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DEPLETED URANIUM INVESTIGATION AT MISSILE

IMPACT SITES IN WHITE SANDS MISSILE RANGE

by

D. M. Van Etten and W. D. Purtymun

ABSTRACT

An investigation for residual depleted uranium was conducted at

Pershing missile impact sites on the White Sands Missile Range. Subsurface

core soil samples were taken at Chess, Salt Target, and Mine Impact Sites.

A sampling pump was installed in a monitoring well at Site 65 where a

Pershing earth penetrator was not recovered. Pumping tests and water

samples were taken at this site. Chess Site, located in a gypsum flat, was the

only location showing elevated levels of depleted uranium in the subsurface

soil or perched groundwater. Small fragments can still be found on the

surface of the impact sites. The seasonal flooding and near surface water

has aided in the movement of surface fragments.

I. INTRODUCTION

White Sands Missile Range (3AfSMR)requested site investigations of Pershing missile impact sites to

determine the distribution, if any, of depleted uranium from the impact of the missile's earth penetrator. In

most cases, the earth penetrator had been recovered and scrap resulting from the impact was cleaned up;

however, small particles of depleted uranium may remain. Two types of investigation were undertaken.

The first study was conducted to determine the effect on an aquifer penetrated by a Pershing missile.

The study was made at Site 65 where a Pershing earth penetrator containing depleted uranium was tested in

June 1976. The missile penetrated the earth to a depth of about 200 fl into an aquifer in the area. Recovery

operations taken at the time were unsuccessful. A monitoring well was completed adjacent to the missile

in August 1986 to monitor the aquifer. Partof the investigation involved installing a pump in the well and

monitoring the aquifer to determine the quality of water with reference to depleted uranium.

Water from the aquifer was analyzed for total uranium and the ratio of 235U[238U, to determine if

depleted uranium was being leached from the weapon or fragments of the weapon. Uranium and the

uranium ratios analyses were performed by Inductively Coupled Plasma Mass Spectrometry (ICPMS).

Standard methods of analyses were performed to determine chemical quality of water.
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The second study was done to determine the distribution and concentration in the subsurface at impact

sites of missile earth penetrators containing depleted uranium. The sites chosen were (a) Chess Site which

is underlain by gypsum, (b) Salt Target Site which is underlain by anhydride and clays, and (c) Mine Site

which is underlain by siltstones, sandstones, and occasional lens of limestone and gypsum. The earth

penetrators had been recovered; however, some very small fragments of depleted uranium may still remain.

The study obtained samples for analyses in the missile impact area. One core hole was looted in the

impact area of the weapon and several satellite holes were cored to assess the area adjacent to the actual

earth penetrator impact point.

Cores from the impact area were analyzed using the ICPMS method for total uranium and the ratio of

2350/2380. Cores from the satellite holes were analyzed for total uranium by Delayed Neutron Activation

(DNA). The DNA analyses are not as sensitive as those done by ICPMS and are used for screening

purposes.

Natural uranium occurs in all earth materials in varying concentrations according to rock type. Both

the ICPMS and DNA methods of analyses for total uranium include the natural uranium. If fragments of

depleted uranium are present in the sample, the reported concentration will be excessive. ICPMS analyses

for the ratio of 2350/2380 are used to determine depleted uranium. The normal ratios range from 0.0060 to
0.0080 or average about .0070. Samples in the area ranged from 0.0076 + 0.0003 to 0.0092 + 0.0020

(Table 1). A report by Becker (Becker 1991) established the ratio to be 0.0072 + 0.0008.

II. SITE 65

Site 65 is a missile impact site located in the southern part of the Missile Range near the center of the

valley just north of U.S. Highway 70 (Fig. 1).

The background material in the following paragraphs was summarized from the U. S. Geological

Survey (USGS) report on drilling and completion of a monitoring well at Site 65 (USGS 1986).

In June 1976, a Pershing D-38 Earth Penetrating Missile containing about 80 lbs of depleted uranium

impacted at the site. All investigation and recovery effort took place in 1977; however, there is no record

of the outcome of the effort. The recovery operations included two test holes and a shaft sunk over the

missile (Fig. 2). The shaft was sunk to the top of the earth penetrator at a depth of about 194 ft and was

cased with a 4 ft-diameter steel casing that extends about 2 ft above land surface (LSD).

In August 1986 the USGS drilled a monitoring well about 15 ft southeast of the shat_ (Fig. 3). The hole
was drilled using water aPd a rock bit of 9-7/8 in. diameter. The well was cased with 4-in. diameter PVC

plastic pipe.

During the recovery effort in 1977, a 4-ft diameter casing set above the earth penetrator was grouted in

and backfilled with bentonite slurry to a depth of 122 ft. The casing was found to contain water to a depth

of 95.9 ft during a site visit in February 1991 (Fig. 2). The log indicates that the earth penetrator penetrated

a sand that is saturated. The USGS indicated that the sand is probably part of a regional aquifer that moves
to the southeast with a gradient of about 7.5 ft/mile.
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A. Investigation 1991 and 1992

Site 65 was visited and data collected in February, March, and June of 1991, and in March of 1992.

1. February 1991

The site visit of February 25, 1991, was made to evaluate the conditions of the monitoring well with

reference to installation of a pump. Water level in the monitoring well was 69.7 ft below LSD. The depth

of the well was determined to be 197 fl below LSD. Seven fl of screen opening (190 to 197 ft) were left

opposite the earth penetrator or impact area of the earth penetrator in the sand (Figs. 2 and 3).

Prior to determination of the depth of the well water, samples were collected at depths of 75, 100, 150,

175, 190, and 197 (bottom) fl (Tables I and 2). The total uranium in the samples ranged from 17.2 to
19.4 _tg/L. The ratio 235U/'238U ranged from 0.0061 to 0.0077, within the range of natural uranium. There

was no indication of the dispersion of depleted uranium from the earth penetrator or fragments of the earth
penetrator in the sand and aquifer.

A water sample was also collected from the shaft at the bottom at a depth of 122 ft. The total dissolved

uranium was 1 _tg/L while the uranium concentrations were too low to determine the ratio of 235U/238U. A

background sample collected from a water tanker at the NASA operations strip indicated a total dissolved

uranium concentration of 1.9 _tg/L. Uranium concentrations were too low to determine ratios.

2. March 1991

During a site visit a small monitoring pump was installed in the well and samples were collected on

March 19 and 20, 1991. The pump is an air-driven bladder-type in which the water sample does not come

in contact with the air. The pump was set at a depth of 180 fl, about 10 fl above the top of the screens

(Fig. 3). The pumping rate of the bladder pump is low, 0.5 gallons per minute (gpm).

Prior to setting the pump on March 19, an additional water sample was collected from the bottom of the

hole with a bailer. The total uranium was 20.3 _g/L with a 235Uf138U ratio of 0.0078 (Table 2).

The well was pumped for about 30 minutes removing about 15 gallons of water from the well. The

total uranium was 15.2 gg/L with a ratio of 0.0088 (Table 2).

On March 20 the well was pumped for 70 minutes with about 35 gallons of water removed from the

well. The water level declined from 68.7 to 73.8 ft. The water coming through the screen section was

muddy. Samples were collected at 50, 60, and 70 minutes of pumping (Table 2).

A water sample taken 20 minutes prior to fresh water entering the pump from the screen section was

14.3 _tg/L with a 235U/238U ratio of 0.0070 (Table 2). At 40 minutes to 70 minutes, when water was

muddy, the total uranium ranged from 14.2 to 15.2 _tCi/L,with 235U/238U ratios of 0.0075 to 0.0085. The

uranium levels and ratios indicate uranium in water pumped from the well is natural.

The suspended solids were filtered from the samples collected at 60 and 70 minutes and were analyzed

for total uranium in the suspended sediments. The total uranium reported was 5.0 and 5.8 lxg/L (Table 2).



DepletedUraniumInvestigationetMissile
ImpactSitesinWhiteSandsMissileRange

Analyses of the drawdown and recovery of the water level of this pumping period indicated that the

sand unit has a coefficient of permeability of about 8 gallons per day/sq ft. With a gradient of 7.5 ft/mile,

the velocity of movement in the aquifer is very slow, probably in the range of 15 to 25 ft/year.

3. June 1991

T_,e monitoring well was sampled again on June 12, 1991. The samples were collected at 5, 120, and

130 minutes of pumping (Table 2). Total uranium ranged from 14.2 to 14.8 p,g/L in the range of natural
uranium.

The chemical quality of water determined from three samples indicated the water was of a sodium-

sulfate type with high chlorides. The total dissolved solids were high, ranging from 4,000 to

4,800 milligrams/L. The water quality is typical for the area in part due to the underlying or adjacent

gypsum formation (Table 3).

4. March 1992

The monitoring well was sampled again on March 7, 1992. The well was pumped for a 9 hour period at

a rate of about 0.65 gpm. The water level declined from 70 ft at the start of the test to 76.5 ft when the last

sample was taken. Sixteen water samples were collected during the nine hours of pumping. The total

uranium was about 11 Ixg/L during the first 30 minutes of pumping and declined to range from 7.1 to 9.1

_tg/L. The uranium ratio varied from sample to sample; however, with the error term, remained within the

range of natural uranium with a average of 0.0072 + 0.0008 (Table 2).

III. Missile Impact Areas at Chess, Salt Target, and Mine Sites

Subsurface investigations were made at individual missile impact areas at these three sites by collecting

cores from select depth intervals. The cores were collected using a continuous coring within an auger. The

auger removed the excess cuttings and the samples taken came in contact with only the core barrel. No

fluids, water or air, were used in the coring operations. The core runs are 5 ft in depth. Core barrels are

decontaminated after each core run before being used again.

At each of the three sites, the missile earth penetrator had been recovered. The depth of penetration

was 20 ft or less. All scrap and fragments of the missile were collected and the excavation was filled with

soil or material excavated from the hole. The initial hole was cored at this impact area, in the refilled

excavated material. On the surface, small fragments of metal, wire, plastic, and scrap remain as a result of

the missile impact. Visual examination of the surface at the sites indicated only small fragments of

depleted uranium (less than 0.25-in dia) at Salt Site.

Five holes were drilled at each site, one in the impact area and four adjacent holes north, east, south,

and west of the impact area hole. The distances of the four adjacent holes varied from the impact hole,

allowing for the direction of the missile fragments after impact. In addition, background holes were cored

at a distance from the main area of investigation to allow comparison of the analytical results. The cores

were logged, at which time visual inspection did not detect any debris fragments, metal, plastic, or depleted

uranium in the cores either from the hole cored in the impact (refilled area) or from the satellite holes. The

geologic logs of cores described during coring operations are found in Appendix A.
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A. Chess Site

Chess Site is located in a gypsum flat and is underlain by an unknown thickness of gypsum. The site is

in the lower part of the valley north of White Sands National Monument and south of the NASA landing

strip (Fig. 1).

Five holes were cored at and adjacent to the impact area (Fig. 4). The holes ranged in depth from 9 to

28 ft. Water was encountered in all the holes at a depth of 6 to 10 ft. Two of the holes were cased as

observation wells and two, including the background hole located about 400 ft to the north, were left

uncased to allow for collection of water samples (Fig. 5). The other two holes were plugged and
abandoned.

1. Water Analyses

On June 18, 1991, four water samples were collected from the test holes in and adjacent to the impact

area and one sample was collected from the background hole. Two volumes oi water were removed from

the cased holes prior to the collection of samples (Holes CI-Hole and N-Hole). Hole CI-Hole was bailed

dry and a second sample collected. The two uncased holes, S-Hole and Bkg-Hole, were also sampled.

The chemical quality of water from the three holes is a predominate sodium-sulfate with high chlorides

that is typical of the gypsum where the water was encountered. The concentration of total dissolved solids

is high, ranging from 10,000 to about 40,000 milligrams/L. The variations in concentrations in some of the

chemical constituents are due in part to cased or uncased holes where the concentrations are elevated; the

error terms are enlarged to as much as 20% (Table 4). !
I

The total uranium in the water was high, ranging from a low of about 13 (one sample) to 4S9 ttg/L. If !
the chemistry for the sample would support ratios of 235U/238U, the measurement would determine if the

elevated uranium is natural or from missile fragments. Ratios of 0.0017 (S-Hole), 0.0037 (N-Hole), and

0.0051 (CI-Hole, impact hole) indicate depleted uranium from the missile fragments (Table 4). The
uranium was leached from the missile fragments and is moving with the water in the gypsum.

2. Core Analyses

The total uranium from the background hole averaged 1.3 ttg/g while the ratios averaged 0.0079. The

total uranium in the impact hole (CI-Hole) was elevated near the surface at 16 Ixg/g (Table 5). The ratios in

the upper two samples, 3 and 8 ft, were 0.0002 and 0.0058 respectively indicating some depleted uranium

from missile fragments. The total uranium in S-Hole was slightly elevated with some concentrations

ranging from 3 to 5 ttg/g. Both the cores and water from S-Hole were above natural levels, indicating the

presence of depleted uranium fragments in and adjacent to the impact area.

B. Salt Target Site

Salt Target Site is located near the center of the missile range (Fig. 1). The site is underlain by silts,

clays, and anhydrides. No water or excessive moisture was encountered in coring in the area. Five holes

were cored at the site (Fig. 6). The holes ranged in depth from 24 to 29 ft. Two background holes were
cored about 500 ft to the northwest.
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1. CoreAnalyses

Total uranium in the cores from the backgroundhole averaged1.4 lag/gwhile the averageratioswere
0.0080, in the rangeof natural uranium. No significant difference in the concentrations of total uranium
and ratios in the S-Hole (impact area)and the total uraniumin thesatellite holes SW-Hole, SE-Hole,

NE-Hole, and NW-Holewas found when compared to the data fromthe background hole (Table 6).
Depleted uranium from the missile impactwas not detectedupon analyses of the core.

C. Mine Site

Mine Site is located in the north end of the missile range(Fig. 1). The site is underlainby silts, clays,
sandstones, and limestone lens. Fourholes were coredat the site (Fig. 7) in areas that would reflectthe
maximum effect of the impacted missile. The core holes ranged from29 to 49 ft in depth. The background
hole is located about 600 ft to the west. The holes were dryand moisturecontent was ata minimum.

1. Core Analyses

Total uranium concentration in cores from the backgroundholewas 1.0 txg/gwhile the average ratio
was 0.0074. S-Hole (impact area) average total uranium was 1.3 lxg/gwith a ratioof 0.0088 which is in the
range of natural uranium. The total uranium from cores from E-Hole, C-Hole, and W-Hole indicated no

depleted uranium from the impact of the missile in thearea (Table 7).

IV. CONCLUSIONS

Analysis of watersamples fromthe aquiferadjacent tothe missileat Site 65 showed that uraniumin the

aquiferwas naturaland no dispersionof depleteduraniumfrom the earth penetrator or fragments of the
earth penetratorwas indicated.

Waterand coresamples fromChess Site indicatedthat missile fragmentswere present in thearea and
that waterencounteredin the hole was contaminatedwith depleteduranium leached from the missile earth
penetratoror fragments.

Concentrationsof total uraniumand uranium ratiosfrom cores from testholes at Salt and Mine Sites

showed only natural uraniumwith no indication of depleteduraniumin samples collected at these sites.
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Table 1. Uranium Analyses from Miscellaneous Sources in or
near White Sands Missile Range.

Total U Ratio

Source (_tg/L) 235uf238U

Main Post 1.5 ± 0.2 __a
White Sands Monument 2.3 ± 0.2 ma
HELSTF 3.1 ± 0.2 0.0092 ± 0.0020
HTA Well 77.8 ± 3.9 0.0076 ± 0.0003

Site 65 Shaft b (2/25/91) 1.0 ± 0.2 __.a
Water from Tank-NASA

Operation Strip (2/25/91) 1.9 ± 0.2 __a

a235U concentration too low to measure.

bSample bailed from 4 ft diameter shaft bottom at 122 ft;
water level 95.1 ft LSD 2/25/91.
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Table 2. Total Uranium and Ratio 23sU/Z3sUin Water
from Site 65 Monitoring Well. •

February 25, 1991b !

Depth Total U Ratio
(ft) (ttg/L) 235U/23sU

75 17 ± 0.8 0.0072 ± 0.0002
100 19 ± 1.0 0.0075 ± 0.0017
150 17 ± 0.9 0.0065 ± 0.0009
175 16 ± 0.8 0.0061 ± 0.0024
190 18 ± 0.9 0.0077 ± 0.0007
197 18 ± 0.9 0.0077 ± 0.0009

17.5 ± 1.1 0.0071 ± 0.0007

March 19, 1991

Pumped Total U Ratio
(min) (ttg/L) 235U/23sU

Bailed 20 ± 0.8 0.0078 ± 0.0004

Pumped 30 min 15 ± 0.6 0.0088 ± 0.0005

17.5 ± 3.5 0.0083 ± 0.0007

March 20, 1991

Pumped Total U Ratio
(min) (Ixg/L) 235U/23SU

20 14 ± 0.6 0.0070 ± 0.0015
40 15 ± 0.6 0.0075 ± 0.0005
50 15 ± 0.6 0.0085 ± 0.0005
60 15 ± 0.6 0.0077 ± 0.0010
70 14 ± 0.6 0.0083 ± 0.0002

x' 14.6 ± 0.6 0.0078 ± 0.0006

June 17,1991

Pumped Total U
(min) (_tg/L)

5 14.2 ± 0.7
120 14.7 ± 0.8
130 14.8 ± 0.6

x 14.6 ± 0.3
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Table 2. (Coat.)

March 7, 1992

Pumped Total U Ratio
(min) (_tg/L) 235Uf138U

14 11.5 ± 1.2 0.0083 ± 0.0010
30 11.1 ± 1.1 0.0071 ± 0.0002
60 8.6 ± 0.9 0.0068 ± 0.0012
90 8.9 ± 0.9 0.0068 ± 0.0011

120 9.1 ± 0.9 0.0067 ± 0.0016
150 8.5 ± 0.9 0.0082 ± 0.0007
180 9.0 ± 0.9 0.0068 ± 0.0009
210 9.1 ± 0.9 0.0072 ± 0.0004
330 8.0 ± 0.8 0.0064 ± 0.0013
360 7.4 -,-0.7 0.0087 ± 0.0013
390 7.1 ± 0.7 0.0071 ± 0.0012
420 7.6 ± 0.8 0.0058 ± 0.0010
450 7.8 ± 0.8 0.0078 ± 0.0010
480 7.7 ± 0.8 0.0078 ± 0.0017
510 7.7 ± 0.8 0.0070 ± 0.0006
540 7.8 ± 0.8 0.0074 ± 0.0002

8.6 ± 1.2 0.0072 ± 0.0008

aAnalyses by inductively coupled plasma mass spectrometry (ICPMS).

bSamples bailed from select zones for background prior to installation of
pump.

10
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Table 3. Chemical and Miscellaneous Analyses of Water
from Site 65 Monitoring Well.

Pumped Pumped Pumped
5 min 120 min 130 min

Chemical Analyses

(mg/L)

Si02 30 28 28
Ca 420 470 470

Mg 140 150 150
K 9 9 10
Na 790 930 880
Cl 285 358 346
F -- 1 --
Total

Alkalinity 81 70 82
S04 3 600 3 700 3 600
N03-N 4 5 4
TDS 4 000 4 800 4 500
Total
Hardness 1 625 1 791 1 791

pH -- 8 --

Miscellaneous Analyses

Thorium (_g/L) 1.2 ± 1.0 2.4 ± 1.0 1.0 ± 1.0
Tritium (pCi/L) 700.0 ± 300 600.0 ± 300.0 300.0 ± 300.0
Total U (ptg/L) 14.8 ± 0.6 14.2 ± 0.7 14.7 ± 0.8
Ratio 235U/238U .......a _...a _...a

a235U concentration too low to measure.

11



Table 4. Chemical and Miscellaneous Analyses of Water
from Holes at Chess Site.

Background
Hole CI Hole CI Hole a N Hole S Hole

Chemical Analyses _
(mg/L)

SiO2 18 25 12 18 17
Ca 1 100 680 540 490 630

Mg 1 100 470 1 400 900 1 200
K 500 61 480 840 610
Na 62 000 2 800 8 400 5 200 7 400

C1 17 000 4 000 18 000 13 000 17 000
F 2 1 1 <1 2
Total

Alkalinity 180 197 138 160 160
tO S04 16 900 4 800 14 000 16 200 14 800

N0a-N 6 3 7 4 7
TDS 39 500 10 900 37 300 36 800 37 800
Total

Hardness 7 276 3 633 7 114 4 930 6 515

pH 7.4 8.3 7.9 7.3 7.6

Miscellaneous Analyses
Thorium (lag/L) 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 1.0
Tritium (pCi/L) 200.0 ± 200.0 800.0 ± 300.0 200.0 ± 300.0 300.0 ± 300.0 1 300.0 ± 300.0
Total U (lag/L) 39.0 ± 2.0 17.8 ± 0.7 40.0 ± 2.0 87.0 ± 4.4 489.0 * 25.0
Ratio 235U/238U b ub 0.0051 ± 0.0031 0.0037 ± 0.0010 0.0017 ± 0.0004

aHole bailed dry, sample taken after well recovered.
b235U concentration too low to measure.
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Table 5. Total Uranium and Ratio 23su/zaaU
from Test Holes at Chess Site.

Background Hole

Depth Total U Ratio
(ft) (_tg/g) 235U/23su

4 0.63 ± 0.06 0.0096.0.0017
9 0.98 ± 0.10 0.0083 ± 0.0020

14 1.40 ± 0.14 0.0083 ± 0.0010

19 0.84 ± 0.08 0.0076 ± 0.0034 i
24 1.80 ± 0.18 0.0068 ± 0.0008
29 1.90 ± 0.52 0.0068 ± 0.0020

,V 1.30 ± 0.52 0.0079 ± 0.0011

CI Hole (Impact Area)

Depth Total U Ratio
(ft) (p.gjg) 235U/23SU

3 16.0 ± 1.60 0.0019 ± 0.0002
8 1.4± 0.14 0.0058 ± 0.0019

13 2.0 ± 0.20 0.0064 ± 0.0006
18 1.5 ± 0.15 0.0074 ±0.0008
23 1.9 ± 0.19 0.0074 ± 0.0004

•" 4.6 ± 6.40 0.0058 ±0.0023

S Hole E Hole

Depth Total U Depth Total U
(ft) (l.tg/g) (ft) (_g)

3 4.0 ± 0.40 4 0.9 ± 0.1
8 5.0 ± 0.50 9 1.0 ± 0.1

13 3.0 ± 0.40 14 0.6 ± 0.1
18 0.6 ± 0.06 16 1.0 ± 0.2
23 3.0 ± 0.30
28 2.0 ± 0.20 z 0.9 ± 0.2

z 2.9 ± 1.50

N Hole WHole

Depth Total U Depth Total U
(ft) (_g/g) (ft) (lxg/g)

4 1.0 ± 0.10 4 1.0 ± 0.2
9 1.0 ± 0.20 9 2.0 ± 0.2

14 2.0 ± 0.2
18 1.0 ±0.2

z 1.0 ± 0.00
z 1.5 ±0.6
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Depleted Uranium Investigation at Missile

Impact Sites in White Sands Missile Range

Table 6. Total Uranium and Ratio 235U/Z38U

from Test Holes at Salt Site.

Background Hole

Depth Total U Ratio
(fl) (_tg/g) 235U/238U

4 0.85 + 0.09 0.0084 ± 0.0029
9 0.79 ± 0.08 0.0082 ± 0.0014

14 1.80 ± 0.18 0.0086 ± 0.0011
19 2.40 ± 0.24 0.0073 ± 0.0019
24 1.30 ± 0.13 0.0068 ± 0.0015
29 1.30 ± 0.13 0.0077 ± 0.0010
34 1.10 ± 0.11 0.0083 ± 0.0011
39 0.50 ± 0.05 0.0087 ± 0.0012

.e 1.40 ± 0.57 0.0080 ± 0.0007

S Hole (Impact Area)

Depth Total U Ratio
(ft) (_tg/g) 235U/238U

4 1.50 + 0.15 0.0084 ± 0.0004
9 1.50 ± 0.15 0.0085 ± 0.0019

14 1.80 ± 0.20 0.0082 ± 0.0022
19 3.60 ± 0.40 0.0076 ± 0.0011
24 0.35 ± 0.04 0.0084 + 0.0014
29 0.94 ± 0.09 0.0095 ± 0.0007

1.60 ± 1.10 0.0084 ± 0.0006

S W Hole SE Hole

Depth Total U Depth Total U
(ft) (_g/g) (ft) (p,g/g)

4 2.0 ± 0.20 4 2.0 ± 0.20
9 1.0 ± 0.10 14 2.0 ± 0.20

14 2.0 ± 0.20 19 3.0 ± 0.30
19 3.0 ± 0.30 24 0.6 ± 0.06
24 0.6 ± 0.06
29 O.1 ± 0.01 x 1.9 ± 1.00

x 1.5 ± 1.10
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Depleted Uranium Investigation at Missile

Impact Sites in White Sands Missile Range

Table 6. (Cont.)

NE Hole NW Hok'

Depth Total U Depth Total U
(ft) (.g/g) (ft) (.g/g)

4 2.0 ± 0.20 4 0.4 ± 0.04
9 2.0 ± 0.20 9 2.0 ± 0.20

14 2.0 ± 0.20 14 2.0 ± 0.20
19 3.0 ± 0.30 19 3.0 ± 0.30
24 0.5 ± 0.05 24 5.0 ± 0.50
29 1.0 ± 0._0 29 1.0 ± 0.10

:e 1.8 ± 0.88 x 2.2 ± 1.60
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Depleted Uranium Investigation at Missile

Impact Sites in White Sands Missile Range

Table 7. Total Uranium and Ratio 23sU/23su
from Test Holes at Mine Site.

Ba ckgro und Hole

Depth Total U Ratio
(rt) 235u/23su
4 1.20 + 0.10 0.0073 + 0.0013
9 0.74 -,-0.07 0.0102 ± 0.0038

14 0.65 ± 0.07 0.0072 ± 0.0014
19 0.75 ± 0.08 0.0063 ± 0.0011
24 0.90 ± 0.09 0.0073 ± 0.0008
29 1.10 ± 0.11 0.0078 ± 0.0010
34 0.74 ± 0.07 0.0065 ± 0.0022
39 0.71 ± 0.07 0.0062 -,-0.0016
44 1.80 ± 0.18 0.0078 ± 0.0004
49 1.70 ± 0.17 0.0075 ± 0.0004

.Y L03 ± 0.42 0.0074 ± 0.0011

S Hole (hnl,act Area)

Depth Total U Ratio
(ft) ( t.l,_,].i_) 235U/238U

4 0.83 ± 0.08 0.0085 ± 0.0038
9 0.84 ± 0.08 0.0100 ± 0.0032

14 0.87 ± 0.09 0.0118 ± 0.0010
19 1.20 ± 0.10 0.0095 ± 0.0007
24 1.20 ± 0.12 0.0079 ± 0.0007
29 1.20 ± 0.12 0.0095 ± 0.0010
34 1.20 ± 0.11 0.0073 ± 0.0014
39 1.20 ± 0.10 0.0072 ± 0.0009
44 1.80 -,-0.18 0.0085 ± 0.0005
49 2.30 ± 0.20 0.0076 ± 0.0009

._ 1.26 ± 0.46 0.0088 ± 0.0014

E Hole C Hole

Depth Total U Depth Total U
(ft) (ft)
4 2.0 ","0.20 4 2.0 ± 0.20
9 1.0 ± 0.10 9 1.0 ± 0.10

14 1.0 ± 0.10 14 1.0 ± 0.10
19 1.0 ± 0.10 19 1.0 ± 0.10
24 1.0 ± 0.10 24 2.0 ± 0.20
29 1.0 ± 0.10 29 1.0 ± 0.10

34 1.0 ± 0.10
1.2 ± 0.41 39 2.0 ± 0.20

1.4 ± 0.52
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Depleted Uranium inveMigation at Missile

Impact Sites in White Sands Missile Range

Table 7. (Cont.)

WHole

Depth Total U
(ft) (ttg/g)

4 2.0 ± 0.20
9 1.0 ± 0.10

14 1.0 ± O.10
19 1.0 ± 0.10
24 2.0 ± 0.20
29 1.0 ± O.10
34 1.0 ± 0.10
39 2.0 ± 0.20

1.4 ± 0.52
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Depleted Uranium Investigation at Missile

Impact ,c;/tesin White Sands Missile Range

1-25
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Figure1. Generalizedlocation of Site 65, Chess, Salt, and Mine Sites on White Sands
Missile Range in southernNew Mexico.
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Depleted Uranium Investigation at M_le

Imp_t Sites in _ _n_ M_siie Ran_
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Depleted Uranium Investigationat Missile

Impact Sites in White Sands Missile Range
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Figure 3. Well construction, water level (2/25/91), and pump setting on monitoring
well Site 65.
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Depleted Uranium Investigationat Missile

Impact Sites in White Sands Missile Range

5.6
O Bkg Hole

29

i

6.2 O N
9

Dry 4.90 C] 7 E
---'--- • 23 .._._ •

19 W 18

5.4 oS

Explanation 28

0 w._aterlevel (ft) ,
depthdrilled(ft)

0 10 20
• hoaep_ugged I I I I I _
0 cased or openhole

Figure4. Locationof test holes at ChessSite.
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Depleted Uranium Investigation at Missile

Impact Sites in White Sands Missile Range
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ImpactSitesinWhiteSandsMissileRange
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Figure6. Locationof test holes at Salt Site.
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Depleted Uranium Investigation at Missile

Impact Sites in White Sands Missile Range

backgroundhole

1,000 It to west

3-.-Lo w
2--'_'90 E

3---Lo
C

• Impactpoint

49 os

depth(ft) O Test Hole

Note: Allholesdry, 0 10 20

plugged,andabandoned I i i i I "

Figure7. Locationof test holes at Mine Site.
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Impact Sites in White Sands Missile Range

APPENDIX A

Geologic Logs of Core Holes
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