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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
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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

103




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
111




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

114



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
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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
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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

+%
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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.

134



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.
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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.
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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.
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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.

143



T
~

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, grave<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>