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HYDROLOGY OF NUCLEAR TEST SITES

GEOHYDROLOGY OF PROJECT GNOME SITE, EDDY COUNTY
NEW MEXICO

By James B. Cooper and V. M. GLANZMAN

ABSTRACT

On December 10, 1961, a nuclear device was detonated 1,200
feet underground in the massive salt of the Salado Formation
in southeastern Eddy County, N. Mex. In support of the public
safety program of the U.S. Atomic Energy Commission, the
water regimen of about 1,200 square miles, mostly east of the
Pecos River and within 15 miles of the project site, was inves-
tigated before, at the time of, and after the explosion. Preliminary
investigations determined that about 70 wells were in use in the
area around the Project Gnome site. The wells range in depth
from a few tens of feet to nearly 800 feet and tap water in rocks
of Permian, Triassic, Tertiary, and Quaternary ages. Most
ground water in the area is saline; however, it is a valuable
resource utilized for stock water. Seven test holes drilled at the
project site penetrated similar sequences of rocks overlying the
massive salt.

All aquifers in the Project Gnome area lie above the massive
salt of the Salado Formation. The only water at the project site
is contained in the Culebra Dolomite Member of the Rustler
Formation, a confined aquifer about 30 feet thick. The aquifer
is about 500 feet beneath the surface and about 200 feet above the
top of the salt. The potentiometric surface for the confined water
is 75 feet above the top of the aquifer and slopes 0.2 to 1.0 foot
per mile westward. Fluctuations of water levels observed in
wells are small. Data from a pumping test on the aquifer at the
Project Gnome site indicate that 100 gallons per minute could
be pumped continuously from a well for as long as 1 year without
lowering pumping levels below the top of the aquifer. Pressure
changes in the aquifer due to the release of water through drill
holes and removal by bailing were easily detected by a recording
gage.

Water levels in four observation wells at the site were being
recorded at the time of the nuclear explosion. The estimated
maximum rise of water level immediately following the explo-
sion was about 4 feet at a distance of 2,000 feet from ground
zero. About 3,200 feet from ground zero, the water level rose
about 2.2 feet, then gradually returned to normal level within a
period of about 11 hours, Water in the four test holes returned
to preexplosion levels 2 days after the explosion.

Continued observations of water level in those holes and three
additional observation wells indicated no anomalous water-level
finctuations after the nuclear explosion, suggesting that the
aquifer probably was not significantly ruptured by the explosion.

INTRODUCTION

Project Gnome, an underground nuclear experiment,
is a part of the U.S. Atomic Energy Commission Plow-
share Program which is directed toward the develop-
ment of peaceful industrial, scientific, and civilian uses
of nuclear explosions. The Project Gnome nuclear device
was detonated December 10, 1961, at 1200 m.s.t., about
25 miles southeast of Carlsbad, N. Mex., in an under-
ground chamber approximately 1,200 feet below the
earth’s surface in a thick, massive salt formation.

The U.S. Geological Survey, in support of the public
safety program of the U.S. Atomic Energy Commission,
made studies and investigations relative to Project
Gnome to provide information on the water regimen of
the project site and surrounding area before and after
the explosion. Primary objectives of the studies were
(1) determination of the hazard, if any, of the under-
ground nuclear explosion contaminating surface or
ground waters, and (2) if such waters were contam-
inated, determination of their rate of movement and of
the possible maximum concentration levels of contam-
inants in them. Preliminary studies of the physical
properties of the rocks by other investigators indicated
that the explosion would not rupture the beds above
those containing the explosion chamber.

This report described the hydrology and the general
geology of the Project Gnome area and project site and
discusses studies of ground-water hydraulics made by
the Geological Survey after the nuclear explosion.

LOCATION AND PHYSIOGRAPHIC SETTING

Ground-water and geologic investigations were made
in an area of more than 1,200 square miles in south-
eastern Eddy County and southwestern Lea County,
N. Mex. The site of Project Gnome is in the approximate
center of this area, in sec. 34, T. 23 S., R. 30 E., Eddy
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County, east of the Pecos River about 25 miles southeast
of Carlsbad (fig. 1). Detailed investigations of water
wells were made within a 5-mile radius of the Project
Gnome site.

The Project Gnome area is sparsely populated and is
utilized for cattle ranching, farming, potash mining,
and petroleum production. The climate is semiarid; the
average annual precipitation is about 12 inches. Drilled
wells are the principal source of water for livestock and
domestic uses.

The site is in the Pecos Valley section of the Great
Plains physiographic province. The Pecos River flows
through the southwestern part of the area and divides
the area physiographically into two sections ; east of the
river, the Mescalero pediment, and west of the river, the
alluvial plain north of Malaga and the Gypsum Hills
south of Malaga. The land surface east of the river
slopes about 30 feet per mile westward and is chiefly a
karst surface with numerous depressions ranging in
width from a few tens of feet to about 5 miles. Nash
Draw, the largest depression, extends southward
through the west-central part of the area. Within it are
several smaller depressions, the largest of which is
Laguna Grande de la Sal (Salt Lake). Much of the land
surface west of the river is mantled by dune sands, al-
though in places on the uplands, caliche is exposed, and
older formations crop out elsewhere.

METHODS OF INVESTIGATION

Reconnaissance fieldwork for this investigation was
done in October 1958. Wells were located, water levels
measured, and water samples, well logs, and other sub-
surface data collected from February through May
1959. Fifteen wells, nine of which were located within a
5-mile radius of the Project Gnome site, were investi-
gated during March and April 1959. The wells within
the 5-mile radius were reinvestigated in December 1961.
From July 1960 to June 1961, observations were made in
the shaft and tunnel that were being constructed for
access to the detonation point.

Geological Survey test holes 1, 2, 4, and 5 were drilled
near the site to expand knowledge of the water-bearing
formations in the immediate vicinity of the site and to
provide water-level observation wells during the nu-
clear experiment. Geological Survey test holes 4 and 5
were completed in December 1961 just before the
detonation.

Several reports on specific aspects of the ground water
of the Project Gnome area and site have been issued as
preliminary or progress reports. These reports, as well
as other reports used for background infomation, are
listed under “Selected References.”

HYDROLOGY OF NUCLEAR TEST SITES

WELL-NUMBERING SYSTEM

All wells referred to in this report are identified by
a location number used by the Geological Survey and the
State Engineer for numbering water wells in New
Mexico. The location number is a description of the
geographic location of the well, based on the system of
public land surveys. It indicates the location of the well
to the nearest 10-acre tract, if the well can be located
that accurately. The location number consists of a series
of numbers corresponding to the township, range, sec-
tion, and tract within a section, in that order, as illus-
trated in figure 2. If a well has not been located closely
enough to be placed within a particular section or tract,
a zero is used for that part of the number. Letters a, b,
and ¢ are added to the number to designate the second,
third, and fourth wells in the same 10-acre tract. .

GEOLOGY
REGIONAL SETTING

The Project Gnome site is in the northern part of the
Delaware basin (Adams, 1944 ; King, 1948 ; and Newell
and others, 1953), a deep oval sedimentary basin about
135 miles long and 75 miles wide in southeastern New
Mexico and western Texas. This structural basin is gen-
erally considered to be the area surrounded by the Capi-
tan Limestone (a reef limestone of Late Permian age)
(fig. 3). With notable exceptions, the Capitan Lime-
stone is buried beneath the present land surface. West
and southwest of Carlsbad, it is at the surface and
forms La Barrera del Guadalupe and E1 Capitan Peak.
Large caverns—primarily Carlsbad Caverns—were
formed in the reef limestone through the solvent action
of circulating ground water.

Southeastern New Mexico and adjacent parts of
Texas were submerged beneath the sea in Permian time,
and the pre-Permian rocks were buried beneath an
accumulation of sediments. The irregular floor of the
sea was characterized by structural basins, platforms,
and broad shelves. Fine sand and limestone accumu-
lated in the basins; reefs formed on the margins of the
shelves and platforms; limestone and sand accumulated
immediately behind the landward side of the reefs; and
gypsum, anhydrite, other evaporite rocks, and silt and
clay accumulated in the shallow waters of the shelves.
Eventually, the reef growth was halted by increasing
salinity of the sea water, and evaporite sediments (Cas-
tile, Salado, and Rustler Formations) were deposited
in the Delaware basin. Evaporite deposition was inter-
rupted during two intervals of time, during which the
water was less saline and limestone was deposited. To-
ward the end of Permian time, deposition of the evapo-

































GEOHYDROLOGY OF PROJECT GNOME SITE, NEW MEXICO

Roland F. Beers, Inc., was also completed as a ground-
water test hole.

This report contains data on the completion of these
three holes as ground-water test holes. Results of the
study of the rock cores are not included. Locations of
all seven test holes are shown in figure 7.

CONSTRUCTION

U.S. Geological Survey test holes 1 and 2 were drilled
in August and September 1960 for the purpose of test-
ing the occurrence of water in rocks above the top of
the salt of the Salado Formation.

Test hole 1 (993 ft south and 393 ft west of the
access shaft) was drilled to a depth of 722 feet. The
Culebra Dolomite Member of the Rustler Formation,
between the depths of 517 and 549 feet, contributed the
only water to the hole. After drilling to 722 feet the
hole was completed by plugging it with cement from
566 to 722 feet and perforating the casing opposite the
aquifer. The water in the hole rose to about 440 feet
below land surface (altitude of 2,985 ft above mean sea
level). A water sample was collected from the hole for
chemical analysis.

In test hole 2 (about 2 miles southwest of the access
shaft) the Culebra Dolomite Member was dry, and the
only water was in the section of rocks between the Cule-
bra and the top of the salt of the Salado Formation.
The hole was drilled to a depth of 607 feet and com-
pleted by slotting the casing opposite the water-bear-
ing formations, from 452 to 582 feet below land surface.
The water in the hole rose to about 894 feet below land
surface (altitude of 3,008 ft above mean sea level). A
water sample was collected from the hole for chemical
analysis.

Although a site was selected for test hole 3, a hole was
not drilled. Test holes 4 and 5 were completed in
November and December 1961. These two holes are
downgradient from the detonation point, in the general
direction of water movement, and were drilled for ob-
serving water levels and other hydrologic conditions
just before, during, and after the explosion.

In test hole 4 (394 ft north and 2,375 ft west of the |

access shaft), water was found only in the Culebra
Dolomite Member. The hole was drilled to a depth of
511 feet, and it penetrated the Culebra Dolomite Mem-
ber from 472 to 506 feet. It was completed with casing
to the top of the dolomite. Water in the hole rose to
about 429 feet below land surface (altitude of 2,984 ft
above mean sea level). A water sample was collected
from the hole for chemical analysis.

In test hole 5 (633 ft north and 3,175 ft west of the
access shaft), water was found at depths of about 417
feet, in the Magenta Dolomite Member of the Rustler
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Formation ; at about 500 feet, in the Culebra Dolomite
Member; and at about 685 feet, in the residual material
of the Rustler and Salado Formations directly above the
salt of the Salado Formation. The hole is constructed
so that only the water in the lower aquifer, just above
the salt, can enter the hole. This brine aquifer is only a
few feet thick. Water in the hole rose to about 490 feet
below land surface (altitude of 2,948 ft above mean sea
level). A water sample was collected from the hole for
chemical analysis.

Test holes 6 and 7 were drilled during the period from
January 31 to March 30, 1962. They are approximately
150 feet and 500 feet, respectively, S. 40° E. from ground
zero of the detonation point. Upon completion of drill-
ing and coring, the drill holes were used as ground-water
test holes to observe water levels and to provide
sampling points for water in the aquifer.

In test hole 6, drilled to a depth of 1,489 feet, water
was found only in the Culebra Dolomite Member. The
hole was completed by plugging it with cement from
1,489 to 567.5 feet and by perforating the casing opposite
the aquifer, between 498 and 532 feet. Water from the
aquifer rose to about 417 feet below the land surface
(altitude of 2,983 ft above mean sea level).

In test hole 7, drilled to a depth of 1,507 feet, water
was found only in the Culebra Dolomite Member. The
hole was completed by plugging it with cement from
1,507 to 563 feet and by perforating the casing opposite
the aquifer, between 514 and 545 feet. Water in the hole
rose to about 420 feet below the land surface (altitude
0f2,982 ft above mean sea level).

Water samples were collected after several hours of
bailing from both test holes 6 and 7. However, the
analyses indicate that the water sampled was not repre-
sentative of the water in the Culebra Dolomite Member
but instead was either brackish water used in the drill-
ing of the hole or a mixture of drilling water and water
from the aquifer.

Test hole 8 (alternately identified as the Carlsbad
Joint-Use well) was drilled in October 1962. Upon com-
pletion of drilling and coring, the drill hole was used
as a ground-water test hole for making water-level
observations. Test hole 8 is 125 feet due east of test hole
4, and the two holes are hydraulically connected.

In test hole 8, drilled to a depth of 722 feet, water was
found only in the Culebra Dolomite Member. The hole
was completed by plugging it with cement from 722 to
495.5 feet and leaving it uncased opposite the aquifer, be-
tween 460 and 494 feet. Water in the hole rose to about
429 feet below the land surface (altitude of 2,981 ft
above mean sea level). A water sample was collected
from the hole for chemical analysis.



Al4
TESTING

In December 1960, excavation work was stopped in
the vertical access shaft at a depth of 460 feet, about 35
feet above the top of the Culebra Dolomite Member, and
a water-sealing program was begun in the shaft to shut
out water from the aquifer. Holes were drilled into the
dolomite from the 460-foot level, and a cement and chem-
ical grout mix was injected into the formation under
pressure. The release of water and pressure through drill
holes from the aquifer during the water-sealing pro-
gram in the shaft and during the excavation of the
dolomite section was recorded graphically on the record-
ing gage installed in Geological Survey test hole 1.
Water level in the test hole stood about 442 feet below
land surface before the grout injection holes were
drilled into the aquifer. On December 12 and 13, 1960,
after the initial grout injection, several more holes were
drilled into the aquifer, and tests were made by the
excavation contractor to determine the amount of water
flowing from the individual open holes in the shaft.
The discharge of water into the shaft from any one hole
during this test was reported not to exceed 30 gpm. The
discharge of water from the holes into the shaft caused
a total water-level decline of about 1 foot in test hole 1.
(See fig. 94).

By February 10, 1961, the water level in test hole 1
had declined to about 444 feet. (See fig. 9B.) On Feb-
ruary 10, injection of grout behind the concrete shaft
liner, against the Culebra Dolomite Member in the in-
terval from 515 to 525 feet, reduced water leakage into
the access shaft from about 13 gpm to about 5 gpm.
In response to this partial sealing of the aquifer, the
water level in the observation well rose about 1 foot.
An additional water-level rise of about half a foot was
noted in the well on February 14, when the interval
from 490 to 515 feet was grouted, and the leakage of
water into the access shaft was reduced to minor seep-
age. After February 14, the water level in the aquifer
gradually rose toward its normal level.

Water-level fluctuations were also observed in test
hole 1 during bailing from test hole 4. (See fig. 9C.)
On December 4, while mud was being bailed from test
hole 4, the water level in test hole 1 temporarily de-
clined about one-quarter of a foot. A water-bailing test
in hole 4 on December 5, covering a period of 8 hours
at a bailing rate of 20 gpm, caused a water-level decline
of about 1 foot in test hole 1.

The sensitivity of the aquifer to internal water-pres-
sure changes was demonstrated by the fluctuations of
water levels in test holes 1 and 4 as a result of the 30
gpm discharge into the access shaft. These data suggest
that leakage of water out of, or into, the aquifer near
the shot point in amounts of 5 to 15 gpm would be
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noticeable on a recording gage installed in an observa-
tion well.

On March 16 and 17, 1963, a 24-hour pumping and
water-level-recovery test was made in test hole 1. The
objective of this test was to make a comparison
with the pumping-test data obtained in 1960 dur-
ing the drilling of the test hole, and to refine data on
the transmissivity and other characteristics of the Cule-
bra Dolomite Member.

Test hole 1 was pumped at a nearly constant rate of
54 gpm for a period of 24 hours with an electric-drive
submersible pump. Many of the water-level drawdown
measurements made in the pumped well were very er-
ratic due to periodic caving of loose silt down the an-
nular space behind the well casing, which temporarily
caused clogging of the perforations in the casing op-
posite the aquifer. The source of the silt is a zone of
weathered gypsum from 500 to 509 feet, about 9 feet
above the top of the aquifer. These conditions affected
only the pumping rates and the color of the discharged
water in the pumped well and were not reflected in the
measurements made in the two observation wells.

At the time of the 1960 pumping test in test hole 1,
no observation wells were available in which drawdown
measurements could be made to obtain data on the
storage coefficient of the aquifer. During the pumping
and recovery test in March 1963, observations of water
level were made in test hole 6 (1,960 ft N. 40° E. from
the pumped well) and in test hole 8 (2,310 ft N. 53° W.
from the pumped well) (fig. 7).

At the end of the 24-hour pumping period in test hole
1, the drawdown of water level in test hole 8 was 2.74
feet, and that in test hole 6 was 4.08 feet. The water
levels in both observation holes and in the pumped
hole returned to near normal during the recovery pe-
riod of 24 hours. Data obtained from measurements of
drawdown and recovery of water levels in the pumped
well and, in particular, in the two observation wells
were used to compute the transmissivity and the storage
coefficient. These data were then used to compute the
amount of water, at various pumping levels, that the
aquifer would yield over an extended period of time.
(See fig. 8).

INITIAL INVESTIGATION OF WATER WELLS
WITHIN 15 MILES OF PROJECT SITE

During the hydrologic investigations from October
1958 through May 1959, all known wells, used or un-
used, on the east side of the Pecos River within 15
miles of the Project Gnome site were visited. At that
time, water for domestic use for 12 installations was
supplied by wells east of the Pecos River. These instal-
lations include several ranch headquarters, single
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TABLE 2.—Records of wells in the Project Gnome area—Continued

Alth Water level Measuring point
tude Diam- Depth Distance Type of
Location No. Owner or name above Depth eter below  Date of above Geologic pump, Remarks
sea (feet) (inches) land- measure- Descrip- land- source power,
level surface mend tion surface and use
(feet) datum datum
(feet) (feet)
24,31,4.430 W.M. Snyder ........ 3,420 626.5 5 423.6 3-13-59 Tcb 0.9 Prc LW, 8 “Ingle well.”” Well not cased. L, CAl
7.1y o do. ... .. _ 3,510 850 7 68.4 3-25-59 Tec 1.2 Qg L, W S,D “Ranch Headquarters well.” We.l
cased to total depth, R. L, CA.
33.124 ... L T S, 3,460 698.0 5 474.2  3-12-59 Te 1.0 Prc L,W,8 “Keyhole well.” Well cased to total
depth, R. L, CA.
24.32. 3. 322 3,650 550 L, W,S8 “New well.” Two wells at this lo-
cation. Surface casing only, R.
3.822a ... do_ ... 3,650 500 N,N,N Wexlllldry and caved in. Surface casing
only, R.
10344 ... L [+ I, 3,588 60 L,W,8,D “Ranch Headquarters well.” Surface
casing only,
24.32,33,422 Richard Ritz_._______ 3,510 366.4 12 313.4 2-18-59 L,W,8 ‘“Burro well.””
25.29. 2.111 3, 140.0 8 100.6 10-23-58 N,N,N Potash test hole. Drilled to 857 feet.
16. 444 3,025 200(?) 6 170.1 8-19-58 , W, 8 “Pickett well.”” Well cased to total
depth, R. CA.
32.211  _____ L [+ 2,085 110.6 8 98.7 3-24-59 N, N, N Su{fage Aca.sing only. Potash test hole.
25,30, 7.111 W.M. Snyder.......__ 3,170 385.6 7 263.3 3 7-59 L,W,8 ‘“‘Carper well.” Well cased to 250 feet.
Oil test hole converted to water
well. L, CA.
7.330 Ralph Lowe._ 6-14-51 ___ ... QTu N, N, N Drilled to supply water for oil tests.
8,224 W.M. Snyder 8-19-58 N,N,N Three wells at this location.
8.224a _____do. . 3,220 oo N,N, N Hole crooked, R.
8.224b .. 6-14-61 L, W,8 “Tomeat well.”
12,113 . 3-25-59 N, N, N Drilled to su{,\ply water for oil test. L.
21,333 J.G. Ross____........ 2- 5-59 LW, 8, D Well cased o total depth, R. CA.
25.31,21.400 Mrs. E. R. Johnson 2-17-59 L,W,S8,D
and others.
25.33.20.443 ... ____....... 3,395 200~ 6 e iieiicaaao & L, W,8
26. 29, 22, 340 .G.ROSS..._.___... 8-19-58 Tec 2.0 Prc L, W,8 Well not used recently.
26.30, 5334 El Paso Natural Gas 2-18-59 Epb L9 QTu T, Ic, In, D Water well No. 1 Pecos Turbine sta-
tion. Cased to total depth.
5343 _____ do ............... 8-18-58 Tap 3.3 QTu T, Ic, In, D Water well No. 2 Pecos Turbine
station. Cased to total depth. CA.
8.111 Mrs.dE.tR. Johnson 3,085 400 7 163.8 2-18-59 Tem 3 QTu L, W8 “West well.””
and others.
26.31. 8,310 Ross Estate..__._____. 3,230 300.6 6 P287.1 2-18-59 Te¢ 1.4 QTu L, W,8,D *“Ranch Headquarters well.” Two
wells at this location.
3,230 324.5 6 275.8 8-18-58 Tec L5 QTu N, N, N Well has never been placed in ser vice

cal characteristics and radioactivity background level
of the water in the study area before the nuclear explo-
sion. Results of chemical and radiochemical analyses are
given in tables 3 and 4.

Because of the lapse of time between the nuclear event
and the original investigation of the nine privately
owned wells within a 5-mile radius of the test site, a
second investigation of the wells (and of an additional
well drilled in May 1961) to establish their depth and
water level and to determine the condition of pumps
was made November 23 to December 9, 1961. For both
investigations the pumps were removed by a contractor
of the U.S. Atomic Energy Commission, and measure-
ments were made by personnel of the U.S. Geological
Survey.

The owner, depth of well, depth to water, and condi-
tion of the pump for each well within the 5-mile radius
are listed in table 5. Depth and water-level data ob-
tained from both investigations are included.

OBSERVATIONS AT TIME OF NUCLEAR
EXPLOSION

At the time of the nuclear explosion, ground-water
levels close to the site were under observation at U.S.

Geological Survey test holes 1, 2, 4, and 5. Observations
were also made in two wells near the Malaga Bend of
the Pecos River south of Carlsbad, N. Mex., 9 miles west
of the project site, and in others wells to the north in the
Roswell artesian basin.

The four observation wells at and near the project
site had float-type continuous recording gages. The re-
cording gages consist essentially of a height-element
mechanism to register the level of the water surface and
a clock movement which feeds a chart at a constant rate
while a marking stylus moves laterally across the chart
and produces a graphic record of water level against
time. Water-level changes are transmitted to the height-
element mechanism and stylus by a wire line attached
to a counterweighted float which rests on the water
surface. The gages were equipped with a time-element
mechanism which moved the chart at a rate of 0.1 inch
per hour. The height element registered a graph change
of 2 inches for each foot of water-level change in holes
1 and 4, and 10 inches for each foot of water-level
change in holes 2 and 5.

The recording gages were housed in metal shelters
over the well casing. The shelters were securely bolted
to a concrete platform, and the gages were fastened to

the shelters. For several days before the explosion, the
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