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Water-Supply Development at the National Aeronautics and
Space Agency = Apollo Propulsion System Development Facility,

Dona Ana County, N. Mex.

By

G. C. Doty

Summary of events

A water requirement of 300 gpm (gallons per minute) per 16 hour
day was scheduled for the NASA-Apollo PSD (National Aeronautics and
Space Agency-Apollo Propulsion System Development) facility to be
built about 8 miles north of Organ, N. Mex., in the Jornada del Muerto
on the west flank of the San Andres Mountains. In an effort to establish
this water requirement NAA (North American Aviation Company) under contract
from NASA, caused four exploratory wells (C, D, G, and H) to be drilled
on the fan slope of the San Andres Mountains near the proposed location
of the facility. The general location of the erea and the sites of wells

are shown in figure 1. The sites for wells C, D, G, end H were selected

Figure l.--General location of NASA-Apollo PSD facility and sites
of wells, Dona Ana County, N. Mex. '

by NAA from recommendations made by the Ralph M. Parsons Company.

The U.S. Corps of Engineers assumed responsibility for the water
supply at the Apollo PSD facility on April 1, 1963 and requested the
services of the USGS (U.S. Geological Survey) in evaluating the water
problem. After a review of file data, examination of the records and
drill cuttings from the wells drilled for NAA, and a visit to the
Joynada del Muerto area, the USGS selected a site for a fifth well (I)
(fig. 1) and also monitored the reaming, developing, and testing of
well C. The yield from well C was inadequate and the USGS selected
a site for a sixth well (J) (fig. 1). Drilling end testing of wells

I and J were supervised by USGS personnel.
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Methods and procedures

All wells at the Apollo PSD facility were drilled by the
hydraulic rotary method by the Layne-Texas Company. Drilling
operations began in December 1962 at well C and ended in May
1963 at well J (table 1). Sample descriptions of the cuttings
from wells C, D, G, and H were prepared by USGS personnel after
the wells were drilled; descriptions of cuttings were made during
the drilling of wells I and J (teble 2). An electric log was
made of each well except G (table 3). Wells C, I, and J were
reemed to 16-inch dismeter, cased with 12-3/h-inch OD steel
casing and developed by bailing and surging. The water level
in well C was lowered so much by bailing that further testing
was unnecessary and the well was abandoned. Water samples were
collected by air jetting through the drill stem and from the

discharge pipe of wells in which test pumps were installed.




Geology and ground water occurrence

The Jorneda del Muerto is a topogrephic basin whose southern
extremity, in which the Apollo PSD facility lies, is between the
Dona Ana end San Andres Mountains. The rocks exposed in these
mountains on either side of the basin have been eroded, filling
the basin to an unknown depth. The sediments in this basin include
the Santa Fe Group of middle(?) Miocene to Pleistocene(?) age and
Recent alluvium; they are hereinafter referred to as bolson deposits.

The bolson deposits consist of irreguler beds and lenses of
unconsolideated to semi-consolidated clay, silt, sand, and gravel,
end mixtures of these particle sizes. Wells in the Jornada obtain
wvater, which is unconfined or semiconfined, from permeable beds of
sand and gravel in the bolson deposits. The bolson deposits and
the saturated zone within the deposits thin toward the mountains:
thus the probability of obtaining an adequate supply of water
decreases with nearness to the mountains. 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 seturated bolson deposits,
respectively, and when cased as water wells, each had 400 feet

of slotted casing open to the satursted sections.




Aquifer test

Wells I and J were test pumped at approximately 1,000 gpm (gallons

per minute) for 24 hours with a turbine pump driven by a gas powered

motor. Water levels were measured with an electric tape during drawdown

and recovery (figs. 2 and 3). The discharge fluctuated throughout the

Figure 2.--Drawdown and recovery of water level, and pumping rate
during 2W-hour pumping test at well I, May 1-2, 1963.
Figure 3.--Drawdown and recovery of water level, and pumping rate

during pumping test at well J, May 30-31, 1963.

tests due to variances in speed of the motor, and the drawdown part of
each test is of little value for computing aquifer characteristics. A
semi-log plot of water-level recovery versus time indicates the

coefficient of transmissibility is about 48,000 gpd (gallons per day)

per ft for well I and about 80,000 gpd per ft for well J (figs. 4 and 5).

Figure 4.--Water-level recovery data for test at well I on
May 1-2, 1963.
Figure 5.--Water-level recovery data for test at well J on

May 30-31, 1963.

The coefficients 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 quality of weter

The chemicel quality of ground weter in the Jornade renges widely.
Sulfete i1s the principal conteminent in weter of poor quality. The
sulfete is derived from gypsum thet weesthers out of rocks exposed in
the Sen Andres Mounteins. The quelity of weter from the Apollo PSD
facility wells is shown in tables 4 snd 5. The anelyses of weater
from wells C, D, G, end H were made by en independent laboretory
for NAA (teble U4); the enslyses of wster from wells I end J were
mede by the U.S. Geological Survey laboretory (teble 5).

The sulfete content of water from ell the wells except C wes
ebove the U.S. Public Heelth Service recommended limits of 250 ppm
(perts per million). The water from wells I end J contains ebout 300
ppm sulfate and is therefore inferior water by Public Heelth Service
stendards. The weter is extremely hard; the herdness es CaCO3 of
water from wells I and J is 378 snd 418 ppm, respectively. Wster
of sppreciably better quality probebly cannot be obtained within a
reasonable distence of the facility; weter of comparable quelity with

that from I or J is widely used for domestic snd municipal supplies

in New Mexico.




Table l.--Records of wells drilled st Apollo PSD

facility, Dona Ana County, N. Mex.

Well C

Location: NWiNWiNEE sec. 4, T. 21 S., R. 3 E., Dona Ana County, N. Mex.

Altitude: Land-surface altitude !,590 feet ébove sea level datum,
interpolated from USGS topographic maps.

Depth: 1,011 reet below land surface datum.

Date completed: April 22, 1963 (Plugged end sbandoned)

Drilling contractor: Layne-Texas Co., El Psso, Tex.

Drilling method: Hydraulic rotary

Casing and well record: 8-inch test well drilled to 1,011 feet December

6-18, 1962. Well reamed to 16-inch and cased
full depth with 12 3/k-inch casing Msrch 27 to
April 15, 1963. Cesing perforated with

3/16 x 2-inch mill-cut slots, 12 slots around,
staggered rows, from 350-460, 590-650, 690-T720,
and 800-1,000 feet. 24-inch surface casing
cemented to 30 feet.

Well completion record: 12 3/4-inch casing pulled and well plugged

with heavy mud and ebandoned April 22, 1963.

Steel cap welded on surface casing.




Table l.--Records of wells - Continued

Well C - Continued

Geologic source: Probably bolson deposits, from 360 to 450

feet. Water level was lowered from 362 to

52 feet by bailling at a rate of about 38

i

om with 90-gallon bailer indicating that

Sl

the well wes incapable of producing the

desired yield.

®

table 3.

~
(

Formation logs: (1) Sample deseription (2) Electrical log. 8

Water sample: See table 4.

Summary of material penetrated: GSee table 2.

~ial Depth interval (feet)

Mater
D0lson deposits =me-emcmcmmc s ce - 0=453%
T ~reol ’ e , — 3 Jy =2 A
Igneous rock (wcatnrreu) e —————-———-——————— - oo J 18 50
rock (:_111x.r.?;1'1}:ja'r'e:_'i) v s e 00 e o o 8 - 5(_‘)‘-7,-] ’(f)] 1




Table l.--Records of wells - Continued

Well D

Location: NE%SW%SW% gec. 12, T. 20 8., R. 3 B., Dona Ana County, N. Mex.

Altitude: Land-surface altitude 1,900 feet above sea level datum,
interpolated from USGS topographic maps.

Depth: 1,321 feet below land surface datum

Date completed: January 24, 1963

Drilling contractor: Layne-Texas Co., El Paso, Tex.

Drilling method: Hydraulic rotary

Casing and well record: 8-inch weld to 1,321 feet, not cased.

Well completion record: Plugged and abandoned

Geologic source: Unknown. Yield insufficient to Jjustify further

development.

Formaetion logs: (1) Sample description (2) Electrical log. See teble 3.

Water sample: See table k.

Summary of material penetrated: See table 2.

Material Depth interval (feet)
Bolson deposits w==cermecmccmcnccccacrcuancnenes 0-265
Older sedimentary rocks. =es==smmemcecceccccecaca 265-1,319
8




Table 1l.--Records ot wells - Contlnued

Well G

Location: NELNELSEL sec. 15, T. 20 S., R. 3 E., Dona Ane County, N. Mex.
Altitude: Land-surface altitude 1,740 feet above sea level datum,

interpoclated from USGS topographi: maps. )
Depth: 578 feet below land surface datum

Dete completed: February 8, 1963

Drilling contractor: Layne-Texas Co., El Pasoc, Tex.

Drilling method: Hydreulic rotary

Casing and well record: 8-inch well to 578 feet, not cased.

Well completion record: Plugged and abandoned.

Geologic source: Unknown. Yield insufficient to justify

further development.

Formation logs: (1) Sample description

Water sample: See table 4.

Summary of meterial penetrated: See table 2.

Material Depth interval (feet)
Bolson depositg==s====memmmm e 0-180
Volcanic rocks =-=sme=cemmcccmcececcaccneaeaee————— 180-250
Limestone and shale ===n=====m===- e mmm e --  250-578
9




Table l.--Records of wells - Continued

Well H

Locetion: SWASWINEL sec. 16, T. 20 S., R. 3 E., Dona Ana County, N. Mex.

Altitude: Land-surface altitude 1,590 feet above sea level datum,
interpolated from USGS topographic map.

Depth: 1,445 feet below land-surface datum

Date completed: March 2, 1963

Drilling contractor: Layne-Texas Co., El Paso, Tex.

Drilling method: Hydraulic rotary

Casing and well record: 10-inch well to 1,5 feet. 6-inch casing wedged

in well at 350 feet, and could not be pulled or
driven.

Well completion record: Plugged and abandoned.

Geologic source: ProbLably bolson deposits. Water level lowered

from 272 to 739 feet by pumping at 35 gpm
with submergible pump.

Formation logs: (1) Sample description (2) Electrical log. See table 3.

Water sample: ©See table b,

Sunmary of material penetrated: See table 2.

Material Depth interval (feet)
Bolson 4eposits cevwrmrcnnccconrccnnccinncnnarnan 0-285
Igneous rock (weathered) ~ssscecccaccacccncncnas 285-335
Igneous rock (1nweatﬁeref) --------------------- 335=1,445
10




Table l.--Records of wells - Continued

Well I

Location: SWASWESWE sec. 30, T. 20 S., R. 3 E., Dona Ana County, N. Mex.

Altitude: Land surface altitude, 4,385 above sea level datum, interpolated
from USGS topographic map.

Depth: 862 feet below land surface

Date completed: May 2, 1963

Drilling contrector: Layne-Texas Co., El Paso, Tex.

Drilling method: Hydraulic rotary

Casing and well record: 8-inch test well drilled to 1,000 feet. 30 feet of

18-inch surface casing cemented in and well

resmed to 16-inch to 862 feet. Well cased full
depth with 862 feet of 12 3/li-inch casing perfora-
ted from 130-660 and 680-850 feet with 3/16 x 2-inch
mill cut slots, 12 slots around, elternate rows
staggered.

Well completion record: Fitted with temporary steel cap.

Geologic source: Bolson deposits. Water level lowered from 318

to 391 feet by pumping for 2 hours at rate
of 1,000 gpm.

Formation logs: (1) Sample description (2) Microlog and induction-

electrical logs. 8Bee table 3.

o

Water sample: ©See table 5.

Summary of material penetrated: See table 2,

1,000 feet of boleson deposits.

11
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Table l.--Records of wells - Concluded

Well J

Locetion: NW%SE%NW% sec. 31, T. 20 S., R. 3 E., Dona Ana County, N. Mex.

Altitude: Land surface eltitude h,410 feet above sea level datum,
interpolated from USGS topographic map.

Depth: 850 feet below lond surface

Date completed: May 31, 1963

Drilling contractor: Leyne-Texas Co., El Paso, Tex.

Drilling method: Hydreulic rotary

Casing and well record: 10-inch test well drilled to 9359 feet. 30 feet of

18-inch surface casing cemented in and well
reemed 16-inch to 850 feet. 12 3/h-inch casing
installed to full depth. Casing perforations:
mill-cut 3/16 x 2-inch slots. 12 slots around,
staggered rows. Perforated intervals: 400-T700,
TLO-840 feet.

Well completion record: Fitted with temporsry steel cap.

Geologic source: Bolson deposits. Water level lowered from 337

to 388 feet by pumping at rate of 1,000 gpm
for 24 hours.

Formation logs: (1) Sample description (2) Microlog and induction electrical

log: See table 3.

Water sample: See table 5,

Summary of material penetrated: gSee table 2.

939 feet of bolson deposits. .
J2




Table 2.--Descriptions of cuttings from wells at Apollo PSD

facility, Dona Ana County, N. Mex.

Location: NWiNWENEZ s:c. 4, T. 21 S., R. 3 E.

Material
No sample taken ~eecemececamcamccccncanaa - i
Pebbles, darkegray to black, ahd limestonGem-c---
No sample tekeNw-c-ccccccnrvcnaccns v o o .

Silt, light-brown with limestone, gravel and

pebbles t0 4 inch=====mem=mmmeacm e
Gravel, with limestone pebbles to é inch, in

fl ht <brown clay matrix=s=s=—r-c-—veacacncwaases
Silt, light -brown, with limestone pebbles to

% inch ===-ma- 00 15 o e o e el o 4 v o e
Silt, light brown with small angtlar gravels --=--
Sand to small pebbles, light-gray and cream,

angular to sub angular =------ bbb bbb L4 LT
Sand and limestone pebbles to + inch, angular ----
Send and limestone pebbles to 1 inch, angular ~=-e
Silt, light Lrown with small limestone gravel ----

Sand to smell pebble size particles, 1i,.ht-,ray

and cream, angular to sub an;ular e-e--s---- -

13

50=40




Table 2.--Descriptions of cuttings from wells - Continued

Well C - Continued
Material Depth interval (feet)
Silt, light<~brown with smell limestone gravel ===== 95=-100

% <kfchy 8llt MALriX we~=sases 100-110

crave.d

2

incn, trace il sececcam e ———— 115-125

-~

o ey J o n e e ] 3 . -~ 1)
LEATU =Drown with pebblies TO 5 1NCH w=~ecccwa L=l

L -brown, sand and some small limestone

ravel, pebbles t0 1/8 inch =emmmmmcecasae
Silt, light-orown, some small gravel semecccceccaes 150-155
Silt, with broken limestone pebbles se-cecccaccc-naa 155=16

12, 10 5 inch, angular ~e-cecccencn. 160-165

Silt, light-brown to cream with small gravele-e-- 165=175

ooy e 1 O o 8 a L TETRG WS puane 1 1 Tma at Ane e ra ] = 1Ry
ollT, Lignte=sray withh small limestone gravel wea-ew 175-100
<4 ] 4 Y T ' . 4 “-Qn 10
wldlily Ll1g0U0 = OWIl W1t peppbles To i AHCH e - ——— Luu—;\,);
Silt, lignht-brown with pebbles to 1/0 inch eaccca-a L05=190
rave | o i Y ine an 1ar +o cub
WWEel, J VO L 1ncCi, angular to SuD
angulas, wWLCIO some peldles SUD aNgUlil eeeemccwnew 190=-195
OrogKern angu.Lal 28ione 1irea
1

) LILCLL o 00 oo o 0 o0 a0 10 o o0 50 om0 s 0 0w o o 0 ot o0 e 0 50 o 6 B s & e WO e LY D) =gl




Table 2.--Descriptions of cuttings from wells - Continued

Well C - Continued

Material Depth interval (feet)

Silt, light-brown, with angular limestone

fragments to 1/8 inch =e-eeeseeeecccccmmcacceas 210-215

Gravel, broken limestone fragments to i inche==-- 215-240

Pebbles, limestone, with quartz sand,
- . 5 ~l 7 4
and light=-gray c]_"y‘}/.....-_-..._...-..-..._......_.....-.._....._....- L{!V,Q_)OO

| =] J

inch~~~ 500=-3%05

Ei-

Pebbles, broken limestone fragments to
Pebvles, limestone, with lightegray clay~=~--~==~~ 506-350
Cley, dark-gray, hard, with some guartz sand =---- 350=~363
Clay, tan, sandy, with sandy to granule size

particles of andesite and limestones=s==-=-=--=- - 3635=393%

Pebbles, limestone, sub angular to broken

£0 1h Inch =memee s e ———- 393407

Sand, brown-purple, fine,with clay===s-=m=c-=- - 403-408

Pebbles, limestone, sub angular and broken
to L i[l:;’;"""‘ ————— - - - - . - - - - 1\}08-1}15
Sand, brown-purple, fine,with clay===-==ccae-n=- - 413-428

Sand , brown-purple, fine,with limestone

fragments ec-eemcecccccc e e - 428-448
- Y " o i A 4 i
Clay, magenta, and fine sand (;LRSG: Ol BolsOn) ===~ 440=-453

15




Table 2.--Descriptions of cuttings from wells - Continued

Well C - Concluded

.

Material
Rhyolite, medium-gray, altered and weathered
with some quartz and feldspar ====-==-- o o
Rhyolite, medium-gray, some fragments dark
gray, altered and weathered with some quartz
and feldaspar memmemumnmn sy S o o 0 e el M e o

Rhyolite,as above, mostly darkegray with

unweathered appearance ===s=e======"ss-====

Clay or shale, reddish-gray==<<==sssccceccecco- -
Clay or shale, brickered ==--- o e 4 0 5 0 o 8
Clay or shale, gray-~==sr=-mrescccascass s -
Clay or shale, brickeredes--semccnncccnmcacannx
REyoLite, 0Rmi: B8 SUTES B m ws s oism ot s shon o sin s i
Clay or shale, brickered-ss==--~-cace-=- iy i el
Clay or shale, dull-red =--=-=--=- o o o o B el
Rhyolite, mostly darkegrayecaeeccacmesas e o e
Rhyolite, reddish cast probably due to mud----~-

Send, gray to reddish-gray,fine,quartz, fragment

of volcanic rock and some red silt and clay;

may be erosional interval between two flows--
Rhyolite, medium to dark-gray, unaltered~eece=~-
No sample taken =----- 0 o0 s o ko e 0 S 06 A i w0

Rhyolite, light=gray, altered, with fine sand =«

16

Depth interval (feet)

455473

668-678
678-68%
683-688
688-698
698-70%
703=-803%

803-858
858-938
928-943

9k3=1,011
D




Table 2.~~Descriptions of éuttings from wells - Continued

Location: NELSWiSW§ sec. 12, T.
Material

Gravel, granule size, possibly

rounded to angular, contains

Well D

Depth interval (feet)

sllty and clayey,

gray limestone, and

little red siltstone; little caliche===eececaa-- 0-50
Silt and clay, light-brownish-red=e--meceececeec-n- 50-60
Sandstone, light brownish-red and white, silty,

very calcareous, fine to very fine, medium-

cementedmmmmmmmm e mm e ———— e ———————— 60=65
Sandstone, light brownish gray, very calcareous, |

dolomitic, coarse to fine, cemented, grades

locally to limestoneee==mmeemeccccceccenccncean- 65-80
Gravel, pebbles, rounded to subrounded, mostly

limestone pebbles; thin limestone bed at

85 ff. mmmmmm e 80-90
Clay and silt, pale-red to reddish-tane=-s--cecc-e--a 90-105
Sandstone, light brownish red to white, silty,

calcareous, fine to medium~e=me-ccccmcecacancnaa" 105-110

1=

-~J




Teble 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Materiel
Gravel, pebble size, silty, subrounded to
rounded, pebbles mostly limestone and red
sandstongme===eemmce e m - - -
Sandstone, brownish red, silty, argillaceous(:),
calcareous, fine to very finee=-m==-==- s e
Gravel, consists of sandy limestone and coarse
to fine sandstone; little red sandstonee=s====-
Shale, medium=-bluish-gray, partly pyritice=---«-
Siltstone, light purplish red, sandy, shaly,
very slightly calcareousS=e==-=-= —————— o o 50 o
Gravel, granule size with fine pebbles of
gray limestone, very sandy in lower parti;
white sandstone and red siltstonee=--==e=e--- -
Sand, very light-gray, very clayey, slightly
gravelly, Very COrsg==-----mcmeaccncan-m -
Clay and silt interbedded, medium-gray to light-
brownish gray, contains brown limestone nodules
and fragments of limestone, sandstone, and
bluish=gray shale=m=e=eecaa-- e e e e

Gravel, pebble size, very sandy, subrounded-==--
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Depth interval (feet)

110-120
120-125

125-150

150-160

160-173
173-190

190-200

200=225

225=2355




Table 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Material Depth interval (feet)

Sand, light.gray, quartzose, contains fragments

of white quartzite, bluish-gray shale, and

limestone eecacmcsccmccnmacsvcsnnsnanacanee N 2%5~240 ‘
Shale, reddish-brown, red at top, silty, non=-

calcareous; trace of bluish-gray shale,

interbedded(?) =e~=mmesmomecccmmseccccceacaaa- 240-265
Sandstone, very light-gray to very light=

greenich-gray, silty, slightly glauconitic,

quartzose, fine to very fine, hard, siliceous

COMBPIIE & o b v o s s 50 A S Al s I s 265-285
Sand, quartzose, coarse to very fine, very

coarse, subrounded to rounded, few mica books

(phlogopite ?); little=bluish gray shale and

PO BELLOLONN . wne oo s s i o O i 285-312
Shale, bluishegray, non=calcareous ==--=-==--=—= 312-316
Sand, quartzose, fine to very fine, subangular,

incoherent meeceeaw- R b it s o M " 316-%28

Shale, medium-gray, non-calcareous =-=----~--- - 328-3%7
Sandstone, very light greenish gray, argillaceous,

mostly silty, glauconitie, feldspathic, medium

to fine, friable, siliceous cement; little

purple shale interbedded=e=-===e-ac=a mm————— -- 357=435
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Table 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Material Depth interval (feet)

Shale, medium to dark-gray, very silty, very samdy,
very slightly micaceous; few sandstones interbedded,
very light gray, silty, especially at 455 and
near base; little buff limestones==v-cccecrrccncccecca

Sandstone, light-gray to very light-gray, silty,
glauconitic, medium to very fine, noncalcareous,
siliceous cement; very few partings(?) lavender
S e e e e e —————— -

Siltstone, dark-gray, very sandy, arglllaceous,

part slightly pyritic, grades to silty shale

Shale, dark-gray, very silty, sandy, hard, grades

from overlying uniteseeccamm e rce et e --
Shale, dark-gray, clay, slightly sandyes<-eweecwececen. -

Sandstone, light gray, silty; little lavander,
reddish-brown clay; trace coal, pyritices=-a-------e-a

Shale, dark-gray, Cloy=e--e--mcaesmccocccaccaccaen————

Sandstone, light-gray, silty, arglllaceous, very

fine to medium, calcareous, soft, contains dark

Shale, medium to darke-gray, silty=e-ececceccreccccocceaa

435-510

210-595

595-620

620-630
630-663

663-670

6T70-685

685-690
690-695




Table 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Material Depth interval (feet)

Sandstone, medium~gray, silty, arglllaceous,

very fine to medium, sSOft ~=smeececceacecoas - 695-T05
Shale, dark-gray, silty ==---===s-=--cccecceco-= 705-T09
Sandstone, medium.gray, as abOVE ~~==-== ———————— 709-T13
Shale, dark-gray, silty, non-calcareous=-------- T13=T30

Sandstone, light-gray, silty, argillaceous,

slightly calcareous, medium to very fine=~==-- T30-T42
‘ Shkley dBrKegrly s Bllty =srm=orspec-sasbisasamane Th2-750
Sandstone, light-gray, as QbOve e-=-eecacamcmaoea 750-760
\
SHATEAABPREBINY o HITLY | WasSs aummaay® s sm e T60-T64

Sandstone, light-gray, argillaceous, silty,
| ined, ti 764-782
medium grained, tight ==cermmcecmccrcccoaca-a-s » {O%=
Shale, medium~- to dark-gray, partly silty and sandy,
CAlCArEOUS wew—m—mammm—— e ——— e ————————— ———— 782=T94

Sandstone, silty, sligntly calcareou

0

s pyritic,

medium to fine grained --=eescece--- m—————— - T94-798

Shale, medium-gray, silty, calcareous; little
lavender shale =====-ve- ol i s by e oilan o S sl o » 798-806

Sandstone, lighte-gray, silty, slightly calcareous,

medium to fine, pyritices-e-cmcccmmmccccaaaaa 806-810




Teble 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Meterial Depth interval (feet)
Shale, medium-gray, silty, calcareous;

sandstone, a8 2DOVE ===wmceeccececmmccccoe--- —_— 810-820
Sandstone, dark-gray, very arglllaceous, silty,

FHTIE e o o o e e e e e 820-828
Shale, medium- to darkegray, sllty=====-=-s-ccea- 828-832
Sandstone, 1ight greenish gray in upper part, light

gray in lower part, very silty, calcareous,

fine to very fine, little medium, contains

feldspar(?) and dark grains including glauconite,

partly micaceous and pyritic, hard, tight; gray

shale interbedded 867 to 872 ~emweecccecccanacen 832-907
Shale, gray, sllty seeacccmmmmceeeceeeem 90T7=-927
Sandstone, medlium-gray, very silty, argillaceous,

feldspathic, very fine to fine, angular . _.... 927-950
Siltstone and shale, darksgray, slightly

micaceousS=m==acmammmn——- - o 950-975
Shale, gray, very silty, micaceous mcaeeeccccaeea- 975-1,006

Sandstone, medium-gray, silty, feldspathic, very

fine to fine =~meececcmccmccccccccmccc e 1,006-1,012

Shale, dark-gray, slightly calcareous~wmamccecaacan 1,012-1,038

Shale, gray, silty, calcaréouSwaeecccacacaacccaas 1,038-1,080
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Table 2.--Descriptions of cuttings from wells - Continued

Well D - Continued

Material Depth

COLCOATCOUD m = = o o 0 o s e e e e e w0 a0 0

o
<
=

Shale, darkegray, sligl

)
(= v

Shale, gray, silty, calcareous; little

sandstone interbeddede=eeemae-ne-- LI L AL L LA LT
Siltstone, dark-gray, shaley, calcareous==-=-===- e
Shale, darkegray, gilty-e=-=recccecmccvcccccanaaa R e b e

Shale, gray, very silty, very caleareous;
little limestone, dark brownish-gray, very
argillaceous, Blliye-~mummamcmc e m e e
Shale, dark-gray, slightly calcareQusSe=-=--wacecccacca=
Shale, blaclkememccemam e ncc e et e
Shale, black, silty, slightly sandy, slightly
calcareous; trace of lavender to purple claye=-=-ce=-

Anhydrite, pale grayishe-tan, pyritlc, micro-

i
crystalline; dolomite, tan, pyritie, speckled,

fine grainedes-=recccemmmmn e e

Shale and siltstone, dark brownish-gray,

Dolomite, dark brownishe-gray; very calcareous, fine;
shale, pale greenish-gray, disseminated pyrite;

little lavender claye-mme-mmemmacccncacnan- -

no
W

interval (feet)

1,080-1,095

1,095-1,130

1,130-1,148

1,148-1,200

1,200-1,220
1,220-1,240

1,240-1,246

1,246"1’260

1,260-~1,272

1,272-1,284

1,284-1,295




Teble 2.--Destriptions of cuttings from wells - Continued

Well D - Concluded

Material

=

Shale, dark-gray, silty, dolomitic =e=eee-ccecaas 1,295-1,%08
Sandstone, very pale-greenish-gray, sllty, slightly

glauconitic, slightly pyritic, feldspathic,

very fine to medium; little siltstone, very

pale greenish gray =es-ecescccccscmccccccesaes 1,308-1,319
D

epth interval (feet)




Table 2.--Descriptions of cuttings from wells - Continued

Well G

Location: NEANELSEL sec, 15, T. 20 8., R. 3 E.
~0caL 1o PR TA T

Material Depth interval (feet)
NO sample =weccm s e e ——————— 0~29
Gravel, pebble size, sandy and silty near base---- 29-45
Gravel, pebble size, little or fio sand ~--=--==--- 45-60

Gravel, granule to pebble size, slightly sandy,

little caliche =secceccmmmc s 60-90
Gravel, granule to pebble size, sandy, sub-

angular, to angular; caliche; fine sand,

especially in lower half of unit; little

clay near tOp =w=-==-meesmcmccmecccccecama—————— 90-145
Gravel, granule to pebble size, sandy, sand
‘coarse in upper part and fine near base;

Caliche ==emmmecccc e e ———— 145-165
Gravel, granule to pebble size, very little sand,

limestone fragments predominate, also contains

quartzite, chert, other; caliche ~eccemmcacacas 165-180
‘Andesite or quartz latite, derk-gray, slightly

weathered to reddish near top, some euhedral

quartz, some "caliche" coating near top =e===w== 180-200

Andesite, gray to reddish, contains feldspar pheno-
crysts, caliche coating and clear calcite present- 200~250

o
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Table 2.--Descriptions of cuttings from wells - Continued

Well G - Continued
Material
Limestone, dark-gray, reddish-gray at top, finely
crystalline, contains calcite veinlets, very
clayey in lower 10 feet; few thin(?) red
sandstones interbedded between 280 and 315 w=e=
Shale, reddish-brown, calcareous; limestone,
gray; little red sandstone =eeeceaccccccccccnnns
Limestone, dark-gray, dolamitic(?), finely
crystalline; shale, calcareous, dark red; gray
shale interbedded in lower 10 feet =e-m-c-wceeaa
Shale, gray, non=-calcareous, non-fissile; very
little red shale interbedded below 440 =m==mva--
Limestone, argillaceous, gray to brownish-gray,
probably dolomitic ===emecccccecccccscmcnncne= -
Shale, reddish-brown; little limestone and gray
shale interbedded =-=-=-w-ceccecccccccamacccaax
Shale, gray; limestone, darke-gray, mottled ==----
Limestone, dark-gray, finely crystalline, little
vein calcite; little gray, silty shale ==-==---
Shale, medium to dark-gray, non-calcareous, non-
fissile; limestone, dark-gray, interbedded ==--

Shale, reddish-brown, slightly calcareous =--====--=
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Depth interval (feet)

250«370

370-380

380-400

400-465

L65-475

475-485
485-490

490-500




Table 2.--Descriptions of cuttings from wells - Continued

Well G -~ Concluded

Materisl Depth interval (feet)
Shale, medium-gray, non-calcareocus; limestone,

argillaceous, medium-to dark-gray =-e-sc--sec-cae- 520-525

(g

imestone, dark-gray, finely crystalline, little

vein calclte; very little red shale and red

SANASTONE =mmemmcm i — e ——— ——————— 525560
Limestone, light-gray; shale, gray ==-e==-- ———— 560=570
Limestone, dark-gray; shale, gray, near bottom -- 570-578

D
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‘ Table 2.--Descriptions of cuttings from wells - Continued

Well H

Location: SWESWENE} sec. 16, T. 20 S., R. 3 E.

Material Depth interval (feet)
Gravel, dark-gray to black, 1 inch, sub-

ANGULAT ===-=s=mme-ecccescescceeseseneeeenenen——. 0-40

Gravel, pebbles, sub-angular to angular ====-e--= 40-50

Gravel, pebbles, sub-angular to angular, with

light=brown clay =e-=cccasceccccccncramencccnax 50=T75
. Gravel, pebbles, sub=-angular to angular, with
many broken angular fragments ==-<=smewcee-ve-s 75-85

Gravel, pebbles, sub-angular to angular with

CLAY = e e e 85-120
NO SEMPLE = mm o i o e e e e 120-140
Silt, light-brown with broken gravel fragments

of dark-gray igneous rock ===mes-asmeceaccmccoaa 140-145
Silt, light-brown, with a few broken gravel

fragments =eeemeseecacccceeenccc e ———————— 145-150
S8ilt, light-brown; no rock fragments ==----=ve-- 150-155

Silt, light-brown with a Very few broken gravel

fragments—; ----------- st ot i M e 155=-165




Teble 2.--Descriptions of cuttings from wells - Continued

Well H - Continued

Material Depth interval (feet)
Gravel, and some sand, multicolored; multicolored
particles range from % inch pebbles to very

fine sand; few rounded particles most are bit -

cut fragménts of dark-gray limestone, chert,

and volcanic rocks; some Clay =me-mesmccmceca-- 165=220
Silt, light-brown, some rock fragments we-e--ew-- 220-230
Silt, light~brown, many rock fregments wemeesece= 250=23%5

Gravel, particles are sub-angular to angular

. to i inch; some clay ===cemmccccccmccccnccccnea 235=250

Gravel, dark-gray, sub-angular to angular,

particle size ranges from silt to & inch ===e=- 250-255
Gravel, finer than above with 8ilt =~=wecevece-aas 255=260
Gravel, derk-gray, angular to sub-angular,

no silt, t0 £ inch ==seacemsececcmceccccaccnanna. 260-275
Gravel, angular, to 1/8 inch, with clay e==eces-- 273-285
Gravel, light-gray, fine, igneous (andesite),

with biotite, feldspar, and rock fragments

from above (weathered) =-e-eeececccmmccccccacns 285-290
Andesite, gray-green, weathered, with biotite,

feldspay =secccccmmc e . ——— 290~335

e9




Table 2.--Descriptions of cuttings from wells - Continued

Well H - Concluded

Material Depth interval (feet)

Andesite, with biotite, feldspar, darker-gray

than above, unweathered appearance =---=---------- 335-365
Andesite, reddish-purple =--=--cemmmcmmmmcmoanannanao 365-375
Andesite, light-gray ------ec-cmcccccccccccmcaccnnn- 375-500

Samples in this interval were scanned during
cutting operations. No significant difference

in color or rock type was noted -=--=-ec--eeeea-- 500-1,445
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' Table 2.--Descriptions of cuttings from wells = Continued

Well I

o
N
o
-
L=
n
o
(6]
-
=)
N
=i

: jaiiy
Location: SWiSWiSWi sec.

Material Depth interval (feet)
Soil, silt, and fine sand ==e-e-ccmcccccecacaaan= 0-10
Clay, light red, silt, and fine sand ==-===--<=-- 10«20
Clay, sand, and sub-rounded pebbles ==we~mmee—wa- 20-35
Sand, clay, caliche and angular pebbles e=-wv==w- 35-40
Sand, gravel and clay ==-<eescscmscameceec-a- - 40<45
Send, clay, and gravel =eeemeecccccecccacecaccaenaa 4560
. Gravel, clay and sand =--=ee=-cemmcocecacenmeanaa- 60-80
Clay, fine sand and gravel ====ceseccecmceccccca-- 80-85
Clay and some gravel ==se--as-ec-ccacesasas—ooan 85-100
Clay ==-=eesscccccccocmccccnccanasananmmannecnnn 100-110
Clay and fine s8nd ==ee=smcmccccmccmrcnccnccccana 110«115
Clay =em=seecmmccscececmmmmmescnmanmaaneann————— 115-145
Clay and very fine s8N0 ==we=eemeceecemccccacoan-" 145-150
Clay =mececcmcccccccc e e s n et 150-155
Clay and very fine sand =----ececcccccmcacacncuan 155=235
Clay and some gravel =sm--mce-mcceeccccccmccmana- 235=240
Clay, hard w=e--s--accmcccaccccccccmomccac e na———— 240-245
Clay and very fine sand =mee=sremmmecccmcccccocen. 245-265

Sand and Clay =e-ececcccccccaccce e — - 265-270




Table 2.--Descriptions of cuttings from wells - Continued

Well I ~ Continued

Material Depth interval (feet)
Claey and some very fine sand -======--=c-caccacaa~ 270=310
CLay =====m=mm=msmmeemmemne e emmes e 310350
Clay, fine sand, and some pebbles=====c--==--- - 350«375
Clay, some fine s8nd =eemm--sccacmemecccmcecnn—e—— 375-380
Sand, gravel and SOme ClAY ========-=-meccmeceaa- 380-385
Sand, coarse, and gravel =eeememceceascmoeea “m——— 385-395
Gravel, sand and clay ===-==ssceeccmecomcnanaan 395 =400
Clay, sand and gravel ==emeeeceeccesccceccocemon- 400-405
Gravel and sOme ClaY ==-=mmme=emmmeccacecccec—a——— 4L05-410
Clay, fine sand, and some gravel ==e-e-ec-cecec=w 410-415
Gravel, sand, and clay ===secccmccmacacmcocenman- 415-420

Gravel, coarse sand, and clay; some pebbles of

limestone, quartzite, and volcanic rocks ==--== 420-470
Sand, coarse, and ClEey m===--e=mmmecececcsmcscccm—a- 4T0-475
Sand, COAIrSE me=memm-macemeamc———————————————— 475485
Sand, coarse, and boulders ~=-=---seeccacccccmaaas 485-510
Sand, fine, and gravel e=--eece-caa--- - 510-515
Sand, gravel, and boulders ==esmceececcecccacamoan 515-525
Sand, fine, and gravel e-eececeemcccmmccmcccce——— 525=550
Sand, fine, and boulders =e---e-cecccccamcmacaaa= 550-560
Sand, fine, gravel and some Clay ====memcmcce-ca- 560-565
Gravel, fine sand and cley ==s=esmescccmccccvoace 565=600
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Table 2.--Descriptions of cuttings from wells - Continued

Well I - Continued

Material Depth interval (feet)
Gravel, coarse sand and clay =e==-cemcccenccme-- 600-615
Gravel, sand and white to red elay ==-==-=-ce--=-- 615-630
Gravel and ClAy =e=ce-emeeccmcccccccceccme— e ——— 630-650
Clay, gravel, and sand =e--s=eseececmcccccnccano=n 650-655
Gravel, sand and Clay ==se=memmmeeaccac-ses-ee-—- 655-660
Gravel and s8nd =eeeeceemcccaccccscacacccen———————— 660-6T75
Sand, fine and rounded pebbles ====~======mec-cm--~ 675-680
Sand, coarse, pebbles and some clay =====sce----=- 680-T15

Pebbles, multicolored, mostly dark

limestone and some rounded quartz ===--s-cceceea« T15-735
Seme as T15-735 with more clay-=========scsccccas 735=-750
Same B8 TL5=T35 =mmemmeccmcmcmcamcacc e 750-765

Sand, fine (may be bit-ground), and pebbles

of limestone and volcanic rocks. ====mmemace=—ne T765-770
Sand, fine, quartz, well-rounded; particles of

rhyolite, andesite, chert and limestone,

SOME ClEy ===mmemmcmmccesesccceccacceeceae—————— 770-805
Sand, coarse, rounded, quartz and volcanic rocks - 805-825
Sand, coarse, gravel and clay. A few rounded

PEDLDIEE =mmmem e 825-840
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Table 2.~-Descriptions of cuttings from wells - Continued

Well I - Concluded

Material
Gravel and coarse sand; rounded pebbles ==-ee-es
Sand, coarse and clay; some rounded pebbles =«--
Gravel, fine sand and clay ==-==e-sccccaccaaaaa.
Sand, fine gravel and clay =e-m=-ceececcccmcccaa.
Clay, sand and rounded pebbles ==-smcescacccacaa-
Sand, fine t0 COBrSe =m=memmmmccemccccccccccamaa=
Cley, and some sand, fine to cO&rse =s==s--c-as-
Clay, dark red, and sand, fine to medium =e====-=
Clay, sand and gravel ==-e-emcecmececccceceemeee-
Sand, coarse and clay =s=-eememmscccccccaeccea—a-
Clay, sand and fine gravel ==----eccscecccccacas
Gravel, sand and clay =e=e-cemcamccccccccncccncas

Clay, sand and gravel =w--eemmceccccccccccccee=-

3

Depth interval (feet)
840-870
870-900
900-930
930-935
935-940
940-955
955=960
960-965
965-970
970-975
975-980
980-985

985-1,000
D




. Table 2.--Descriptions of cuttings from wells - Continued

Well J

Location: NWESELNW sec. 31, T. 20 S., R. 3 E.

Material Depth interval (feet)
Soil and very fine sand =-s=s====-= O —— 0-10
SANd,; COArSE mmmmmmmmmmc e c——————————————— 10-15
Gravel, some sand and caliche ~=~-ccevmaaneaa - 15=30
Gravel and sand =smermeeccmm e —— 30=35
GrEVE] mmmemm e e e e 35-45

Clay, tan, silty and very fine sand; soume

Erave] semmmeme s . — 4555
Gravel and sand; some clay =e=—ee-=cee-- e ——— 55-85
Sand, reddish-tan, clay and gravel =eeewe--- —— 85-110
Clay, tan, with some sand and a few pebbles =«w= 110-23%0
Clay, tan e=scsemcmecmcccanccana—- ——————————— - 230=235

Clay, tan, pebbles and sand; gravel probably

thin bedded; some caliche ~esmwesmcccccacaas - 235=%25

Gravel and tan clay =ess=e-cecccccccmmccccmceca—- - 525=330

Sand, very coarse, pebbles, and tan clay ==e-=-- 330=350

Clay, tan, and gravel ====e-ecseccmccecacemcaca- 250«360

EPaYel, FOQCIAY ~vwhsmusauvomndiue ki measionso 360-365

Gravel, very coarse sand and clay e=seeescecece-a 365=370
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Teble 2.--Descriptions of cuttings from wells - Continued
A

Well J - Continued

Material Depth interval (feet)
Clay, pebbles and very coarse sand ===-m==-=c=se=- 370-385
Gravel and clay =====--scsmcmceccccccceccecaae———— 385-395
Sand, well rounded, and clay =e=s=s--=scccccc-cces 395=415
Sand, gravel and clay ===e=-cemcecmcaes mmmmmaa——— 415-470
Gravel, sand, and clay ==esesecec-ccccccccccemaa-= 470-525
Sand, fine to coarse, gravel and clay ==--==-m==- 525=540
Clay end very coarse, well rounded sand ====ea= - 540-550
Sand, fine to coarse, gravel and clay =we=w--cece- 550«555
. Gravel, clay and sand swe=ecescceemacacceccnncnnne 555=565

Gravel and little clay, some sand; beds

probably well cemented ee-memcemcmmcecaccacea-e - 565=665

Sand, coarse, gravel and little clay ~e=smeceemaa 665-6T0

. Gravel and sand ==--=s=eccecccccccccecssscsccane—- 670-680

. Sand, fine to coarse, gravel and clay =====c-=-- - 680-735

(Bit and drill collars lost in hole; log continues on hole

drilled 15 feet away)

Gravel, sand, and some clay======-=ceeccecacacaa- T35=T45

Sand, SOme gravel ==-e-smm-cccecceecscmecccecceece—— T45-750

Gravel and clay ~w=-emecccceccccmacscacecsec————— 750=T60

Sand, very coarse and gravel =e-=me-=ececccccmc--- 760=-7T5

Clay and fine to COBrEe 504 ===me=mmee=mmceacaees T75-825

. Sand, medium to fine, some gravel and clay ==-==- 825-830
36




Table 2.--Descriptions of cuttings from wells - Concluded

Well J - Concluded




Table 3.--Electric logs of wells C, D, H, I, and J

in the Apollo PSD facility, Dona Ana County,

N. Mex. (Logs are in pocket.)

Electrical log of well C

i i g

£ i - e}
Induction~-Electrical log of well I
Microlog of well I
Induction-Electrical log of welld

Microlog of well J
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