestone fragmentg~------- 19 77
Clay, red, soft, becoming gray at base-----~=-c=-eu 12 89
Sand, fine to coarse, and angular gravel

consisting mainly of limestone fragmentg-----w--- 10 99
Clay, red, soft; contains sand and gravele--e----- : 16 115
Sand and fine gravel-—-=--cemmme e e a 6 121
Clay, reddish, soft--=--ccmmcmm e e e : 4 125
Clay, brownish, some tan; softe-—--w---- e ——— 8 133
Sand, very fine; contains caliche--~~emccecmnneca-n 8 141
Clay, mainly brownish to brownish red, soft-~----- 32 173
Clay, mainly light brown to light reddish browm,

silty near base_ soft; contains caliche-----w--- 28 201
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Table 13.--Logs of weils in the Atlas Project area - concluded

Atlas test well T-4 (16.9.8.140) - concluded

Thickness Depth
Material (feet) (feet)

Clay, brownish to red, soft----eccccccmcccancaanaa . 17 218
Silt to very fine sand--------mececcccmc e 7 225
Clay, mainly light brown, some red; softee------we 13 238
Sand, very finee-=-memm e e 4 242
Clay, red, gypsiferous, soft; contains some

calich@mmemm e m e e el 18 260
Clay, red to brown, gypsiferous, soft; contains

Silty lens@gemm e oo e 23 283
Clay, variegated-red, brown, green and gray;

gypsiferous, softew-ecmcmmm e 8 291
Sand, very fine-=--c-ccmmmm e 7 298
Clay, mainly reddish brown with red, brown,

gray, and green; gypsiferous, softe--vcre-ecwc-a. 22 320
Clay, mainly light brown with some red and

green, silty, gypsiferous, soft-------coccaaaaoa 8 328
Sand, very fin@e-—-emecm e 5 333
Clay, brownish with red and green; silty,

gypsiferouse-e-mcc e e A 2 335
Clay, gray, silty, gypsiferous, soft; contains

caliche-c-mm e el 7 342
Clay, brownish with some red and green;

gypsiferous, Softemcm—mmmm - 44 386
Clay, reddish, gypsiferous---w---mcccmmcmcrccacax 6 392
Clay, brownish with red and green; gypsiferous,

SO it m e e 11 403
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Tulaccosa-Alamogordo arsa

(References: Herrick and ochers, 1960; Meinzer, 1915)

The Tularosa-Alamogordo area extends west from the foothills
of the Sacramento Mountains for about 12 miles, north from Tularosa
about 10 miles, and south from Alamogordo about 7 miles.

In cthe Tularosa-Alamogordo area the valley fill can be divided
intc two parts, a thick section of older alluvium and an overlying,
relatively thin section of younger alluvium.

Ground water in moderate to large quantities is available in much
of the area, but water of good quality is scarce. Most of the ground
water is highly saline, containing varticularly calecium, sodium,
cnloride, and sulfate. Sulfate in the ground water is sufficient to
render the water unfit for domestic or livestock use.

The quality of ground water in the vicinity of the Boles well
field differs vertically as well as laterally. Two distinct water-
bearing zones in the younger alluvium can be differentiated -- a deep,
thick zone containing potable water and & shallow, thin zone containing

water of inferior quality.
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Water from the deeper part of the older alluvium is probably
of pocor quality. Meinzer (1915, p. 133) stated that water from a
depth of 890-1,200 feet in a deep well near Dog Canyon (south of the
Boles well field) was reported to be salty. Presumably this well tapped
the lower part of elder slluvial fill, but didLnot penetrate to the
bedrock.

Water from the bedrock underlying the valley fill is generally
saline. A sample of water from well 18.8.5.431, about
6 miles southwest of Holloman Air Force Base, which probably taps
the Yeso Formation, contained about 8,400 ppm of dissolved solids,
including about 3,000 ppm of sulfate, and about 2,500 of chloride,

and it had a hardness of about 2,600 ppm.
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Carrizozo area

(References: Herrick and others, 1960)

The Carrizozo area extends from the vicinity of Carrizozo south-
east to Nogal and southwest to Oscura. This area of about 150 square
miles is a part of the Tularosa Basin and lies between the Sierra
Blanca on the east and the malpais (lava flow) on the west. (See

fig. 22, in pocket).

Figure 22.(caption on next page) belongs near here.

Large quantities of ground watsr are availsble from the alluvium

in a part of the area. Generally the water 1s very hard and high in
dissolved solids, a large part of which is sulfate. A considerable
quantity of ground water contzining about 600 ppm or less of sulfate
could be obtained from the alluvium near Carrizozo.

Mo gquantitative data are available on the hydrologic characteristics
of the valley fill. Information is needed on the trend of nonpumping
and pumping water lavels, specific capacities of wells, transmissibillity
of the aquifers, and interference between pumped wells.

Evidence indicates that the thickest sections
of alluvium in the area are a few miles south and southwest of Carrizozo.
Near the center of the plain a few miles east and southeast of Carrizézo
the alluvium generally is slightly more than 100 feet thick; however, it
is not improbable that the alluviﬁm is thicker at some vplaces in that
general area. The remainder of the area 1s not considered favorable

for the occurrence of saturated alluvium that would yield large guantities

of water to wells.
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Figure 22.--Map of the Carrizozo area, Lincoln County, N. Mex.,
showing geology, wells and altitude of the water table,

April 1957.
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Three Rivers area

(References: Hood and Herrick, 1962)

The Three Rivers area includes about 150 square miles between the
west slope of Sierra Blanca and U.S. Highway 54y.at the boundary
between Otero and Lincoln Counties about 20 miles north of Tularosa, New

Mexico (fig. 23, in pocket). The area is drained by Three Rivers

Figure 23 (caption on next page) belongs near here.

and its tributaries. Two of the tributaries, Three Rivers Canyon and
Indian Creek, have pérennial flows in their upper reaches at the west
gide of Sierra Blanca.

The depth to water in Three Rivers area ranges from less than
a foot in parts of the creek beds to as much as 150 feet. In the
lower parts of the reentrant, in the northwestern part of
T. 11 S., R. 10 E.,, and the southwestern part of T. 10 S,, R. 10 E.,
the range in depth to water is between about 20 and 50 feet.

As indicated by the water-table contours on figure 23, the
ground vater moves southwestward from the reentrant area toward the
main part of Tularosa Basin. Several small springs issue where
eastward-dipping impermeable beds force the ground water to the

surface,
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Figure 23.--Map of the Three Rivers area, Otero and Lincoln Counties,
N. Mex., showing well and spring data and contours on

the water table, 1957.
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The water resources of the Three Rivers area can be most fully
an’ most cconnmicaliy developed by tixing waters of inferior chemical
quality with potable water to yield a product of potable or near-potable
quality to the pipeline. This may be accomplished in several ways. For
example, data indicate that wells producing at least 100 and possibly as
much as 200 zpm can be developed in the vicinity of test well 11.10.7.232.
Although ke ground water in that area may be expected to contain from
300 to 500 ppm of sulfate, by mixing this water with less saline
surface andé ground water, tie final product would
be of reasonabl& good quality. The base flows of Three
Fivers and Incdien Creek probavly have an everage sulfate content of
about 100 ppm. Such water mixed in equal proportion with ground water
containing an average of as much as 400 ppm of sulfate would prodﬁce
water containing about 250 ppm of sulfate for delivery tc the pipeline.
A dependable supply of at least 1,000 acre-fest per year of
water containing an average of not more than 250 ppu of sulfate can
be developed in the Three Kivers area, 1f both surface-water and ground-
water scurces are utilized. This estimate includes diversions on both
Three Rivers and Indian Creek and approximately six wells. More than
1,000 acre-feet per year can be developed if more wells are drilled

or a somevwhat inferior water is permitted.
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r=a souti=ast of Valmont and north of Orogrande pipeline-

(References: Herrick and others, 1960)

An area z2bout 12 miles south of the Boles well fizld and along
the =ast side of Tularosa Basin, southeast of Valmont an& north of
the Crogrande pipeline, has been suggested as & possible source of
potable ground water. The area includes about 150 square miles
adjacent to the Sacramentc Mountains and northeast of the Jarilla
Mountains, in the central part of Otero County, N. Mex. (See fig. 24)

LR

n pockat .)

-l

Figure 24 (caption on next page) belongs near here.

206



Figure 24,--Map of an area southeast of Valmont and north of Orogrande
pipeline, Otero County, N. Mex., showing contours on
the water table, depth to water, and sulfate content of

ground water, 1956.
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Ground water in the bolson fill moves southwestvﬁrd and westward
from the mountains toward the lower part of the basin, as indicated
by the water-table contours on figure 24. The water-table gradient
ranges from about 25 feet per mile in tae scutheastern
part of T. 19 S., R. 9 E., to about 50 feet per mile in the south-
western part of T. 18 S., R. 10 E. ta are not available with
which to determine the configuration of the water table in the south-
ern part of T. 19 S., R. 10 E., and T. 20 S., R. 10 E. The ground
weter in these areas is moving westward at gradients of 25 to 30
feet per mile. The depth to vater in the bolson fill in the area
shown on figuré 24 ~anges from less than 30 feet in the northwestern
part of the area, the vieinity of Valmont, to at least 200 feet in
the southerm part of T. 19 S. and the northern part of

T. 20 S., Rs. 9 and 10 E.
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Bolss well field area

(Reference:  locd, 1939)

The Boles wall field is on bolson fill ¢f whickh the most permeable
zones are the first 200 to 300 feet below the land surface. Production
wells driiled in the area need no:t be more ~han 300 feet deep. Wells
drilled within about one-nalf mile of the mountains possivcly can be
drilled %o scmewhat greater depths because the coarse-grained bolson fill
is thicker closer *o the mountains but not necessarily more productive.
Tne permeability of the aquifer in the Boles well field, and consequently
tne yields of wells, increases from east to west, as a result of the
bztoer sorting of the fill at increasing distance from the mountains.

At tz2 1955 rate of production from the existing production wells,
it is estima*ed that the water level in the centsr of the well field
will decline in the order. of 30 feet in 5 years, 40 feet in 10 years,
and 50 feet in 20 years. To minimize lowering of water levels in the
well field, and thus reduce the possibility of migration of saline water
from the west, it is éuggested that future wells be considered in the
gastarn three~fourth§ of éec. 19, the nortkhern half of sec. 30, excepting
she norshwest 40 acres, and possibly thé southwest part of
sec. 20, 7. 17 S., R. 10 E. Generally a well spacing of 1,000 feet
seems adequate. The optimum distribution of wells in this new area
seems to be 2 straight line extending southward from Boles well 5.

Logs of wells drilled in the Boles well field area are given in

table 1h.
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Table 1h.-<Iogs of wells and test wells drilled in 1954 and 1955.in

vieinity of Boles well field

Test well 22 (17.9.13.24k)

IS
Thickness Depth
Material
(£t) (££)

S0il, sandy =-==-==---c--eemc-ecceccecccacce-. rememm—— 3 3
Sand, gravei, cobbles and boulders =------c--ememmacaaa 7 10
Sand, and gravel e-semccecccccccccncncacccan——. cm————— 1 11
Clay, very sandy, and gravel, grading downward

to sandy clay e=-=-=--ceemcccccccccanaaa —emmee————— - 9 20
Clay, firm, sticky, sandy, brown -------c-ecc-crcacaa- 20 40
Clay, firm, sticky, sandy, brown, with med.um-grained

gravel of black limestone =--c-w-c-mrmcecmcmcmcccaaa- 10 50
Clay, firm, brown, with little gravel e-ee--ecwcoacces 10 60
Clay, sandy, brown, with some sand and gravel =-e-=w--- 20 80
Sand and gravel, with some sandy, brown clay e-eeec—wes 10 90
Sand and gravel, with smaller amounts of clay wee==-= - 30 120
Clay, sandy, brown, with some sand and gravel =see-e-- 60 180
Sand and gravel, 50 percent and 50 percent brown clay - 10 190
Clay, brown, with slightly less sand and gravel than

from 180 to 190 feet =-==ce--- O 10 200
Clay, brown, and sand =-s----cecccceccemecaaao ,e—m————— 20 220
Clay, brown, sand, and gravel; exceptionally slow |

drilling from 241 to 245 feet =-mcmcemeccmcccaaas S Lo 260
Clay, brown, with little sand or gravel e-----=-cecee-s 50 310
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Table 14,--Logs of wells and test wells drilled im 1954 and 1955 in

211

vicinity ;?-Bbles well field - gontinued
Test well 3 (17.9.23.333) - 24‘1’5‘_‘
Thickness Depth
Material
' (£t) (££)
Caliche and a little clay ===<==ccwccec—ce- v—cememnan— i g 1
Sand and clay; sand appears to be mostly evaporites =-- 5 16
Clay, red eeeceecccceccececcnmccececcecce - -—— 4 20
Clay, red; crystalline gypsum; énd_some coarse-grained ‘
guartz saﬁd ---------------------------------------- 3 23
, Clay, red, and crystelline gypsull ==—eccccccccccccaccs 7 30
Sand, very flne- to mediumpgrainéd; caliche;
crystalline gypsum; and a little red clay ewecemac-- 5 35
Sand of caliche, very fine- to coarse-grained, and
gypsum, with little clay =-=-=--=-==a-- B — .- 3 38
Missing =eeceecmccceccemea- S . ——— 3 b
Caliche and flakes or graing ~-cecceac-ceccccacaconae- L 45
Clay, red ecec—w-- e m . —a .o —-———————— - e 2 e e - 5 50
Clay, red and white, and caliche, becoming sandy
toward bottom e--cemcecccmacacnaa e —————— 5 55
Clay, white, and caliche e------ccccccrcmccnnnaa ————— 6 61
Clay, red em—emccccccccccceaca= —————————————— c——m———— 4 65
Clay, silty red ~ew-eeccecccecccccana- —————— - 8 13
Caliche e=cs-ecacumecaaas ceeeecmmecmcmeaaaa . 3 76
Clay, sandy red, and caliche =~ee--ecmcccceccncceeca —— 6 82



Table 14.--Logs of wells. and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 3 (17.9.23.333) - Concluded 5%§$‘
Thickness  Depth
Material
(£) (£8)
caliChe’ hard - AR W SR A N W S W e - . e D W W A o l 83

Caliche, thin, strata of; intercalated with sandy,

red clay. Minor amounts of red sand and

erystalline gypsull ee--eeeccec-- - 12 _ %5
Caliche and red, sandy clay e—=-=cscccccccccccarecece- 10 105
Caliche, very fine-grained sand, and silty red clay ==-- 10 115
Clay, sandy, Drown =-ee-e-ecemcomcnmmcccancnncocaeaaaax 6 121
Caliche, fine-grained sapd and some white clay eme=w== by 125 .

Clay, white, and caliche, with minor amounts of sand

and red clay =----e=me=- e mmemecemeeme———————— e 10 135

Clay, tan, with minor amounts of sand and caliche ~-== 10 145
Clay, brown, with minor amounts of sand and caliche -- 25 170
Clay, brown, with thin, intercalated strata of caliche- 10 180
Clay, browvn e=~ee-=- L T - ——— - 20 200
Clay, brown, with minor amounts of sand and caliche =-~ 8 208
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Table 1l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 1 (17.9.23.431) 4 %554
Thickness Depth
Material
(£t) (£t)
Soil gypsiferous se~seecccocccccncnas e e 10 10
Clay, brown, and caliche e===ccecaccaaa- e e LT 10 20
Clay, silty, brown, and small gravel e=--==meee-- ————— 20 4o

Clay, silty, brown, very fine-grained sand, and

small gravel e----eccececececccmecccaecs - 9 . kg
Sand, very fine- to fine-grained, and some brown clay - 21 70
Clay, sandy, brown, and caliche -e--ececmccccceceeas - 16 86
Clay, brown, and caliche =e---ecccecemacaa ——————— R 19 105
Clay, sandy, brown, and caliche e==cccecccccmcccacanas 10 115

Clay, sandy, brown, and caliche with minor amount of

gravel e--~weee-- e L ———— 10 125
Sand, fine- to very fine-grained; finely divided

caliche; and minor amount of brown clay e=--e--- —~——— 20 145

Sand, very fine-grained; brown clay; and minor amount

of caliche ~=----ccccccccocana- ——eeeceanee e a———— 11 156
Caliche, and very sandy, brown clay e==-cececaecc-a- ———— 10 166
Caliche, and very fine-grained sand =eecececccececes -———— 9 175
Caliche, and sandy, brown clay emmemmmeoaa ——em—m——— 8 183
Clay, sandy, brown, and caliche ee--iecceccemcccccacana | 17 200
Clay, brown; very fine-grained sand; and caliche =~w=e== 10 210
Clay, brown, and caliche =-ecec-cecccacaa--- m——————— - 10 220
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 inm

vicinity of Boles well field - Continued

Test well 1 (17.9.23.431) - Concluded 5SSy
Thickness Depth
Material
(£t) (£t)
Clay, sandy, brown, with minor amounts of caliche and
small gravel e~cescec-- ——m—ceeecnee- —— 10 230
Clay, brown, caliche and minor amount of small gravel - 10 240
Clay, sandy, brown, with minor amount of caliche ew=== 10 250
Clay, brown, with minor amount of caliche ~ec-memcacaee 20 270
Caliche, and sandy, brown clay e-=-=cecoemccsccecena ——— 10 280
Caliche, fine- to very fine-grsined sand, and minor *
amount of -brown clay ~-<---w-- ———————- - 10 290
Clay, sandy, brown; caliche; and minor amount of
gravel —e-ccceco—cew- e ce——— - 10 300
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Table l4.--Logs of wells--and test wells drilled in 1954 and 1955 in

vicinity of Boles well field.- Continued

Test well 8 (17.9.24.142)

§of5¥

’ “Thickness  Depth
Material
(££) - (£t)
Clay, red-brown; sandy at surface, becoming slightly
sandy with caliche near b;)ttom ——eem———— v————————— 20 20
Clay, sandy, brown, with a little gravel eve-w-caccace 10 30
Clay, sandy, and caliche eeececemcea- S S —— 10 40
Clay, soft, sandy, brown, with some gravel ~esesmscwcce 10 50
Sand, very fine~ to medium~grained; very small gravel;
and sandy, brown clay e--=-ceececescecaccoao- —————— 10 60
Clay, brown e=-~cecesceccmcocecea- e L 64
Sand, very fine- to medium-grained; very small gravel;
and sandy, brown clay e-=ee--eccermea-- - 6 70
Clay, soft, brown, with some sand and gravel, becoming
very sandy in thin zones w~-~cvvceeu- memme—————— ————— 20 90
Clay, soft, red-brown, with some sand and gravel,
gravel predominantly of black limestone, becoming less
sandy near bottom e-c--cceecwe- eecevac e ———— 30 120
Clay, soft, sandy, red-brown; becoming very sandy with
medium-grained send near bottom e-vw--- ————— i 10 130
Sand, and small gravel, mostly of black limestone,
and sandy, reddish clay e=---==- ————— mmememeeeese=- 10 140
Clay, sandy, red, with a little sand and small gravel - )iTo) 180
Clay, sandy, red-brown; very sandy clay in thin strata
below 200 feet w-cmecw--- - - 0 2 e 0 e %0 210

>
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 8 (17.9.24.142) - Concluded 7 55
Thickness Depth
Material
- (££) (£t)
Clay, sandy to very sandy, red-brown, with minor amount
of small gravel e-~--- —————— 50 260.
Clay, sandy, brown e==-escececeoece e nmn - ———————— Lo 300
Clay, soft, brown, and very small gravel ee-c-ececvecees 12 312
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 4n

vicinity of Boles well field - Continued

Test well 9 (17.9.24.222)

Y

Material (£t) (£t)

Soil, sandy, chocolate-brown, with much sand and

gravel and some reddish clay we<vew~e==- - 10 10
Sand and gravel, and red clay in alternating beds

about 2 feet thick --=cecwccccccnncvcnccnncccacccnane 10 20
Clay, silty, red, with included gravel --eeemecmcesm=-= 9 29
Sand, and small gravel ececcccccccccccncaccccrccnancane. 1 30
Gravel, mogtly bit-cut e~cencececcca-s —— ——— 3 33
Clay, red, and bit-cut, gravel ee--esmcececcmcccacccence=- 7 40
Clay, silty, brown, with some gravel —~-=- —ecmmamnennw. 20 €0
Clay, sandy, red-brown, with small amount of very

coarse Sand weceesmcaaa T - o 2 2 e 0 e o o o 10 T70
Clay, sandy, brown, with very small gravel --—--:------- 20 20
Clay, sandy, red-brown, with small gravel ~=--- —e——mca—- 20 110
Clay, sandy, firm, red-brown, and bit-cut gravel «e=--- 10 120
Clay, sandy, brown, with small gravel and minor

amount of large gravel wescecccccccccccsccccncncmccncs 10 130
Clay, smndy, brown, and minor amount of gravel ==rm==e=- 10 140
Clay, sandy, brown, and clayey sand e«-cecscccccccceaea 10 150
Clay, sandy, brown, and small gravel ee--e=- PR, 20 170
Clay, redsbrown to brown, and sandy clay., with

.minor amount of gravel and white clay =-==-eec-cam=e- 10 180
Sand and gravel, 75 pércent; sandy clay, 25 percent =-- 7 187
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 9 (17.9.24.222) - Concluded g of 5%
Thickness Th?giiess _f§z§h

Sand, and small gravel, 50 percent; sandy clay, 50

percent. (Rocks drilled from 180 to 200 feet al-

ternated in beds from 6 inches to 2 feet thick) -=--- 13 200
Clay, saﬁdy, red, 50 percent; gravel, 50 percent; -

with minor amount of.;aliche; with very large,

bit=cut gravel from 200 to 203 feet ww--vecmcncccancs 20 220
Gravel, bit-cut, 85 percent; and sandy, red clay.

(Formation was very hard, with slow drilling from

228 to 230 feet, and moderately hard from 230 to

236 feet) ~wemoee=- S — ———————— cmecmme e —————— 20 2o
Clay, red-brown, with a minor amount of sand and

gravel at bottom; some of clay appears to

dissolve into the drilling mud -ee--eee-- —————— ——— 10 250
Clay, red~brown, with mipor amount of gravel,

occurring as very thin strata ----e--e--- R S et 20 270
Clay, red-brown, with minor amount of gravel. (Ex-

tremely hard stratum at 275 to 278 feet, either

of cemented gravel or of cobbles and boulders.

All returns were completely bitecut) =eeeccwecveceaen 10 280

Clay, firm, redebrown, with a few thin strata of

Erave]l ~memccemcccdnnemm e csces e e e ————— ‘ 10 290
Clay, red-brown, with litfle gravel =--=c-w-ccceccccce- 10 300
Clay, red-brown, grading into next stratum =-==--=--c-- 5 305
Sand 8nd clay e---=---mcmmmmemmeeeseeemeee——e—————————— 3 308
Clay and gravel e-=e-emmceccececmcccccccemcecceee——————- 6 31h




Table lé.-—Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 34 (17.9.24.343) - /o0 c—if%;

taterial oy G
Soil, silty clay; and caliche «=e====- cemm—a— cmemmwmenem—e 10 10
Clay, soft, silty yellow-18h ~weececccceacccecccccracccenea" 10 20
Clay, sandy, tan, and gravel -e-=- comremceececnecvnacm—mee 10 30

Sand, very fine- to fine-grained, with minor
amount of clay and gravel =-e=-esceecacece B D 1 Lo
Clay, firm, slightly silty, red-brown, with minor
amount of gravel ~----cesccocmcae- S m—emmmae 20 . 60
Clay, soft, very sandy, tan, with minor amount of
gravel and CaliChe =~eeemomescecsssemmcecsoceseeees 10 70
Clay, silty, brown e-esececcemececaaca cemmeccancenrnwenmeea 10 80

Clay, sandy, brown, and some large, black limestone

gravel =w---= T —————— eenmemee—e————— womwee 10 90
Clay, firm, brown with minor amount of gravel ==--cesewe=es 10 100
Clay, firm, brown, and nodular caliche ~--cme-ce- mecmmeeme=- 10 110

Clay, soft, tan, with minor amount of very small
Eravel s—eeccrecccccemcccceen- Cmmsemecmteee e, ecnenemen——. 5 115
Clay, firm,6silty, brown, and nodular caliche ==--e=-e=e-=- 15 130

Clay, silty, brown, with minor amounts of caliche

and SMAll GrEVel =me-eee-smsesscesecessmececscmess—mee—eas 10 140
Clay, silty, brown, and white calcareous clay ===ee-e=w-e- 10 150
Clay, brown; caliche; and minor amount of gravel eesececea- 10 160
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Table 1l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 34 (17.9.24.343) - Concluded

1155255¢

Meterial Th%;g‘ess ?;‘t’;’h
Clay, plastic, red-brown ===ee==- —————— - _— 10 170
Clay, brown; white calcareous clay; and minor amount

of small gravel -e==e=- ———— SRR S 10 180
Clay, soft, very sandy, tan; very small gravel; and

minor amount of caliche =wewcec- ———————— B el 10 150
Clay, firm, plastic; caliche; and minor amount of .

gravel ---ececccccace- et 30 220
Caliche and gravel with some brown clay ~-evcemccccceces 3 223
Clay, tan ee-cececcmcccccmcnmcnccncenumcrccconcrcnenmeenn 7 230
Clays, brown and white =-=c----- S —— R —— 10 240
Clay, soft, very sandy, tan, and caliche =w-cwaccaccenas 10 250
Clay, firm, red-brown, and caliche ~=--- ’ - —— 10 260
Clay, silty, brown, with minor amount of gravel ew-~c-ww 10 270
Clay, firm, red-brown, and caliche -ee-cecccccem- - 10 280
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 21 (17.9.25.123) - /2 of 54
Material " Thjr';lf)mss ](’g)th
Clay, silty, with minor amount of caliche mew~ewmecrmawas 10 10
Clay, silty, brown, with minor amount of gravel ee=ceww- 135
Clay, soft, gray to white ~we-e-- e mmemmm e — e ——————— 'l:- 17
Clay, silty, brown, with inclusions having a limonitic
appearance ------ —————— - - s e 3 20
Clay, firm, brown, with minor amount of callche near
bottom m=——mmmm———e SR S cmmmemmmeee 10 30
Clay, brown, with several thin, hard strata of caliche - 10 4o
Clay, red-brown, with caliche, and with minor amount
of sand at about 48 feet ~—--- ——————— e m .- 10 50
Clay, red~brown, with some sand and gravel =------ cosmnme= 10 60
Clay, sandy, red-brown; minor amount of gravel; and thin
strata of very fine-grained sand -~-=e==- ———— - 10 T0
Clay, silty, red, intercalated with strata of caliche
and fine-grained sand ««-e=-- ————m - ————————— - - 20 20
Clay, silty, red --- - - 10 100
Clay, silty, red, and caliche e-=-=- -——— 10 110
Clay, red, and sandy caliche ~ww-ececw-- e LD P T 10 120
Clay, red; caliche; and a very compact red clay,
called "shale" by driller; becoming much softer
and sandier toward bottom esmecccceacceccvemccecea ———— 20 140
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Table 1l4.--Logs of wells an& test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 21 (17.9.25,123) - Concluded. i 73 °£_56‘th
Material ?F%;ﬁ)?fs I()g)

Clay, silty, red to brown; caliche; and minor amount

of sand and gravel w---- - 10 150
Clay, red and white = - - 6 156
CaliChe =ecemcccmccmmccnccrcrc e cnmncac e ——— Y 160
Clay, red; sand in very thin strata; and some very small

gravel or very coarse sand e----- - e o e 2 0 00 e e e o e e 10 170
Sand, very fine- to medium-grained, and sandy clay e===- T 177
Clay, red, and gravel =-—--= —————e——————— - 3 180
Clay, sandy, and sand, grading into clay and

caliche at bOttOm =-=www—mememanas - 10 190
Clay, red, and caliche —-—=m=ce-- ———————— - 20 210
Clay, red-brown, and caliche; with thin strata of sand

from 218 to 220 feet ==meww e———— e L L EET TS SE LE PEY 20 230
Clay, sticky, silty, red, and caliche -cesccccccccacaaa. 20 250
Clay, red-brown, with minor amount of caliche ~=~-ee=we== &2 312
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Table 14.--Logs of wellg and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 35 (17.9.25.212) Ak
Meterial ﬁ%ggess I(’;P;;Jh '
Clay, brown =---- - m——amme———— ———— - 20 20
Clay, brown, with sand and gravel of black limestone «=-- 10 30

Clay, tan; very fine-grained sand; and gravel of tan

limestone ===e-w-= e ———— ——e—n- - 10 4o
Clay, brown; small gravel; and minor amount of caliche -- 10 50
Clay, silty to sandy, brown, with minor amount of gravel- 20 70
Clay, firm, plastic, Drown e-e=ewececcccmececcacacmceseas 10 80
Clay, firm, plastic, brown; gravel; and pebbles -««ewe-w- 20 100
Clay, sandy, brown; very fine-grained sand; and gravel -~ 10 110
Clay, silty, brown, and gravel —eeecvaceccccccccnnccacae. 10 ’ 120
Clay, brown, with minor amount of gravel —---- - 10 130
Clay, tan, with minor amount of gravel =---eewesececccee. 20 150
Clay, silty, tan, and caliche =e=ewccemcceccecccacaceeneae 10 160
Clays, silty, red-brown and tan, and caliche ~<e-wwscacece. 10 170
Clay, slightly silty, brown ~~e=~mce~e- B L S~ ¢ 190
Clay, red-brown; caliche; and minor amount of gravel ---- 10 200
Clay, red-brown, and cgsliche =-- —— == 10 210

Clay, firm, brown; a few pebbleg; and a minor amount of

caliche =weccccacoccuccmancacacrccccncnnennoa . (0] 240
Clay, firm, brown, and caliche =----- ammmmmemmmmecamemaes 10 250
Clay, tan e~we== ————— - 1 0 1 0 e 0 0 5 e 2 e e P 00 10 260
Clay, tan, and minor amount of caliche =e-wreccccomccnaa- 10‘ 270
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field -~ Continued

Test well 7 (17.9.25.324) . /5o 54

Material Th%;tﬁfss ?;E?h
Soil, black-brown, claygy e=-=-=-- .20 0 0 e 0 6 6
Caliche «-- - - -— 1 7
Clay, brittle, red and white -~ -Seam 3 10

Clay, silty, brown, with grains of caliche and minor

amount of very small gravel or very cosrse-grained

sand; becoming siltier toward botton meessscssserssecmonn 10 20
Clay, sandy, yellow-brown, and sand =~e=cecccemcceccen—=w 10 30

Sand, very fine- to medium-grained, limestone; and minor

amount of tan clay e--eweeescccea-w T ——— 10 4o
Sand and caliche with minor amount of clay weecvconcnaw. 10 50
Clay, sandy, red, with included grains of caliche ------ 10 60
dLay, sandy red, becoming sandier toward ——— 10 70

Clay, sandy, tan, with thin stratum of caliche at

T0 feet —m-=m=cacememecsscecmase—n= cemmmmmmmmee 10 80

Sand, very fine- to coarse-grained, with minor amount

of caliche and clay -=--- ———— - c———— 5 85

Sand, medium- to very coarse-grained --- —-— 10 95

Clay, sandy, tan, with some caliche and very coarse-

grained sand ~-eccacccsccccccccccea- - - 7 102
Clay, silty, red -e--cemew-- -----—----~------------—é----‘ 3 105
Silt, silty clay or clayey ee=vesceccacca- e ma e ————- 10 115
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field -~ Continued

Test well 7 (17,9,25.324) - Continued ot ks
Material Thz;tfess ?gz;h

Clay, and very cosrse-grained sand or very small gravel,

mostly of limestone. Clay is very silty from 125 to

135 feet ~meccccmcccvcnnancncnnrccaccncncaccnncanccneaee 20 135
Clay, soft, silty, tan, with very small gravel e~weseesee- 20 155
Clay, firm, tan, with mich very small gravel in some ... .

ZONES ==c=e=w S — S S S Lo 165
Clsy, sandy, tan, and caliche ~e=veccccrcrmecnccocmnccccess 10 175
Clay, sandy to silty, red and tan; caliche; and some

very small gravel ;----- ----------- . R [ o 185
Clay, slightly sandy, with some gravel and caliche

(Stratum of caliche from 1904 to 191 feet) =-ewecmmcecem 10 195
Clay, red to red-brown, and large smounts of caliche,

elther as gramiles or as thin strate 1 to 2 inches

thick. Minor amount of gravel and little or no sand =-- 75 265
Clay, red-brown; with less caliche than from 195 to

265 feet memmmmemmcmcmcmeecccec e eceecce e ccecnennnaee 50 295
Clay, light red-brown, with minor amount of caliche wew-=e= 10 305
Clay, red, and caliche. Some of clay very compact

and brittle --;---—------------—----------------------- 20 325
Clay, firm, red and brown ----=- e e D e L e L L LT L [0 335
Clay, brown, with some sand and véry small gravel; less

gravel toward bottom --=-- e ere e, ———-——————— wemmencnae 20 355
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Table 1l4.--Logs of wells and test wells .drilled in 1954 and 1955 in

vicinity' of Boles well field - Continued

Test well 7 (17.9.25.324) - Concluded /7 07955
. Thickness Depth
Material (ft) (ft)
Clay, sandy or silty, red and gray - 30 385

Clay, sandy or silty, red to brown and gray, with minor

amount of gravel and caliche. Nearly all clays in last

40 to SO feet sppear partly to dissolve into the drilling

MU eemeccccermccc e e nn———a e — o ————————— 40 hos
Clay, slightly sandy, tan, which appears to dissolve

into the drilling mud =-------- ——————— cemmeemoae 66 ko1

Clay, dense, hard, red, and sand e—-eeceececcccccacea ——— 26 517
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Table 14.--Logs of wells _and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 11 (17.9.25.444) _ ‘5 ol 5%
Material m%ﬁf“’ D?gtﬂ)l
Clay, firm, tan ,' becoming softer toward bottom —-eeceea 20 20
Clay, soft, silty, tan, with minor amount of gravel -- 10 30
Clay, firm, tan, with some silt or sand near top =====- 10 4o
Clay, slightly sandy, tan ee=we-- —— -— 10 50
Clay, sandy, tan, intercalated with thin strata of
very fine-grained sand. Partial loss of circulation
when 60 feet reached e-=mmeceee= c—mmmm———— - 10 60
Clay, slightly silty, tan, containing yellow-brown spots 20 80
Clay, slightly gritty, red-brown w--ewecececccaa. e ———— 35 115
Clay, red-brown, with some caliche =~cewemceccawaccae - 5 120
Clay, soft, tan to brown, with some caliche ~-=ec-waa=xa 10 130
Clay, soft, silty, brown, and caliche eweremceccee- ———— 22 152
Clay, silty and silt eece~ceca-- cemmemccnmenn e —————— 8 160
Claey, silty, and caliche; clay became red at about
260 feet mwmcmcccsccacccmccaccamcccccmcnnaae—— ————— 17 307
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 4 (17.9.26.431)

Material Thi%?ﬁfss D??:?

S01l, tan —esceccccccmcccencnmccnc e e e s e ———— 3 3
Clay with large amount of caliche [ T 10
Clay, red; sandy near top and becoming full of caliche

at about 15 feet w-w-ecew- - ———— 13 23
Caliche, gray clay, and crystalline gypsull =emecee=e== 5 28
Clay, red and gray e-~eceacc-o- B T T 2 30
Sand, very fine~grained =-~w-—e=e«- -—————— - ————— 2 32
Clay, red, becoming very sandy at 39 feet w-w-memeema- 8 Lo
Clay and sand =eeewee=- e m—————————— PN N —— ————— 1 41
Sand, very fine-grained, and minor amount of caliche -- 2 k3
Sand, very fine- to flne-grained, becoming clayey

toward bottom wew--- - e e e 0 e 0 e e o e e T 50
Sand, with minor amount of clay =-mmee= e ccmm——————— - 1 51
Clay, soft, red-brown and white; very sandy at top

and grading dowmward to a gritty clay at bottom —~e- 9 60
Clay, sandy, with large amount of very f‘ine-grained sand 5 65
Clay, gritty, red, containing grains of caliche or

very small gravel, and becoming redder and more

compact toward botton ev-mccccncccmcccncnecccosnecncaan 12 7
Clay, sandy, tan eeececcccccccecccccmacnecccnaancnenen 4 81
Clay, red, intercalated with strata of very hard

sandy caliche =-==e== o o e 0 0 2 B o 5‘ 86
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Test well 4 (17.9.26.431) - Concluded 200t 5y
. Thickness Depth
Material (£t) (£t)

Sand, clayey, and caliche, with a hard stratum at

89 feet ~wmmmcese - - 5 o1
Clay, soft, sandy, and very small gravel ——— 3 oL
Clay, compact, gritty, red e-ewewe--- e et 1 95
Clay, soft, sandy ----- Commmm— —————————— et menm———————— 3 98
Clay, soft, gritty, red e-eeccccececmmcccccrccccncnncceenes 12 110
Clay, sandy, and sand e-e-eecccececeoo ————— - 10 | 120
Clay, sandy, white --=--esceeccccececcaconna- memecmmnmeceeee 10 130
Clay, sandy, white, grading downward into very sandy,

red-brown clay e-ceseccececcacee- B e R [ 140
Clay, firm, red -e~escecccecmcan-o. ——memmecaceeeme————— ——— 2 %2
Clay, soft, slightly gritty, brown, becoming very gritty

toward bottom se-eccecccmcccccnccccnccnccea R SpR——— 8 150
Clay, soft, brown, with very small gravel, flne-grained

sand and a few thin strata of caliche-cemented sand e==ee== 9 159
Clay, soft, gritty, brown e-eecececccecee. - 4 163
Clay, soft, gritty, red and white =~ B e 2 165
Clay, firm, brown, with much small grav;el S —— (R 2 167
Clay, soft, gritty, brown, becoming very gritty and sticky

from 170 to 180 feet and very soft from 185 to 187 feet - 23 190
Cley, soft, gritty, browvn and white «-eccecwe-- e ————— - 10 200
Clay, moderately firm, red-brown e-==-- mmmeeeeam—————————— 9 209
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Table l4.--Logs of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field ~ Continued

Tegt well 20 (17.9.36.414)

. -2/4-569

Material Thi?;‘;’ss 5?;5

Soll, silty, clayey =~=e—w--- rm - ————————— 5 5
Clay, red =esmcacccccccccccvonwomes 22, 27
Clay, silty, brown e-e-ecsaceccoccaas . 3 30
Clay, silty, brown, and caliche, with white clay near

POLEOM =eccmcccmccmccccannaccccncncnansnca s nccanees 10 4o
Clay, white, and caliche =ecesmccaceca e m . ————————————— 6 46
Caliche, hard ee-ee-—-- crm——————— cemesmesressnensenenonene ] 4
Clay, white, and caliche ewcmcccccwccea- e m— - -—————-—-——— 3 50
Sand, and sandy red and white clay ====ccccceccaccccacaaa- 6 56
Clay, firm, red e-e-ee=ce-- - - ——————— 4 60
Clay, sandy, red «eececmccceemcccccccccancaea 5 65
Clay, sandy, red, and caliche e~-ceccmmmcaa- mmcemcceanceae 35 100
Clay, sandy, red, and calliche; sandier near bottom;with

some very small black gravel e--ceomewe- cemenccsnwmeneee= 10 110
Sand, sandy white clay, very small, black gravel

end minor amount of caliche === ——— 10 120
Clay, sandy, red, with some black gravel and minor amount

of caliche ««we—=- - o e 0 e e e ‘ - 10 130
Clay, red; caliche; minor amount of gravel; and some thin

strata of sand eewecccmcccccacas - e e 0 0 0 e 0 0 e 20 150
Clay, sandy, red; some thin strata of sand; and minor

amount of caliche =~-w=weemena et T PR . 10 160



Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field = Continued

Test well 20 (17.9.36.414)- Concluded oZJC%S‘?‘
; Thickness  Depth
Material (£t) (ft)

Clay, red, very sandy in some zones, with thin, hard strata

of caliche at 166 and 168 feet e=~-eccememccecmccncmeess' 10 170
Clay, red, 50 percent; and caliche, 50 percent eewwewwe=ws 10 ‘ 180A
Clay, silty, brown, and caliche, becoming somewhat sandy

toward bottom eveewec.- e rmec e e ———— o e e 0 0 0 o e e - 30 210
Clay, sandy, red, intercalated with thin strata of medium=

to coarse-grained sand and caliche, with minor amount of

gravel near bottolm ew-~ca<-e- c————— 2 e e e 20 230
Clay, red-brown, and caliche with thin stratum of caliche

at 243 feet mmmmm=mea- e cemmemecmmmem——an 60 290

Clay, red-brown es-c—cemcccaccces- e L N (V) 300
Clay, red-brown, with caliche and minor amount of

black gravel =-=meme-mms-ee-c--ce—-- cmmmmemmem—cm————— 12 312
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Table 14.--Logs of wells-and test wells drilled inm 1954 and 1955 in

vicinity of Boles well field - Continued

i ——————

State Engineer Alamogordo well, 1930 (16.9.8.432)

23 /3

Thickness

Msterial

(£t)

Depth
(£t)

&il - S WS AR W Al 4 g D GE TS TS R A v R G S D SR SR G5 G % WS AP G BN G5 HR WS TS AR G S 40 Gl TR VD B G5 e 95w U W oy
Gw A G S DA S WS WD WS N D S R D D D e WP AS BN G S s G e TP G G T M NP NS B W WD U G NS S G SN W VD GD WD W My 4P & an
Red clay =vmeececocccencccaa-= —e—mem———— —emm——— emeeenc——-

Water-bearing gyp. 30 Pl ~=wwmermccccccccccccccecccnceee-

Grayishered clay eeeeeeceecco-- memmmemme s eme——————

G:rp "D e B S D WD W - - - - E L e L - A =S - GO s 2 W G ST G 4B W WD B @D das

Red clay and gyp e-==meeccccccecccccccccccceccenas e —eeen———

Gyp L T L T P T - - - " W D e St 4 > En em e -

Red clay and gyp emwmeccceccccceccececn=- - o o e e e 00 2 o o

1

1
61
2

132

146

177

1
2
63
65
197
199
345
348
525
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Table 1l4.--Logs of wells_.and test wells drilled in 1954 and 1955 in

vicinity of Beles well field - Continued

Well 16.9.23.240 -?‘Nﬂo‘?‘ .

Thickness  Depth
(£t) (%)

Materisl

1o [ — 3 3

Red €lay  ==—=c-emce—e—mccm———s - 15 18

Gray clay =—=eememccccccana- ——————— ————— L 22

Red CIay, and Vater EX T T badndadaded el Aot adad o PO B o e B e S W G At B P D S S G e W 1].0 62
Red clay, gravel and water —---e-= ————————— e e o ——— 8 70
Red Clay ----------------------------- - B s T e Y S S o b > > v 15 83

Red clay and gravel =-==—eemme=- ———— —e—————— 8 9

Gray clay =-=-=-ees-ac-- e et 7 8

Red clay, gravel, and water —---eeccecea-- ———— - 16 114

Red clay, gravel, and sOme Sand =-m~-esecsmcsscccemccacem-=- 13 127

Red clay and water --wee--- —————— mmeemeee e —————————————— - 15 12

Red clay and gravel e--ceccmeccccaccceccoocecccccecseee———- 9 151

Pea gravel and water e--~-eamcce~ce - —————————— 9 160

GIEY ClaY =mmemmmem-ss—e=cemcesmeeeseeeseceseseseseeeee= 13 173

Red Clay meewsemesmceecscesmsessee—————- — ———— 1 174

Gray clay e=ewecccccmcccmccecrccccesse—en——- —————————————— 28 202

Red Clay e=emeccmmccncccncocccancnancrencaansonenn—eeernne O 210
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Table 1l4.--Logs .of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field.- Continued

Fig. 11, WSP 343 well 16,9,26,210

25454

Material

~ Thickness  Depth

(££) (£t)
Red clay we=-=- - - - 15 15
GYpSulll eece-ceccswanncccnccvene 5 20
Stratified red clay and claystone e~ee-esccccccceceaccoceces 71 91
Red clay and gravel ~eececccececece- ———wm—— wm= 35 126
Limerock =- R S . - -—- 6 132
Yellow clay and claystone eeeemccececea- O — -- 80 212
Red clay wr=e=eereccccccccceccencene- - 25 237
Sticky red clay e=~--- T ) 306
Red clay =e==mececereccacccaca- —eennce—n _—— 152 458
Yellow clay e mmmcmemmeccecscemememmenemaemenenanans 10 468
Red clay =-- ———— ——— - 6 W7k
Blue clay eecoccccccae- - o 2 00 e 0 e 8 e i 9 483
Yellow clay e--emecemccccccnce- ——memeee 20 503
"Clayey materigl" ~ececmceaccescaccmas - 501 1,004
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Table 14.~~Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

.2(3{55

Yew Mexico School for Visually Handicapped well 16.10.18.241

Material -Th%fge“ De(g?
Soil meecwcmcew- a ————— 5 5
Red sandy clay =---=-=- -- ——————— 35 o)
Gravel, gyppy Water -ememe-cemcccccma- - - 5 I
Red sandy clay e=-csceccecccccee- — - - 38 80
Sand, water eece-ececccccane- cemmer e e —————————— 3 83
Red sandy clay e~e==-- ———————— N 29 112
Gravel, water ----- ————m——- ———eme——— ——————— ————————— 1 113
Red sandy clay =-==ececaccecccccccceccenccccncecanenaes 3 116"
Gravel, water e~--w-- - - - ———— 1 117
Sand e-ececvmccmcoccecmacanan e 2 19
Clay =-m==m=m--- memmmmmmmememm——————— 1 120
Coarse, water-bearing gravel w-e=== ——— - 8 128

235



Table 14.--Logs of wells. and test wells drilled in 1954 and 1955 in

vicinity of: Boles well field - Continued

City of Alamogordo test well No. 2, 1945 (16.10.33.340)
Thickness Depth

Material

(£t) (£t)
Gravel and boulders =-=eemws=cace-- 29 29
BOUldErsS weeescemcoccmecccccccmnceocecne— - 11 4o
Boulders and gravel e=emeeccmccccccee=- - — 80 120
Boulders =eesccsrcacceca-s cemccsscmccnccm e e — . ——.——— 20 kR Ts)
Boulders and gravel ececeacmecccccccccccce- —— 32 172
Boulders and layers of clay e====-=- mmmm e e —————— 38 210
Boulders and layers of clay and gravel -ew=ee=-- ————— 28 238
Boulders and layers of clay e-====-- cemmcrmemsmc—am———— 32 270
Boulders and clay =e~e===c- e ————————————. - ————— [ 276
SANd ~eememmeeecesememe—- - - 5 281
Boulders, clay, and gravel e-eeececcccccccccccace- ————— 34 315
Sand ~=m-- ———— ———— c—————— —————— - 13 328
Rock ~mecmccccccnaa ccemenm- ememmcnemcn et ————— e 10 338
Sand, boulders, and layers of clay and boulders ~-eee- 25 363
Boulders and layers of clay ~-==- - e e 0 2 2 e e 0 29 302
Sand, gravel, boulders, and layers of clay ==eeecae-ea 29 ol
Hard boulders cew—ceccccecccncscacces —————— ——————— wemmon 16 437
Boulders and Clay ~ee=ecceccccccccccccccccccveccsecacen 4 478
Boulders and lasyers of ?1ay B e T e m———-—— ————— 25 503
Boulders and clay, partly soft =--eceeeececeee-- S, 24 527
Boulders and clay e--eveeee-= cevm—me————— cmm s ————— 31 558
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Table 14.--Logs of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continyed.

=3 aﬂs b
City of Alamogordo test well No. 2, 1945_516.10.33.3ﬁ9) ~ Con,
Material ‘Ih:}.;}aless D‘zpfgl
Rock, boulders and layers of clay e-==ceccecccaccccee- 15 573
Hard rock =eee=- ——e———— . S — ——— 10 583
Boulders e-s==ceceee- e e —————— ————— 1 584
Rock, boulders, and layers of clay e==-= PR — ———— 8 592
Clay boulders ==e=sc--w- - ——————————— 6 598
T e ——memeomeoe L7 645
Boulders ==ewmve=-- T e tata ————————— ————— 3 648
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Table 14.--Logs. of wells and test wells dridled in 1954 and 1955 in

vicinity of Boles well field - Continued

Citv of Alamogordo test we N

Material

Thickness
(£t)

=715

Depth
{(£t)

. BOULErS ==eeemmecccecmecsccem—ee————— -

Boulders and soft layers e~-=ecea-a T

Bo‘ll]'ders - - e o e o o L T e Y Y

Boulders and sof't layers e-=e--cecccaceea- “—nem——————
Boulders =--e=eeeeceaeo-- ——mean—— et e m——————— —

Boulders &ﬂd Sand la.yers Lottt d o d ol el el Lo ad S B G5 N IS AP GD WS BB AP W W "

Boulders ewwrecmcevercecnwceccccccrcecnnutcnncccenene.
RoCk —ccvcmcccmcvwacecccanccncna mmcscerem e ——— -
Boﬁlders LT e — ———

Rock weveccesccnncnncnccnaveacaa ———— e g o e o

Rock and boulders ~e-meeemme=e-- S cm—————

BOULAErS —mememmeememee-ese———cee————————— ——rmo———-

Rock and DOULAErS ==emeeecee-mesccs-cescseeme—-———————

Boulders ==m=mmm= —————————— ——

Rocks and boulders e--wece-- et et e e n e - ——————

53
ok
1

2
102
65
25
8
2
139
25
31
62
25

53
T
78
80
182
247
272
280

ko1
Ll
475
537
562
64l
647
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Table 14.~-Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 33 (17.9.24.342)

39 aﬁ&‘f‘

Material

" Depth

Red clay P ——

Gmy clay O W WS AP S W S G S A e D R S S W W S 4D S N D OO WD A T A B S0 BB G S S e A

Gray lime rock -e=cwcwaa -— - i o 0 o e 0 2 o

Gl‘ay Clay bl adad - - Y 5 on En wn v OB W G0 G0 NP W 0 an-

Red Clay "“"“ ----- - an e e v ™ - S S B WD 0 4 WS U WS TR W Gt G S G S D D S T G W MU S T A WD W

Red clay and gravel. Water at 70 feet ememcrecamccecw-

GI‘ay cJ.ay TP N WY D WP S WP T G AR G WD D e B B GP B G ID WP D SN T GO Ge AD G OP dn I G5 OB W Ok G G W

Sand and clay ==-e=e=--ce-me-ee——- - emmmmm————

Clay, sand and gravel e=~eececeea- ———e——— ————

Sand =m—me- - -

c]ay - TR A W G N VD G SR S W G R e G SR S WP W WP N S en Y - e an e aw - ws s A - DGR R D WP e Y e
Hard, lumpy ClaY «=r=cecccccecccccccccemcccceccsceemee-"

Red and gray clay =-e—ececceccee- S -

cmy and gI‘a'V'e.l Ldadad ot ol ol d el ol ol g - - - P

Red cl&y G € WY S S D YRGS B G A D TS S S W D Sy G D A S N G D WD

18
30
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33

8
18
26
27
34
52
82
89
97

120
129
135
1k2
189
198
231

Iy
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Table 14.--Logs of wells-.and test wells drilled in 1954 and 1955 45

vicinity of Boles well field - Continued .
3‘)o%i5ﬁf

Holloman Air Force Base Swimming Pool well (17.8.13.311)
Thickness Depth

Material (£1) (££)
Gypsum rock -~ - 20 20
Red clay =emenm- _— w3
Sand, briny water «-- - - 1 35
Red clay =eccccecccacccacmaccnaa - ——- .28 63
Sand, briny water eeeecececcecce- -- - -—— L 67
Red clay e=m=ecemceme= —————— cmccmmn————— ———— 36 103
Sand, briny water e--eccocccccccencccanncccccrccccnaae 10 113
Red Clay =memmcemccmccccmcncrcacecccmnccamsnanen——n— 1 114
Sand, briny water e-- ———— ———— ——— 1 115
Red Clay me=mmemcccmmcemana- cemeneeemmtn e ——————— 45 160
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Table l4.--Logs of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

_City of Alamogordo test well 1, 1953 (17,9.25,112) 3-72/511

Thickness Depth

Material (£) (£t)

S0il e=mwme- - - ———— 10 10
Gray clay -- —— - -- 40 50
Red clay ==-m===ce-—=em=ncomn- . S —— 5 ' 55
- Brown clay =e-eeecccccecu- - cemcmam——n— 10 65
Brown clay, gravel, and water e---- - 15 80
Red Clay =~emewemccccccmccecccccccmcrcnrencerenenaena-" 5 85
Red clay, sand, gravel, and water -=-- —-— - '30 115
Light-gray clay, some gravel, and water e~=c-ccccec-ee 22 137
Caliche omcecccomcoccmmcncccccccramecenne= 1 %58
Light-gray clay, and water «-- - e ——— 17 155
Red clay, and water --- -— . 10 165
Light-gray clay, and water --cececececccaccocccccnncnc=- 12 177
Red clay O — 7 18k
Brown clay e-eescccescccmeccamemen—= R —— ——eee= 30 214
Gray clay em=emce-me=- -—- - - 6 220
Red Clay wes=smevesccccmccemmcamcccscemcmece———————————— 8 228

Gray clay and some sand --=m-=- e c—mm—— ,mmeene——— - 12 240

Pale-red clay =---=- R S 10 250
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Table 14.--Logs of wells and test wells drilled im 1954 and 1955 in

vicinity of Boles well field’ - Continued’

City of Alamogordo test well No. 2, 1953 .£.17'9'25'132,l*330'£5‘"
Thickness Depth

Material

(£1) (£)
Soil ~wmeewecoce—- — ———— ———— 4 L
| Gray clay e=ecmesecsscccccccccmacsncsncsa s e m s a——— 31 35
Gray clay and some Sand e—ecccecrcmcccccccccccnoccenee 32 67
Gray clay, sand, and water ---w-c--- cemmcennc e ———-— 58 125
Brown clay, and water e-ece-~- —————— PR — 15 140
Pale-gray Clay =me=e=ee-ccemccmaem-== ——m———em—ace— ———— 22 162
Pale-red clay, and water e--=ssceccccccccccccvcnavmac= 11 173
Light-gray clay =====es-ee---- wemmmmccmmesaccecccas———— L 217
Red clay, gravel, and water e--eceeccece-a- - J— 28 245
Gray clay and some sand =----- ——— —emmemcemcce - 5 250
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Table 14.--Logs of wells -and test wells drilled in 1954 and 1955 in

vicinity of Boles well field.- Comtinued

Boles well 16 (17.9.25.222) T 3‘9_"7?.-3;‘

Material (o D?gb)
S01]l e=ecacccccncnnecrncrnc e 10 10
Red clay and small gravel, first water at 78 feet ==me- . 68 78
Pine sand and red clay, very soft e-ccecececccccccacnca. 34 112
Red clay, and gravel, mixed eeecececceceaa - - 68 180
Clay, and sand, mixed e=eeeccceccacces - T 187
Red clay ~emwmccma- B R T e e e e 13 200
Brown sand e--vescecccmcee-e ———————— T S, 6 206
Red clay =w-eceea-- R —_— R Sy~ ) 226
Gray clay, and gravel, mixed =-=ecee- S ——— 15 21
Red clay eememce-c-- mecesssecmacncnmaca e ——— R — 20 261
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Table 1l4.--Logs of wells-and test wells drilled in 1954 and 1955 1in

vicinity of Boles well field - Continued

City of Alamogordo Production well No

Material

Thickness
(£t)

35 ol 52

Depth
(£t)

Caliche e=ecccceccnccccecccnccnccas -——— -— -
Sandy clay, and gravel e=e-eeescececcmcsscccessesmncace
BOUlJETS =wromwccecrcrcrencccenrrennecn e cene - no--
Sandy clay e~~=coccscccccacoan e L e
Sand and gravel. First water =~---- S
Clay e~cocmeccc=- e D L Lt TN L e
Boulders e~e~wecscccccccecccecsccoens JURP - -
*Soft clay weeeocw- e cecemercserrce e ———— -
Gravel and boulder wececcececccccccccemncnccrccnncennns

Clay e-cecccmnccocwc-- e S L cemcccnmacn- —————

Gra’v’el L T T L e P T P Y Y P P LR Y L R T X L

G-ravel N L e T T T T T T P L DL L L L L L U L T

Clay =-==-==- ————— cmmmmmnaa R —

CJBY and small Stre&ks Of Sand and gravel - - o w o w - - o -

Clay ~e=vveccmcece- reenencn - L LI E L S L S it
Gravel eeccmeccaa- L e L L L e e e DL L L L L 2
Clay eemcecccceccccccncccccccnmccrncccermcre e ——en-
Gravel ee-o--- mmeme—- L L e L it DL L L
Hard clay e~=ccecccccenccaccncccccnnonccnnanns cemeacn=

Boulders eeeeecsmsccccccemcenmccccnccnnnan cemmcmcecn——-

Clay ==ececmsmcceccmreccnccr e e e s e e —————

Gravel. Lost mid e=~=esccccceccceas et .———————

28
22

3
38

&=

1

28

17
16

::O\\.N\)l

n

-3

28

50

53

91

95
107
111
132
135
183
185
199
202
230
2l
263
266
269
275
286
288
290
297
298




Table 14.--Logs of wells-and test wells drilled In 1954 and 1955 4p

vicinity of Boles well field - Continued

Fcolsy

City of Alamogordo Production well No. 2, 1954 (17.9.35.444)

Material

Thickness
(£t)

Depth
(£t)

Caliche emccccmcwcccnccmcnccnccccacrc e e cwrcncan -
Clay and chalk YOCK eewmccecmceccccccencnrcncnnccnene=
Soft clay and some gravel ~-cemccccasccceccnscmcceese~e
Clay and small boulders «w---- - o ot o o o e 0 v e v
HFft clay and strata of caliche ==-w=-= meememcccnmc————
Boulders «-emmemccccecsccccecncoacnnan [ ———

Bard clay eee----e=-e- cmmmmm—m————- —emmmmmmmem————————-

va'el P S Y P D P TP R A T P YR A WP SR D s GRS AT D D D D T R S G D an W @ G A G W

Clay ===m==n- S — -

Clay ewmcmccnccccccacqcrmcrcrencacanne - —-
Gravel eecccecccccecncncccccescncncon- e —————————
Clay cwmremcccrmucoccnccenncncocnsns et L L
Sand ee-scrccesccceocmaea e o 0 2 e

clay - O oo v - - - - - - o
Coarse gravel and boulders ewccescccmmecrccccvncecanacs

clay LU E L T L DL DL DL LU P Pl L L D P L DL L U Dy L L L 1 3

GrAVEL =memrmeeecccemccceceseecseeemecm=——————————————

Clay =~

Gravel D e D TP D D G TS n W D U G W e W e D D P D W G WD > W D A e > - o Y S

----------------- T D A R AP A OV Y YT D D GV TP AP W A DAL G WS STk YDA G AR
N s

b
%
22

"
21

2
19

1

27
6
9
7
7
1

a7
V13
39
7
b

23

4
18

14
120
129
136
143
14h
171
184
223
230
274
297

245



Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

State Engineers' Valmont test hole, 1930 (17.9.36.120) 370{5

; ~ Thickness  Depth

10T B OSSR — - 3 3

Sandy brown clgy e==me-eee~a- - 0 0 0 2t 20 57 60

Gyp, with water under it at 5 gpm === - 2 62
Sandy clay =-=-=-=cescamcacacocaa- e m————— - 23 85
Red clay ewecccsccwcaccccaccccae- B 5 0
Water sand. 50 gpm ewececccncccccew - -— - 5 g5
Red clay -==-- R c—memmamm———- - 53 148

GYD Shell ==mecemaceccmmememe- m—————— S 2 150

Red clay =eme===-- mm—mem———————— emmmm e —————————— 30 180

Gyp:shell w~w-- ———- - - - 5 185

Red ClAY ==e=meecemecccccecccccomesecceee————————————— 30 215

Gyp. Water at 10 gpm «eeee-- ———n—- . 10 225

Red clay and gyp e=e=ecccccccccaacaca.- R RO 5 300

Blue Clay =meme=e=mceccecscecccccc—-e———— ———————— 10 310

Gray clay =m=meemmceecmecemcec—-e-- .- — 50 360

Red ClaY =ewwecmemcceecsscesecseeeseeee——— cm—m—— . b2 hoo
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Table l4.--Logs of wells .and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 8 (17.10.18.343) _ 35 ods4
Material Thi(ftch)@ess ng:?
Sandy loam —— e L S 13 13
Sand and clay eeme-e—esc=esesss-==-—-- - 39 52
Sandy clay‘ cemmmemcrteceeee e m s e e s e e et e —————— 148 200
ClaY =m=emmmemseccmccmcesamcceseccecemesecaseceas—e—- 62 262
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Table 14.--Logs of wells-and test wells drilled in 1954 and 1955 44

vicinity of Boles well .field.- Continued

Boles well 3 (17.10.18.424) 39945y
Material Th’f;lé?ess D‘?gt;‘
Sandy logll eeecceccecens -——— 11 11
Hardpan clay =-- s et an————————— 33 bh
Clay with trace of sand, trace of moisture at 54 feet - 55 99
S0lid blue limestone =w-==weceee-- ———— S T 106
Coarse sand with large gravel =eeewe=- ——- 9 115
Sandy clay ~-=mewmecaw- L e —————————————— 10 125
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Table 1l4.--Logs of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 28 (17.10.18.432a) — %o viss

Material (;t)ess D?gt)
Clay e=emccccmcccoccccaccnrceracecmccccecncncncncneane 10 10
Clay and sand rock ewe= c——— ———— - 10 30
Pine sand e-e-=ecccccacecncae U 10 40
Sand end lime stresks ~eecceccccccacaca. cemcccncenmee— 10 50
Sandy clay ee—ecccccccacrmecc- B ettt - ——— 20 70
Sand and clay ~-ece-cec=- L e m—memcemcmcem—aa- - 20 90
Sand and sticky clay -~ee-cccacecaaao ——————— e —— 10 100
Sand and some clay =we=-== ——————— T 30 130
Sand and lime ecsccscermcmccccccaccercccanrccncancancan- 10 140

Sand =eeseccmacecccssccccnannan- cmmm————— cmmemeenn——— -
Send and bard gravel e~eecceccccccccmcaaa -————
"Shells" and shale =-e~-m=sece=- cemmmmemee————————
Sandy clay and shale «e-ccme--- B [ ——
Fine sand, clay and shale e--=eecc=ccccenccccano—-n cnnnn

Streaks of sand; clay and shale eweeececccecccccccncens

Lime SheJ-ls, c:lay, and Sandy Smle S TD AR an W M D AR GBS BS GU WP SR B WS IP W

Broken lime shells, sand, and clay ~e=ee-- -—

Sand, broken clay and shale eeeemceccescoean .——————————
Broken lime shelis and clay e-e-cccemccceea= et
Herd, sharp lime shells ~e=mevenm= —mmmmem———————————

&-ells, Clay, am Stre&ks Of Shale SR s AP A TR Gb WD UL WD 4D GO OB W G W OV WR T

30
3
5

10
10
10
10
10

10

13

170
175

150
200
210
220
230
240
245
247
260

249



Table l4.--Logs of wells.and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 6 (17.10.18.433) w ol 5%

~Thickneses  Depth
Material (ﬁl (ft)

Clay loam we=w=-- - - -— - SR 6 6
Clay hardpall ===eeececccccccccccccccccencncercceeaceas 6 12
Clay with trace of sand e=-ce=-- . . 10 22
Sand and gravel e-ceccswecceeoa- ——————— - 2 24
Clay -=--- e s o e e o e 10 34
Sand and gravel «-~eas-ewc--- ————— —————eeea— rm——amam—- 2 36

Clay =mws=meme=esecceeccmecem-—e- e e e ———— 6

Sand and gravel emm-=-- SO O 2

he
L
Clay ==mmeecccesccscmcmcccmccccmacemcccmmcemcece—a———— 22 66
%8

Sandy clay e=—-mcccccce-- e —————— ————— - 32
Fine sand with very little water. Water level at
89 feet —cemmmacccmcccacaaaas ————————————————-——— 26 124

Sandy clay ===e-- —————— O — . -— 24 148

Iarge Cl&y( ? "'---.’---’---'-----------“ --------- - o w v an 2 lso

Sandy clay =------sssmmenememcoomas - 25 175

RS — 53 228
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 26 (17.10.18,4422)

420l 5y

Material

Thickness
(£t)

Depth
(£1)

Clay -

ShEle wmecemsemcsccesesessceeseeese=~a-

Clay and gravel =e-emccecceccccccccccccccacccccncncne

Sand and Clay s~memeeccccemccccccccccccccceccccnccee——e—
Clay and sand e~e-eescccccccecccccccce- —————— mmmmm—e e
Shale, clay, and Sa0d =emememcecemecmecececcesceae———

Clay ~=meeme=-- S cmmmememe——————— -

Sandy shale and SANd ~==em-emeesececcceccceccceesec——-

&ale am Sa.nd "'--"-";--'-O—--- - s vm se i wrw D Gp 0
&&le and- Sandy cJ.ay hadad ol d o d ol g D S5 b @ HD-UD AD UR 4D AP NI QY R AD 40 ED TV G5 S IR U5 OB M U N .
&]ale’ Shells 2 &nd. Clay L Rkl Rl el LY L T Ty Y L L

Shale and shells e«-wecceccaec.. ———— ——mmmecece- ——————

Sand streasks, shale, and shells eece-seec--

Lime shells, shale, and clay =--- ————— cem——

Sand, some gravel and lime shells e=w<e- e anee—-———-

Shale and gravel eecececccccccccccccccccmcmmneccacseenne

10
20
30
10
10
10
10
10
10
10
10
20
10

10

&

10

10
30
60
T0
80
90
100
110
120
130
140
160

170

222
23k
2ho

250

251



Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field ~ Continued

Boles well 10 (17.10.19.121a) _ 6‘3@0_5 &
Material Ih%g;“’ss D?Pfgl
Sandy loam =ee-e-cecescccnecmaea- ——————— ——— 8 8
Clay =~==-==e=scame= S 95 103
Fine sand and gravel. Water level at 80 feet =mweewm-e - 9 112
Sandy clay(?) eemeeeeccccmcceceaceacaaaa- N - 28 1ko
Shale emececmcccmccmcacsacncccccnmcocrcmenonnas vm—— 6 146
Clay oo ———— —emcmana - 19 165
Fine 88Nd e-eccveccnucmcnacrccnccccnccec v nccanccean——— 10 175
ClaY wemwemmccccmccccccmccca e e e, e e —-————— 85 260
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 11 (17,10,19,121b) Sl i

“Tpickness  Depth

Material (£t) (£t)
Sandy loam crncmen- 9 9
Clay --mme=cmm—am % 102
Water-bearing formation (sand?). Water level at
& feet == ————— emecenecncne e ————— 3 105
Clay =--- — S 35 ho
Shale -mmmcmmces S R -- 4 14k
Clay =~-- . meememecem e ———— ————— 27h 418
Gravel eececccesca-s —emmnme———— ceecmscsancncemeen——— 4 o2
Clay ~ecmcmeccmcmccccccmcmcncacmemaaceeraencne—————— 148 570

253



Table 1l4.--Logs of wells—and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 7 (17.10.19.132) _ #5 ol 5y

Material Thj(.;gze_ss D‘é’%‘
Sendy loam =-sescsececmccecenann- - 8 8

Clay hardpen es=ceceecceccccscecccccocccecececeneenn——- 1 19
Clay with trace of sand ~«wecccccncaccccncncaccccccnas 11 -30
Clay ememccmccmmccccamcmcccncmcn e~ ——————————— 18 48
Sandy clay e~=ceswcecce-- -—— ———— - - 22 7O
Shale ~-m-cmcmececseceicccccnccccccacacne——— cmemmmneae— 4 T
Clay =mmemcecmcmcc—cscsmem—cansecescm—- S —————— 50 124
Shale =m=mermommmcscmecmmcmmemmeccecmcmesememse=masm—we - 11 135
Clay =em=smmcememececcmeecemeceecees-eesamemcosceesmeas 31 166
Gravel eec-ceemccecmccccmccccccccceeccmecccccscccns—a—— 3 169
[0 7, U U U S S - 8 177
Sand ~eemecccccmcceccaccccceceaoe- v meemeamcas—————— 3 180
Clay m=mmm==--n- e mmem— e e———— —————— --- 35 215
Shale ee=-cccmcccanaeaaa e e L e 5 220
ClBY =e—=mee==mcmeeccceseameemcecccemece——mee— e ————— 30 250
Shale =ecemecceccmcccmcoacncn e —an e -— 3 253
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Table 14.--Logs of wells and test wells drilled in 1954 and 1955 ip

vicinity of Boles well field - Continued .
Boles weil 5 (17.10,19.144) _ #cof 5o

Material T#i;§§ess D?gz?
Sandy loam ===ee-=cecceccce-- ————— meemeemeeceeccce e ——— N N
Hardpan clay we--e=-eccccsccmecccccccccceccceecceceee——— - 6 10
Clay and sand =e-=-cccmcmcomeccmccmccscccccmanenae——a- — 16 26
Sandy clay =es-=m-scecccemeseecoeaoe o ————— 26 52
Clay -===-me=-==-- B e wesmee- sesomma= 38 0

Water-bearing formation (sand?). Water level at

T3 feet wmmmmmaccccanaa- SR remmmemruaeee————— 6 )
Sandy clay e=e==eeeeemccesccceccccmcmecdccccecccaacoaoa- - 66 162
Water-bearing formation (sand?) =--=-eecccecccaceca-- —— 3 165
Sandy clay e----- —————— m——eeema- e L LT 17 182
Clay ===me=me=ecccccceccccenee-- —ecmmmaceen——-— ——————— 38 220
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Bales well field - Continued

Boles well 4 (17.10.19.214) _ wrodss

Material ﬂfn%cfléz)less D?ggl
Sandy logll e===wececcmcece-a emeneemen——— ———————————— - 13 13
Hardpan clay «~===e-= , e e T —————— —— 29 ho
Clay ee=ee=- e ——— e n e ——————————————————— -- 43 85
Sandy clay e=em==- mmemmeemcec————— —————————— B 26 111
Fine sand and small gravel. Water level at 86 feet ~—=- b 115
Sandy clagy =~===- —— e me ., —————————— ——————— ——emmm—— 104 219
Fine sand ===e--- ————— cemm e —————— R ———————— 3 222
Sandy clay ===m=s-=m=me=--- —————— cemmemme—ean—— m——————— 93 315
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 27 (17.10.19.321) N X XN

Material Thi((:l;:;ss Dez(r;ltx)

Soil e-m=-a- --- S O— 5 5
Brown clay eme-=e- - 15 20
Brown clay with streak of embedded gravel =e==ascceccccccwvee~ 10 30
Brovn Clay =e=-emcscccccecccecccmcaccasceccececscen—e———" 10 4o

Brovn clay with embedded gravel; struck water at

90 feet =m--mmmm-mmmmmmmece—aa———- - —— 5 115
Very fine, silty sand. Water level at 80 feet ~—=em=—e 5 120
Silty clay with embedded gravel ==-=cesecccceccceca-a ——— 10 130
Silty clay, clay lumps and embedded gravel =we=e-ewee=- 10 140
Not logged e==cemwca- 0 e e e e e e e e e 10 150
Silty clay with embedded gravel and Sand ~e~esesecemes 10 160
Silty clay with embedded sand. Well caving ==-=- ————— 10 170
Clay with embedded gravel =--=-=e-=a- —emeecmmecanne——— 10 180
Clay and fine sand. Water level at 78 feet weccecmna- 10 190
Clay with embedded gravel e-e—eccecceeew 10 200
Silty clay with sand and gravel —————— 10 210
Silty clay with sand, gravel, and sandstone ee-ecece-- 10 220
Silty clay with streaks of sand mmmemmman —— 10 230

Silty clay with embedded sand and gravel. Water

level at 81 feet =mmme—mmmmmen-- S — 20 250
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Table 14.--Logs of wells-and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

_Boles well 30 (17.10.19.321a) S 7“7 ”ff_ é;

Material Gty D*(’gt.)

Seand and clay e--sec—a-- - - 10 10
Gravel and boulders e-=~e==-- 20 30
Sand, gravel, and clay e~--w-cccecmcca- ,emnn e, ————————- 20 50
Sand and €loy ee—cccecccacccmcnceconean ———— 30 8o
Sand, gravel, and shale ==e=<m=- —————— - e e a0 e o o s e 10 0
Snd  mmmmmemcmeemmeeen O S — 20 110
Saend and clay e~--~=cecccccccccacca - o o e e e e 10 ’ 120
Sand, clay, and gravel =-=-= - cemeen————— —————— Lo 160
Cley, shale and shells eew-meccccceccccmccmcecccnceccan 4o 200
Sandy clay ~—=ccwcomccccece—- ———— ——— ' - 10 210
Gravel, clay, and sand —---- ————— 10 220
‘Sand and ST U — - 20 2ko
Sendy clay e-me-e-ecscceccancceeo- 10 250
Gravel and sandy clay ~e--=e-= S — ———— 10 260
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Table 14.--Logs of wells- and test wells drilled in 1954 and 1955 in

vicinity of Boles well field - Continued

Boles well 29 (17.10.19.323)

So 0{,754‘

i e
S0il emmeccccmane~ - - 5 5
Brown clay se===e==ce--- ——————mem—— 45 50
Brown clay with embedded S8Nd =e=emcccccaccccccccceees 30 80
Silty clay with embedded Sa8nNd e-weeecmccccceccccccnccee= 50 130
Brown clay with embedded sand «---e-- ———— cecmcancaan 10 140
Silty clay with embedded sand e==vececcccacacs ———————— Lo 180
Brown clay with embedded sand - 20 200
Silty clay with embedded sand ===—-e-cececeee- ———— 60 260
Silty clay with streaks of white clay =-weemccccccnens 3 263
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Table l4.--Logs of wells and test wells drilled in 1954 and 1955 in

vicinity of Boles well fleld - Continued

Boles well field (17.10.19.323a)

5ralsy

Material

Thickness
(£t)

Depth
(£t)

Clay ===e==n- ---

Sand, boulders, and clay

Fine sand e~eeecccecaccreccnccrcccrenccncnmrarsneecneee

Clay and coarse S&nd eeweeeecemccccacecaa

&ndy Clay hdn e d ol e - an es - ovan o o -

Sand e-eeccecccccce-n- —————— e e ——esecomaa

Sandy clay =-==--se=me-eee-e- — ————

Sand - e e o S @ W @D S P A W e > - - - - - -

Sandy Clay ==-emecmecccccsmecmcmece-emccesesamea-—————

cj-ay a-m SMJ.e ‘‘‘‘‘ --"-. - o EL L D L D L

Clay and I'O'ugh ShellS D e G WD D P WD T T A WS W S WS GO G A GB UR  AD S Gy G e GO ay B e a0

Rough gravel, and sandy clay ~=swscccccrmcncccmcoacnc==

ClAY =mmmmme~meeemece-eeeee—————

10
10
10
10
30
L0
10
30
10
20
20
20
10

10

10
20
30
40
70
110
120
150
160
180
200
220
230
2ko
aks
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Table l4.--Logs of wells-and test wélls drilied in 1954 and 1955

. in vicinity of Boles well field - Continued

White Sands National Honument, Garton Well 1_(18.8.5.43;?_ 52 o‘f_\‘
Thickness Depth

Material (£5) (£4)
Valley £111, clay and gyp 783 783
Red sandstone =ecew-e-- - 1 797
Clay and ga;'psum -------- et LU L LR ———————————— 5 802
Limestone =-=-=-=s-=mcmame ————————— - - 19 81
Red 1lime ecececcmcccmccccnceoncecccccnecccacnncaanana—" 25 846
Hard, red lime ==scemcoccmcmccmcanecean ———rmmeecaa————— 12 858
Soft, green shale; gas pocket «-eeccwcmcnceccccncceccan 31 889
Open cavity; artesian water e-ee-cecccccmccccccccance- 3 82
Migsing e-ce=wa-a ——— —— - iO 02
Brown shale; show of oill and gas «ew--- ——— 5 907
Light, thin limes -- ———— R 2 909
Brown and greenish clays e==cwcccccccecaeas R — b 913
Red limestone; gas =~-=veew== ———eeem———— S — - 13 926
Hard, red limestone see-=cerccaceaccmec- - L 930
Limestone ee-eeccccccccacacenaccaaa —-— - 7 957
Red shale and thin lime ee-ceew- o 00 0 58 0 . 0 e 8 oLs
Hard lime eeecewe=mee- et mmem e c . ————— 7 952
Soft, brown shale; show of 01l -w-cccce-- T 1 953
Tough, gray shale =eceemcomccmcccemornecccmcncaneaneae 36 989
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Table l4.--Logs of wells.and test wells drilled in 1954 and 1955

in vicinity of Boles well field -~ Continued

Fig. 12; WSP 343 (18.9.14.200)

53 a7l5‘/

Material

Thickness  Depth

(£t)

(£t)

Red clayey material

L Y e e et e L ol

Sand and gravel
Red clayey material
Sand and gravel

Red clayey material

Red clayey material

Sand and gravel

----- - - . e w e o o Y Sn on " -
-y s G G e e e TGS AP GE Y S e PR O Ge G e - or s
------- o o e O e > S 4B U B TS P D T e S Y S S R AR S - -
----------------------------------
------ e G . G - G S YD e D W S . T e

T G $B A e A G S EY R S o -
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290
17
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10
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50
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85
160
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289
309
565
585
890
910
1,200
1,217

1,235
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Table 14.--Logs of wells.and test wells drilled in 1954 and 1955

in vicinity of Boles well field - Concluded

Well 18.10.6.234

5450l 5Y

Material Thfz;];;?ess E@g‘
Silt - e ————— 8 8
Boulders ===s--swmcccceccccncana~ ———————— - 7 15
Silt =memememecceemena- —————mmm——————— ——————— 80 95
Gravel and water ~-eweeew-c-- —————— eecmmmen e~ ——— ————— 5 100
Silt, gravel, sand, and water ecececcccccccecmccccoccee- 55 155
Clay and gravel --ee--ccowecccao-- S PR L0 195
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Jornada del Muerto Apollo site

(Reference:  Doty, 1963)

Geology and ground water occurrence

The Jornada del Muerto 1s a topographic basin whose southern
extremity, in which the Apollo PSD facility lies, is between the
Dona Ana and San Andreé Mountains. The rocks exposed in these
mountains on either side ¢of the basin have been eroded, filling
the basin to an unknown depth with bolson fill. ' .
The bolson deposits consist of irregular beds and lenses of
unconsolidated to semi-ccnsolidated clay, silt, sand, and gravel,
and mixtures of these particle sizes. Wells in the Jornada del muerto obtsi-
water, which is unconfined or semiconfined, from permeable beds of
sand and gravel in the bolson deposits. The bolson deposits and
the saturated zone wifhin the deposlts thin toward the mountains:
thus the probability of cobtaining an adequate supply of water
decreases with nearness to the mountains. Apollo Site wells C, D, G,
and H apparently did not penetrate a sufficient thickness of saturated
bolson deposits to yield the required quantity of water. Wells I and
J penetrated 682 and 602 feet of saturated bolson deposits, respectively,
and when cased as water wells, each had 400 feet of slotted casing

open to the saturated sections. (See table 15.)
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Table 15.--Records of wells drilled at Apollo PSD
facility

7V011 c

§

wwmm % .,' ﬂ:&’ t:»:, . y :
Mpitde: Land-surface a.ltituu )h590 M s

1ntcpol¢ted n'om U&B topograph:lc oe
Depth: 1,011 feet Delov land surface detun. L
Dete completed: April ez, 1963 (Plngged snd abandoned) A
nrilling cezrtructor: Layne-Texas Co., m. Puso, Tex.
’Drillﬁgnethed Hydraulic rotary | o

’vt

Casing and well recoxyd: 8-inch test well drilled to l,Oll fee‘b B&cenber

618, 1962, Vel reemed to. lé-inch méiaed

depth vith 12 3/h-1nch cuing mmh 2'{ tdj

:" . ;)ET ~.

April 15, 1963. cuing perrarated vith;

e

3/16 x 2-inch mill-cut slota, 12 nlets m,.’

steggered rovs, from. 550-1060: 590*5509; 590'7901
and 800-1,000 feet. Qh-mch surface cuing

'euented to 30 reet. :

Well ccu;pletion record: 12 B/h-inc.h casing pulled and well plugg«l

vith Neevy md end cbandnned April 99, 1965.'

Eteel o8P welded on Sﬂz‘face caaing . Z T

e ““‘f-"i,;?::

o
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Table 15.--Records of wells drilled at Apollo PSD

facili - continued

Well € - concluded

Geologlc source: Probably bqlson.deposita, from‘jﬁe to 450

'.’"?’\i

. i’eet. Water level was lowered frm 562 to

‘ 752 feet by bailing a.t a rate of. about 38
gpm with 90—@11011 btﬂbr indicxtizxtm
: ,tba weld wes" mqm orpmdnclng tm* n2

desired Yield. -

Summary of material penetrated::

Material . _ .. °_ . Thickness Depth

Bol8on 4ePOBLLS =em=mmmmm=m-mmemmsmoosamees—moos 153 k53
-I@eous rock (wea‘thered) el DD e DD L .50 503‘

> Igneous rock (unwee.thered) ————— S—— 508 . l,O].‘i"j:f:-"‘;-?'
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Table 15.--Records of wells drilled at Apollo PSD

facility - continued

Well D
et—————————
Location: NEESWESWL sec. 12, 7. 20 2., R. f £., Lona Ana County, N. Mex.

Altitude: Land-surface sltitude 4,900 feet
interpolated from USGS topographic maps.
Depth: 1,321 fest below land surfacs datum

Date complested: January 24, 1963

Drilling contractor: Layne-Texas Co., El Paso, Tex.

Drilling method: Hydraulic rotary

Casing and well record: &8=-inch well to 1,321 feet, not cased.

Well complction record: Plugged and abandoned

Geoclogic sourca: Unknown. Yield insufficient to justify further

development.

Summary of material pen-:trated:

Material (£=. L)
Bolson depoSits =e==-e-m—mecccc e aca s 265 265
Older sedimentary rocks ==-=-e=mecmcececcmccccma-- 1,054 1,319

267



Table 15.--Records of wells drilled at Apollo PSD

---facility - continued

Well G .
S dt—
Location: IE:NELSEL sec. 13, T. 20 S., R. 3 2., Dona sna County, N. Mex. -

Altitude: ILand-surface altitude 4,740 feet

interpolated from USGS topographic maps.

Depth: 578 feet below land surface datum

Date completed: February 8, 1963

Drilling contractor: Layne-ilexas Co., El Paso, Tex.

Drilling method: Hydraulic rotary

. : > . 1 r P -
Casing and well record: bY-inch well to 376 feet, not cased.
(=) 2

Well completion rscora: Plugsed and abandoned.
p e

Geoclogic source: Undanown. Yield insufficient to justify further

" development.

Summary of material penetrated:

Thiclmess Depth

Material (£-.) (£t.)

Bolson GepoSits m=emmemceescaccecc e e cc e e e e e e —— 100 180
Volcanic rocks =e=eemm-mmcemmaoccmcmcocmcmmaeemcaa 80 250
TLimestone and shale ec-emecccmccccccaaa- c—m———— ——— 212 578




/

Table 15.--Records of wells drilled at Apollo PSD

facility - continued

Well B

Location: Ca-SWANEE: sec. 16, T. 20 8., . 3 %., Dona Ana County, N. Mex.
4 N 5% ) 2 bl J

Altitude: ZILand=-surface altituae 5,590 feest
interpolated from USGS topographic map.
Depth: 1,445 feet below land=-surface datum

Date comploted: March 2, 1963

Drilling contractor: Layne-Iexas Co., El Paso, Tex.

Drilling metkhod: Iydraulic rotary

[

Casing and well record: 10-inch well to 1,445 feet. ©-inch casing wedged

in well at 350 feet, and could not be pulled or
driven.

well complztion record: Plugged and abandoned

Geologic source: Probably bolson deposits. Water level lowered from

272 to 739 feet by pumping at 35 gpm with submergible

pump .

Summary of material penstrated:

Thickness Depth

Material (£t.) (£t.)
Bolson deposits ===e===-- N L LT ————mee——- - 285 285
Igneous rock (weathered) ===-emasee-ee cemmecmcacaae- 50 335 ‘
Igneous rock (unweathered) ---e-coamaca-e cmmmecoee-- 1,110 1,445
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Table 15.--Records of wells drilled at Apollo PSD
facility - comtinued
‘Well I

I

Location: SWiSWisWwi sec. 30, T. 20 S., R. 5 ., Dona Ana Counuy, J. lex.
Altitude: Land surfacc altitudc, 1,385 feet

interpolated from USGS topographic map.
Depth: 862 feet below land surface

Date completed: May 2, 1963

Drilling contractor: Layne-Texas Co., El1 Paso, Tex.

Drilling method: Hydraulic rotary

0 feet

N

Casing and well record: 8-inch test well drilled to 1,000 feet.

of 18~-inch surface casing cemented in and well
reamed to 16-inch to 862 feet. Well cased full
depth with 862 feet of 12 3/%-inch casing
perforated from 430-660 and £80-850 fzet with
3/16 x 2-inch mill cut slots, 12 slots around,
alternate rows staggered.

wWell completion record: Fitted with temporary stczl cap.

Geologic source: Bolson deposits. Water levsl lowercsd from 218 to 391

feet by pumping for 24 hours at ratz of 1,000 gpm.

Summary of material penetrated:

1,000 feet of bolson deposits.




Table 15.--Records of wells drilled at Apollo PSD

facility - concluded
Nell J

Location: NN%SE%JV% sec, 51, T. 20 8., 5. 3 E., Donz Ane County, N. Mex.
Altitude: Land surface altitude 4,410 feet
e —————

interpolated from USGS topographic map.

epth: 850 feet below land surface

Datz completed: May 31, 1963

Drilling contractor: Layne-Texas Co., El Paso, Texas

Driliing mcothed: Hydraulic rotary

Casins and ws=ll record: 10=~inch test well drilled to 939 fset. 30 feet c

18~inch surface casing cement-d in and well rea
16-inch to 850 feet. 12 3/L-ineh casing instal
to full depth. Casing perforations: mill-cut

3/16 x 2-inch slots. 12 slots around, staggere
rows. Perforated intervals: H0C=700, 7L0-6L40 -

Well completed record: Fitted with temporary steel cap.

Ce20logic source: Bolson deposits. Water level lowered from 337 to 388 fe

by pumping at rate of 1,000 gpm for 24 hours.

Summary of materisl peunetrated:

929 feet of bolson deposits.
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Aquifer test

Wells I and J were test pumped at approximately 1,000 gpm for
24 hours. A seml-log plot of water-level recovery versus time
indicates the coefficient of transmissibility is about 48,000 gp;
per ft for well I and about 80,000 gpd per ft for well J, The
coefficient of transmissibility are on the order of those expected
from bolson deposits, and the relatively small drawdown of water

levels indicates that the wells are in good hydraulic connection with

the aquifer,
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Chemical qualicy of watcr

Tre sulfate coutent of water from zll “he wslls sxcept C was
mere than the U.8. Public Zzalvi. Service recommended limit of 250

om. The water from wells I and J conbaias abou. 300 ppm sulfats.

RS

3

Tie water is extremely hard; the nardness as CaCO. of water from

7
wells I and J is 278 and 41¢ ppm, respectively. Water of appreciably
better quality probably cannol be ocotained withisn ghout 10 miles

of the facility.
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Bosque del Apeche Wildlife Refugs

(Reference:  Weir, 1964)

Thnis area includes & strip along the Rio Grande through a 10-milie
reach south of Sen Antonic, N. Mex. (fig. 1). In this ares
the Recent flood-plein deposits constitute the major aquifer.

Generally water from wells east of the Rio Grande in the Bosque
del Apache is inferior tc Iimpotable owing mainly to th: movement of
minerelized ground water into this area from the northern Jornada del
Muerto. This water of poor quality comes from wells tapping the flood-pla:
deposits as well as élder unconsolidated basin fill although wells
tapping the flood-plain deposits at the edge of the river yield somewhet
better water, apparently owing to dilution by the river water in the
shallowest part of the aquifer.

Except for a small grassy marsh area along U.S. Hiéhway 85 from
1 to 3 miles south of the northern boundary of the wildlife refuge
in the Bosque del Apache Grant (west of map area), wells west of the
river yield potable water from both the flood-plain deposits and the
Santa Fe Group. Shallow wells in the grassy marsh area yield inferior
water because of a concentration of salts in the marsh area by
evapotranSpiratién. This inferior water may exist only in the shallowest

part of the aquifer.
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Stallion Range Center

(Reference: Weir, 1964)

Stallion Range Center is a small administrative and service
installation in the northern part of the Jornada del Muerto. Water
levels in wells in the Stallion Range Center area range from 150 to
450 feet below the land surface, from east to west and the depth to
water is 327 feet in well 6.3.5.232 at Stallion Range Center (see
table 16 for log). Well 6.3.5.232 supplies nonpotable water to the
Range Center. The water is too saline for domestic use;
calcium, magnesium, and sulfate are the principal chemical contaminants-

The results of the chemical analyses of water from wells
drilled in 1956 indicate that the vestern and northern
flanks of the Cerro Colorado volcanic mass are underlain by water of
potable and near-potable quality. The sulfate content in the ground
water underlying this part of the area ranges from about 220 to about
900 ppm. Yields from three test wells drilled in

secs. 1, 4, and 10, T. 6‘S., R. 2 E, range from 2 to 40 gpm.
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Table 16.--Log Of well 6.3.5.232, Stellion Range Center

’

Clay, very silty tan, and very coarse sand

~ 276

Material . Thickness . Depth
- (feet) (feet)
Semples missing _ 20 T 20
Sand, very fine to medium,rand small gravel of
volcanic rocks ' _ ' 20 20
Sahd,wfery fine to medium, small gravel of ' ‘
volcanic rocks, and scme clay 10 50
Sand, fine to very coarse, and small gravel .
of volcanic rocks 40 ’90
Clay, silty, tan, and very small gravel of
. volcanic rocks ‘ - 20 110
Sand, medium to very coarse,-small volcanic _
gravel, and tan silt . 10 120"_
Clay, tan ° 10 130 .
Sand, medium to very coarse, small volcanic o
gravel, and tarn siit 10 140
Clay, tan, sand, medium to very coarse, small
volceni: gravel, ard *an silt. Less gravel. 20 ‘166
Clay, r to tan, eswael’l gravel and large'pebbles )
of volcani: rocks R 10 270
S1it, tan, scme very ccarse sand, and a small-
pebble ' 10 180
' Clay, red to tan, and pebbles 10 190
Sand, very fine and red-brown silt, with a small o
amount of very coarse sand and small gravel 10 éOO
Clay, red-brovn silty 20 220
Clay,‘red, and irncluded crystals of selenite 10 230
Clay, red, and included crystals of selenite
wvith some gravel ' 10 2ho
10
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Table 16.--Log of well6.3.5.232, Stallion Range.Center - continued .

Material _ Th’j.ckness Depth
o ) “(feet) (feet)
Sand, very coarse, very small gravel, and
tan silt | ‘ 10 260
‘Clay, red, very coarse sand, very small _
‘gravel and tan silt ' 10 270
Clay, white, very coarse sand, very small gravel,
and tan siit ‘ 5 ‘ 275
Clay, tan and white, siity 5 280
Clay, tan silty, and a small amount of very coarse
sand 14 294
Silt, tan to cream 6 300
Cley, tan silty 20 320
Silt, brown, and very fine sand. Some very
coarse sand 18 338
Silt, brown, very fine sand,some very coarse sand,
and small volcanic gravel 9 347
Clay, tan, very silty 5 353
Clay, ten very silty, very coarse send and
small gravel ‘ 22 375
8ilit, very fine sand, and very silty tan clay 5 380
Sand, very fire to very coarse, and small gravel 20 LoQ
Sand, very fine to very ccarse ,’ small gravel, and
brown silit. Some clay 430-435. 50 450
Semples missing 58 508
~ Sand, medium to very coarse, and smell gravel L 512
Seand, medium- to very coarse-grained, small gravel
and small pebbles 11 523
Sand, very coarse and gravel 5 528
' Sand, fine to coarse 5 532

"/v
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Table 16.-~Log of well‘6:315.232, Staliion'Rangg"Center - concluded

Material Thickness  Depth
(feet) (feet)
Sand, medium to coarse, and brown clay 7 539
Sand, fine to very coarse 5 Shis
Sand,. fine to very coarse and small gravel ' 31 - 575
Clay, brown, fine to very coarse sand and
small gravel > ' 580
Silt, brown and very fine to coarse sand 30 ., 610
Sand, very coarse, and small gravel‘ 5 615
Sand, very coarse, small gravel, and brown silt 5 620
Sand, Véry coarse, gravel and small pebbles 15 635
Sand, fine to very coarse, and brown clay 30 665

Sand, very coarse, small gravel and brown silt.
Some clay from 6393-tc 700, and a large pebble

705-10 , b5 710
Sand, very coarse, gravel and small pebbles.
. General grain $izes somewhat smaller 725-30,
and one large pebble T35-T4C 30 L0
Send, medium to very coarse and gravel 10 750

Notes: All clays were calcareous. C(Clay, silt, and sand below MO0 feet
are upniformly coffee-brown in color All gravel and pebbles observed

are detr.tus of "vclcanics™; some are holocrystalline but very fine-

v

érained, and some’are glassy with very small phenocrysts.i The

- general appearance of the volcanics 1s red-brown when wet, but

- .

a dusty laverdar when dry. - g
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Red Canyon Range Camp

(Reference: Weir, 1964)

Ve

Well 7.8.8.322, the second of two wells drilled at Red Canyon
Rangé Camp to supply nonpotable water to the camp, was test pumped
for 48 hours in November'l956f

Red Canyon well 2 (7.8.8.322) was pumped at approximately
200 gpm and the water level decline was observed in the pumped well
and in Red Canyon well 1 (7.8.8.412), 1,000 feet east of the pumped
well, where the water ;evel declined 1.25 feet during the test. The
decline in the pumped well was 2.12 feet during the pumping period.
The specific capacity of the pumped well is approximately 100 gpm

per foot of drawdown. Transmissibility is about 45,000 gpd per ft.
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MAR fecility water supply
(Referencas: Doty, 1964, 1964a)

Three test wells (19.5.17.3%3, 19.5.28.443, and 19.5.31.111) wereg
drilled near Lucero Ranch in 1963 to find potable water for the MAR
facility. J1 three wells produced potabie water but only test welll}'
{(19.5.17.333) produced an adequate quantity of water for the faciliﬂsgj
Two production wells (19.5.17.331 and 19.5.17.334) were drilled late
in 1963 and put in service in the Spring of 196k4.

MAR 1 test well was drilled to 1,000 feet and plugged back to
650 feet because water quality depreciates below thet depth. The test
well was pumpad for 12 hours at 165 gpm with a drawdown of about 40
feet below the nonpumping depth to water at 225 feet. The pumped water
had a specific conductance gf 809 micromhos and contained 42 ppm
chloride and 162 ppm sulfate.

MAR 1 (19.5.17.331) and MAR 2 (19.5.17.334) production wells were
completad at 550 and 650 feet respectively. The wells drilled were of
20-inch diameter, cased with lO-inch pipe mill-slotted, 1/8 x 2% inch
slots, 9 slots around, below the water level, and gravel packed. The
wells are designed’to pump about 100 gpm. The quglity of water obtained
from the wells is similar to thet from the test well.

The log of MAR test wall 1 (19.5.17.333) is given in table 17.
This log is representative of other wells drilled in the MAR facility

ara.
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Table 17.«=log of NaR-l test well

) vael, pebble and some cls ----«-------—---4_1‘_'_':" X

.,,'Chy, tm, and same gravel -------------------Wi

as,/, . 4 R . H -

Ghsy, tan "“““""“""-'-------~-------°--H&§rmdﬁ1\ e e

o am
0 ady
5 "ﬂé
-vael, pebble -..--......--:;.-;_.__;_.__;______ ; J 0 500

- Clay, '“oan, and some petbles ----- ---'-------;-4323 W 5 308

- 28% o



Tuble 17:eelog Of Mapel test well = oomcim

Clw uxi gnvel i

Gravel, and. tt.n nnd vhi‘be chy ------------_-_-__.,;w s
§ e 'z. (\ )
C'-UW: tan, Mee and same coa.rae sand -----....-..45...;.'.’.‘,‘ ; 20 -
Gnvel and cla.y ~-—-----'--------------------....---.em i 10 %05
.. . L 3 . T ] Lol :s .

CW» un and sone gra.mxle to pebble gravel ---.--m b 55 A5G
Gl'ﬁve}. m Vhi‘te, men, m m c]‘y --—‘-—-----—-.ﬂ* 1} a
C]Ay snd some gz'amle{ to pebble gravel --o——-'}----‘—”w

¢

Grtvel, gnnule to pebble ’ a.nd clay --a-----..---..--u.-ca»

E 4

Chy, ta.n, a.nd a Low mmles --—--—------——---------—~u~

Gravel and clay in beds lb to 5 inches thick T

10
™
10
s
10
Clay, tsn, and & fev gramlea -..;----..;-.7;---;-_.‘.;3,:; ';20 : " 80
.
ho
¥
A
ol

vael, gra.nule to pebble,e.nd clay -----»----------ﬁﬁh%f * , 530
my and’ & few granules w------------------—-----E‘-;i% T -:"t'f *‘Te
Clay, _tm, with streaks of white sandy, silty cla.y % 4. | m
Chy, tan, and & fev granules -,:.------..-_-------;;;52‘&' : i : ??3
i . i . B T EPOEEEE

chy —---;_-_-7~;-?~--‘--'i%~--'---5-‘?-"-"j"'*ﬁ"_'ff?‘j;““" N R
Chy and same gmvel S - " “ L 3; " ‘,,,&;9‘

¢ ' ? . I : L
 Clay e £106 SaBA <oes-rimrdeegrenemeee e 193 ISS
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" Sable 17.-ulog of MAR-1 test well - Contluded

L (19:5.aT.333) -

, i
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Upper Sacramento niver canyon

(Refersnce:  Mourant, 1959)

The Sacramento River originates in the Sacramento Mountains in
central Otero County, WM. ilex., about 10 miles southeast of Alamogordo.
The ﬁpper part of the Sacramento River flows southeastward through
canyons several hundred feet deep. The valley floor is extremely
nerrow except in the ciereza (marshy) areas, where it is several
nundred feet wide. The river has a perennial flow only in ciengaza
areas. The Southern Pacific Co. was diverting about 250 gpm of water
from two of the cienega areas in December 1956 which was transported

by pipeline to Orogrande, about 25 miles southwest.
& 3
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Ground water in the Sacramento River canyon area occurs mainly
in the upper part of the Yeso Formation. The depth to water in two
wells in see. 34, T. 17. S., R. 11 E., which furnish water to the
installation at Sacramento Peak, is about 200 feet. In many places
in the Sacramento River canyon in T. 18 S., Rs, 11 and 12 E., the

ground water discharges through springs (fig. 25). The depth to

Figure 25 (caption on next page) belongs near here.

/

water in well 19.12.15.14% at the Circle Cross Ranch, is about 170 feet.

n2 wells in sec. 34, 7. 17 S., R. 11 E., are reported to yield 50 gpm. each.

=,

ell 16.12.15.14+ is not equipped wita a pump, and the yield of the well
is not known. The Yeso Formation probably contains one or more zones

of saturation throughout this part of the Sacramento Mountains, and
wells drilled in most of the upper part of the Sacramento River canyon
will yield at least 50 gpm énd possibly as much as 100 gpm. The
development of wells a short distance upstream from ;he spring area

probably would cause the yields of the springs to decline rapidly.
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Figure 25.--Map of the upper Sacramento River Canyon, Otero County,
N, Mex., showing wells, springs and part of Orogrande

pipeline.
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The Hueco Bolson

(Reference: Knowles and Kennedy, 1958)

The Hueco Bolson is in the extreme western part of Texas and
south-central New Mexico, covering parts of El Paso County, Tex., and
Dona Ana and Otero Counties, N. Mex. (See fig. 1.) Wells tapping the
bolson deposits furnish the major part of the water supply for the city
of E1l Paso, Ciudad Juarez, Fort Bliss, Biggs Alr Force Base, and private
industries in the area. The progressively-increasing demand for water
made it obvious that a comprehensive investigation of the quantity and
quality of water in storage in the entire Hueco Bolson would be essential
for the proper planning of future water supplies. A test-drilling
program was started in 1953, jointly sponsored by the city of El Paso,
the United States Army, the United States Air Force, and the Texas Board
of Water Engineers. The drilling was supervised by the United States

Geological Survey.
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Thirty-three deep test wells were drilled, comprising a total
footage of 32,456 feet. Water samples for chemical analysis were
obtained by means of drill-stem tests at most of the wells, An
electric log was made after each test well was completed, water-level
measurements were made in each well, and pumping tests were made at
several selected wells. In addition to the tesﬁ—drilling program, all
available information was collected for existing wells in the area,
and ch;mical analyses were made of water samples collected from many
of the wells. Records of the wells and explanatory text and illustrationa
are contained in U.S. Geological Survey Water-Supply Paper 1426 (Knowles
and Kennedy, 1958).. The data from Water-Supply Paper 1426 are not
included in this report, but illustrations showing the altitude of
water levels and saturated thickness of fresh-water-bearing material
(Knowles and Kenmnedy, 1958, pls., 2 and 10 are included herein as

figures 26 and 27 (pls. 2 and 10 of Water-Supply Paper 1426)

Figure 26 (caption on next page) belongs near here.

27 (caption on next page) belongs near here.
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o Figure 26,--Map showing water-level contours in the Hueco Bolson area,

Texas and New Mexico, January 1954,
27.-~Map showing saturated thickness of fresh-water-bearing
deposits (chloride content less than 250 parts per milliom)

in the Hueco Bolson area, Texas and New Mexico.
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The Hueco Bolson is an intermontane lowland sparsely covered
with low vegetation. The bolson is traversed by the Rio Grande Valley
(figs. 26 and 27), the portion of which south of El1 Paso, known locally
as the Lower Valley, is reached by an abrupt drop of 200 to 300 feet
from the bolson surface, which is known locally as the Mesa. No well-
developed drainage channels are on the Mesa, and the precipitation on
it either infiltrates or is lost by evapotranspiration.

The bedrock that underlies the bolson deposits and makes up the
surrounding mountains 1s relatively impermeable and will not supply
lafée quantities of water to wells, The Franklin and Organ Mountains,
which form part of the western boundary of the Hueco Bolson (figs. 26
and 27), comsist largely of granitic and porphyritic rocks that were the

source beds for much of the bolson deposits. The latter consist of

lenticular layers of clay, sand, and gravel, which cammot be correlated

for long distances. The sands and gravels are thickest and coarsest
near the Franklin and OrganMountains and become progressively thinner
and finer grained toward the east. The maximum known thickness of

the bolson deposits is 4,920 feet. Caliche lying nearly everywhere
beneath the surface of the bolson affords a rather effective barrier
to recharge from above. The caliche beds are partly or completely
missing beneath depressions in the bolson, however, and recharge takes
place when water collects in the depressions during periods of heavy

rainfall.
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Contours of water levels in the Hueco Bolson (fig. 26) show that
the principal area of recharge 1s along the east edge of the Franklin
and Organ Mountains, where the runoff from the mountains infiltrates
into the coarse gravel of alluvial fans. The water in the bolson
deposits 15 the Mesa 13 unconfined and almost everywhere 1s of good
quality. The bolson deposits in El1 Paso Valley contain fresh water but
are overlain and underlain by alluvial defosits containing mineralized
water. The lowering of the artesian head in the bolson deposits in
places has permitted the infiltration of salt water into the fresh-
water-bearing beds. Two large cones of depression, one in E1 Paso
Valley and one in the Mesa, have been formed by large withdrawals of
ground water.

Pumpage from deep wells in the El Paso area has increased
steadily since 1906. The average withdrawal in 1953 was 27.9 mgd
(million gallons per day), of which 13.1 mgd was pumped from wells
in the Mesa and 14,7 mgd was pumped from wells in the E1 Paso Valley.

The fresh water--defined as that containing less than 250 ppm
(parts per million) of chloride--in the Hueco Bolson is in a trough
of irregular width and depth roughly parallel to the Franklin and
Organ Mountains (fig. 27). Salt water--defined as that containing
more than 750 ppm of chloride—is present in ihe bolson sediments that
lie beneath and east of the fresh-water-bearing beds and in the
younger alluvium 4{n the El Paso Valley. A body of inferior water is
present between the fresh and salt water and diffeérs in thickness from

place to place.
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Pumping tests at wells in the Hueco Bolson showed that the
coefficlent of transmissibility ranged from 38,000 to 164,000 gpd
(gallons per day) per foot. Because of the shortness of the tests,
the coefficient of storage of the bolson deposits could not be
determined accurately.

The volume of the saturated bolson deposits in Texas is at least
31.6 million acre-feet and in New Mexico at least 24.8 million acre-
feet, Of this, about 7.4 million acre-feet in Texas and 6.2 million
acre-feet in New Mexico is available for recovery by wells. On the
basis of about 50-percent recovery of the available water, 30 mgd
could be withdrawn from storage for a period of 110 years. Artificial
recharge would extend this period. Suggested methods of artificial
recharge are by means of wells on the Mesa and a system of ditches
and detention dams in the arroyos along-the mountain fronts.

Although a large quantity of water is available in the bolson
deposits, detailed planning and proper development will be necessary
to secure maximum recovery from the reservolr without serious salt-

water encroachment.
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Conclusions and suggestions

The data and maps in this report show that potable water under-
lies narrow belts of land at the foot of the Franklin and Organ
Mountains and the southern part of the San Andres Mountains in the
" western part of the area and the Sacramento Mountains in the eastern
part. The belt of potable water is bounded baéinward by a narrow
belt of inferior water. The major part of the Tularosa Basin and
Hueco Bolson contain non-potable water. Removal of large quantities
of potable water locally from ground storage causes water levels in
wells to decline, and at places the water-table gradient has been
reversed from the normal basinward slope. Eventually, the removal
of large quantities of potable water from storage will induce move-
ment of inferior and non-potable water into the areas now contain-
ing potable water.

Figure 4 shows areas of potable water having little develop-
ment both north and south of the headquarters area. Unfortunately,
these areas héve not been adequately explored to define accurately
the amount of potable water in storage.

The expected long-term need for increasingly larger supplies
of potable water in the White Sands Missile Range and adjacent areas
can be met only by additional evaluation and development. The
following program of evaluation is suggested:

1. Continue the present program of monitoring pumpage, water

levels in wells, and quality of water in production and
observation wells. Extend the monitoring to keep pace with

new development of water supplies.
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Drill additional test and observation wells in the potable
water areas to determine more accurately what is happening
in heavily-pumped centers and the quantity of potable water
in storage.

a. At least three more observation wells are needed north-
west, west, and southwest of the headquarters well field.

b. Additional wells northward from the headquarters to a
few miles north of the MAR wells in the potable water
belt would be desirable. Larger yields from a thicker
zone of fresh water might be possible between the MAR
wells and the mountain front.

c. Several wells should be drilled in the potable water
belt southward from the headquarters area several miles
into the Fort Bliss Military Reservation.

d. At least one deep test well (to bedrock at a depth of
1,000 to 5,000 feet) should be drilled 6 to 10 miles
east of the headquarters to evaluate differences in
pressure head and chemical quality of water. We know
that the water increases in salinity with depth to the
depths tested, but we do not knmow that the salinity
continues to increase to bedrock. In some similar basins
of New Mexico, water of good quality has been found below
zones of saline.water.

e. One or two additional test wells should be drilled north-
west of Rhodes Canyon to further explore for potable

water.
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f. Drill test wells to locate new sources of potable water
near areas of need. Small areas of potable water sureiy
must exist at some unexplored places. Our increasing
knowledge of thé geology and hydrology of the missile
raﬁge increases the chances of finding additional sup-
plies of potable water.

3. A geophysical survey should be made in. each area befdre the

test drilling is started. The geophysical work should be a
combination of surveying, for accurate control, and gravity
survey, for economical coverage of large areas.

4. Investigate the quantity of surface water available for
artificial ground-water recharge in the potable water areas.
Also, evaluate the efficiency and cost of collecting water
for direct use or artificial recharge from areas coated wilth
asphalt. A small coated watershed (9 acres) is currently
being studied. Gaging stations to measure the natural run-
off from three watersheds near the headquarters are being
planned. Construction of artificial recharge facilities may
be feasible in the future, especially in the headquarters

area. ’ N
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Ground-water recharge with treated sewage effluent up-gradient
from the headquarters well field would be a safe, sanitary method
of supplementing the supply of potable water in the well field.
This recharge could be accomplished with properly constructed
infiltration pits. Movement of this water vertically through

a hundred feet or more of the zone of aeration and a milé or
more horizontally in the zone of saturation after treatment
would assure its safety and even its esthetic value.

A large saline-water conversion plant may become feasible in the
future. A very large volume of saline ground water is stored in the
Tularosa basin. Conversion of this saline water to fresh

water could supply the missile range indefinitely, even after

large increases in water demand.
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