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SUPPLEMENTARY DOCUMENTATION FOR AN ENVIRONMENTAL IMPACT STATEMENT
REGARDING THE PANTEX PLANT:

GEOHYDROLOGIC INVESTIGATIONS

by

William D. Purtynun, Naomi M. Becker, and Max Maes

ABSTRACT

This report documents work performed in support of preparation of an
Environmental Impact Statement (EIS) regarding the Departinent of Energy’s Pantex
Plant near Amarillo, Texas. Subsurface investigations were made to examine soil
characteristics. Samples from test holes were analyzed for inorganic and
organic chemicals, explosives, and radioactivity. Radiochemical analyses were
also performed on surface and ground water, soil, and sediments in and adjacent
to the Pantex Plant. Waste water and sediments from drainage ditches from the
plant, ponded water and sediments from a playa basin, and sanitary effluent were
examined for explosives and organic compounds.

I. INTRODUCTION

This report documents work performed in support of preparation of an
Environmental Impact Statement (EIS) regarding the Department of Energy’s Pantex
Plant near Amarillo, Texas. This EIS addresses continuing nuclear weapons
operations at Pantex and the.construction of additional facilities to house
those operations. The EIS was prepared in accordance with current regulations
under the National Environmental Policy Act. Regulations of the Council on
Environmental Quality (40 CFR 1500) require agencies to prepare a concise EIS
with less than 300 pages for complex projects. This report was prepared by Los
Alamos National Laboratory to document details of work performed and
supplementary information considered during preparation of the Draft EIS.

This report presents results of a subsurface investigation that was made to
examine the soil characteristics on the upland plains and ponds in playa basins
and possible transport of surface inorganic or organic chemicals, explosives, or
radionuclides with the water. The report also documents the distribution of
radionuclides in surface and ground water, soil and sediments, as well as the
distribution of explosive residues and some of the organic compounds that are



released in effluents from Zones 11 and 12 at the Pantex Plant. Analyses were
made for organic compounds in sanitary effluents. Some of the organic compound
analyses are classified as priority pollutants (USEPA 1981). References for the
methods employed in the analysis of various types of samples and the personnel
responsible are shown in the Appendix. .

The Pantex Plant is located on the southern High Plains in West Texas. The .
topography at the plant is composed of relatively flat uplands or plains
containing playa basins. The uplands or plains at the plant are quite level
with slopes varying from a 10-ft drop in 4000 ft to a 10-ft drop in 500 ft near
each of the playa basins. All surface water drainage at the plant is into the
playa basins (Becker 1982). The playas are large depressions (as much as 1 mile -
in diameter and up to 50 or 60 ft below the general level of the plain) formed
in the upper surface of the upland plain.

The main ground water body (aquifer) is in the Tertiary gravels of the
Ogallala Formation. Water occurs in the lower part of the formation perched on
the relatively impermeable Triassic “red beds” of silts, clays, shales, and
silty sandstones. Water from the aquifer furnishes water for industrial,
municipal, and agricultural use in the area. At the Pantex Plant the top of the
aquifer is at a depth of over 400 ft.

TW of three test holes drilled in 1976 at Pantex encountered perched
ground water above the main zone of saturation in the Ogallala Formation. These
perched water bodies are of local extent and are not considered dependable
sources of water supply.

II. SUBSURFACE INVESTIGATION

A subsurface investigation was carried out by drilling 29 test holes that
ranged in depth from 18 to 48 ft (Fig. 1). The holes were drilled with a 4-in.-
diam auger. Lithology of the cuttings was described and samples were analyzed
for inorganic and organic chemicals, explosives, or radionuclides.

Three test holes (TH-1O, -11, -26) were located in areas remote from plant
operations. These test holes were drilled to collect samples to establish base
line or background concentrations of inorganic and organic chemicals,
explosives, or radionuclide concentrations Discussion of results is based on
mean concentrations and standard deviation of the number of samples collected
and analyzed from each test hole. Samples from the test holes were collected
from land surface to a depth of 3 ft and then at 5-ft intervals to the bottom of
the hole. The number of samples and analyses from each hole varies according to
depth. For example, 4 samples from an 18-ft hole, 5 samples from a 23-ft hole,
6 samples from a 28-ft hole, and 10 samples from a 48-ft hole were obtained. If
significant trends in concentrations occurred within a set of samples, those
trends are discussed.
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Fig. 1. Location of test holes (TH) at the Pantex Plant.

A. Subsurface Investigation of Upland Soils and Playa Basin Deposits

The test holes were drilled in or through upland soils and playa basin
deposits at the Pantex Plant. The upland soils and playa basin deposits are
developed in the upper surface of the Ogallala Formation. The soils (windblown
sand) on the uplands at the Pantex Plant are of the Pullman clay loam series.
The Pullman soil series consists of grayish-brown clay loam of very low
permeability with a dark-brown clay subsoil. These soils are formed from fine
textured calcareous sediments that have originated from loess or other windblown
materials (Jacquot 1962).

A typical soil profile of the Pullman series consists of the A zone of
dark-grayish-brown silty clay loam about 0.5 to 1 ft thick. The underlying B
zone consists of dark-brown to dark-reddish-brown clay and silty clay that
becomes plastic when wet and extremely hard when dry. The B zone is from 3 to 5
ft thick. The underlying C zone is a pinkish-white silty clay that contains
soft concretions of calcium carbonate (caliche); the thickness ranges from 3 to
6 ft. The A, B, and C zones are, in turn, underlain by over 50 ft of silt and
clay that overlie the gravels of the Ogallala Formation.

The intake rate (permeability) of water into the soil is low, ranging from
0.2 to 0.6 in./h for the A zone, <0.06 in./h for the B zone, and from <0.06 to
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0.2 in./h for the C zone (Pringle 1980). Thus, prolonged flooding by

irrigation or rainfall is required for large quantities of water to percolate
into the soil. The Pullman clay loam requires about a 5-in. application of
water for irrigation of wheat or sorghum. One to three applications of water
may be needed during the early growing season. If there is sufficient
precipitation during this period, irrigation is not needed.

The low permeability and depth of infiltration of water from precipitation
and irrigation into the Pullman soil are reflected in a study of soil moisture
in deep borings by the US Department of Agriculture (USDA) at the Bushland
Research Station. The study concluded that, under present land management and
irrigation practices, the possibility of infiltration of water through the
Pullman soil and underlying unsaturated sediment of the Ogallala Formation into
the Ogallala Aquifer is remote (Aronovice 1972).

The playas are large depressions formed in the upper surface of the
Ogallala Formation. The basins are numerous in the upland surface in and
adjacent to the Pantex Plant. The playa deposits formed in the depression are
of the Randall clay soil series.

The Randall clay soils are dark-gray, very low permeability clayey soils in
deposited depressions or playa basins. The soils are deep and generally consist
of noncalcareous massive clay. They have formed from sediments washed in from
the surface of the surrounding plain. A typical soil profile consists of an A
and C zone; no B zone is described. The A zone consists of dark-gray to
brownish-gray silty clay loam in the upper section underlain by a dark clay with
a thickness of 6 ft. The C zone is a light brownish-gray clay that exceeds a
thickness of 20 ft. The intake rate (permeability) of water into the clay is
<0.06 in./h, thus allowing little, if any, water in the playa to infiltrate into
the underlying sediments of the Ogallala Formation (Pringle 1980).

The playa basins were formed by breaching of the caprock (caliche layers
within the Ogallala Formation) by water and subsequent removal of material by
wind erosion. There is no indication of breaching of the playa basins by
faulting. Studies of wind deposits on the leeward side of the basin show no
displacement that would indicate faulting or collapse by solution.

Logs of test holes are shown in Table I. Test holes TH-1 through TH-17 and
test holes TH-26 through TH-29 are located on the upland plain within the Pantex
Plant (Fig. 1). The Pullman soil series (upland soil) zones A and B penetrated
by the test holes were logged as “soil” (Table I). The test holes penetrated 1
to 4 ft of soil (zones A and B) of a sandy loam. The loam ranged in color from
gray to dark brown depending on the amount of organic material it contained and
amount of weathering.

Underlying the soil on the upland surface is the caliche zone (zone C of
the Pullman soil series), ranging in thickness from 5 to 19 ft. It was about
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Test Hole
No.

TABLE I

LOGS OF TEST HOLES

Depth in Feet

Soi1 Caliche

1

2
3*

4
5
6
7
8**
9*

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

0-3
0-2
0-1
0-3
0-3
0-4
0-3
--

0-3
0-4
0-4
0-3
0-3
0-3
0-3
0 -4
0-4
0-6
0-7
0 - 2
0-7
0 - 7
0-4
0-3
0-6
0-4
0-3
0 - 4
0-5

3-15
2-16

--

3-20
3-22
4-18
3-18
0-13

--

4-18
4-18
3-14
3-14
3-14
3-14
4-13
4-9

--

7-1o
2-6
7-13

--
--
--
--

4-18
3-9
4-11
5-15

Silty Clay

15 - 28
16 - 28
1-28

20 - 29
22 - 28
18 - 28
18 - 28
13 - 28
3-28
18 - 28
18 - 28
14 - 28
14 - 18
14 - 18
14 - 18
13 - 28
9-28
6-28

10 - 28
6-28

13 - 28
7-28
4-28
3 - 28
6-28
18 - 23
9-23
11 - 28
15 - 48

Results

Zone 12
Zone 12
Zone 12
Near well 6
Near well 6
East of Zone 12
East of Zone 12
South of Zone 12
South of Zone 11
Sample control
Sample control
Firing site 2
Firing site 2
Firing site 2
Firing site 2
Burning ground
Burning ground
Playa Basin No. 1
Playa Basin No. 1
Playa Basin No. 1
Playa Basin No. 1
Playa Basin No. 2
Playa Basin No. 2
Playa Basin No. 2
Playa Basin No. 2
Sample control
Burning ground
Burning ground
Burning ground

*In or adjacent to drainage ditch, caliche weathered to silt clay.
**Soil removed by construction in area.



three times the thickness reported in the soil survey of the County (Pringle
1980; Jacquot 1962). The caliche zone ranged from light reddish white to light
reddish brown and was composed of limestone stringers and limestone fragments,
gravels to clays. The caliche zone was underlain by dense silty clay and occa-
sional fragments of limestone. The silty clays ranged in color from dark gray
to light reddish brown and dark brown. All holes terminated in the silty clay,
which exceeds 33 ft in thickness (test hole TH-29, Table I).

Test holes TH-18 through TH-25 were drilled in the floor of two playa
basins (Fig. 1). Test holes TH-18 through TH-21 were located in Playa Basin No.
1, which receives some release of sanitary and industrial effluents from the
Pantex operations. The playa contains some ponded water. Though the holes were
drilled within 10 ft of the pond, no free water was encountered in the holes.
The samples collected were not exceedingly wet. Test holes TH-22 through TH-25
were located in Playa Basin No. 2 (Fig. 1). Playa Basin No. 2 receives natural
runoff from precipitation. Only during periods after heavy precipitation does
the playa contain ponded water and then only for short periods of time because
of the high evaporation rate of the area (Purtymun 1982).

The soils in the playas at Pantex ranged from 2 to 7 ft in thickness, which
is equivalent to the soil zones A, B, and probably a part of C of the Randall
soil series (Table I). The playa soil was a clay loam containing a lot of
organic material. The color ranged from dark gray to black. The soil in test
holes TH-19 through TH-21 in Playa Basin No. 1 was underlain by a thin caliche
zone that ranged in thickness from 3 to 6 ft. The zone contained limestone
stringers and fragments and some gravels in a dark-brown clay. Although the
caliche zone was more permeable than overlying soil or underlying clay, it
contained no free water. The test holes in the playas beneath the soil or
caliche terminated in a silty clay, which contained some gravel and a few
limestone fragments. The clays were dense, ranging in color from dark gray to
light reddish brown to light brown to dark brown.

In 1980, an engineering study was made for proposed waste retention ponds
(Playa Basin Nos. 1 and 2). The study included a permeability test on 16 test
holes up to 10 ft deep in Playa Basin No. 1 and 12 test holes up to 10 ft deep
in Playa Basin No. 2.” The tests indicated the playa deposits (Randall soil
series) were impermeable with intake rates of <0.06 in./h (Tillery 1980).

B. Inorganic Chemicals

Playa Basin No. 1 contains water all year around, whereas Playa Basin No
contains water for only short periods after a large amount of precipitation.
Chemical analyses for chloride, sulfate, fluoride, and nitrate were performed
cuttings from two test holes on the upland plain (TH-8, -9) and eight test ho”
in tw playa basins (TH-18 through TH-25). Because of variations in these
chemical concentrations in cuttings, sampling results were inconclusive in
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.

determining if chemical properties of the soil in the plain or playa basin could
be related to infiltration of water from precipitation (uplands) or playa basins
(ponds) .

1. Chlorides. Chloride concentrations varied slightly at similar depths.
On the average, chloride concentrations were higher in cuttings from holes on
the upland plain than from test holes in the playa basins (Table II). In turn,
the average concentrations were higher in the playa that contained a perennial
pond (TH-18 through TH-21) than the playa that contained an intermittent pond
(TH-21 through TH-25).

2. Sulfate. Concentrations of sulfates in cuttings from upland and playa
holes varied considerably at depths showing no trends. Sulfate concentrations
appeared to be slightly higher in cuttings from the playa basin holes (Table
II).

3. Fluoride. Concentrations of fluoride were higher in cuttings from the
upland than test holes in the playas. Fluoride concentrations were slightly
greater (from 3 to 28 ft) than from the upper soil (O to 3 ft) in cuttings from
upland holes (TH-8, TH-9). Fluoride concentrations from cuttings taken at
different depths in the playas showed no significant trends (Table II).

4. Nitrates. No significant change in nitrate concentrations occurred at
different depths or between holes, on uplands or in playas (Table II).

TABLE II

CHLORIDE, SULFATE, FLUORIDE, AND NITRATE CONCENTRATIONS
IN CUTTINGS FROM TEST HOLES

(K + SD of a number of analyses; in ppm)

Test Hole

8
9

18
19
20
21
22
23
24
25

Chloride Sulfate

100 f70
480 f330
305 f 280
350 *8O
720 *5O
370 *260
390 f250
470 f340
300 ~ 35
280 *180

Fluoride Nitrate Remarks

Upland
Upland
P1aya
P1aya
P1aya
P1aya
P1aya
P1aya
P1aya
P1aya
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Test holes were located in the upland soil and playa basins where plant
operations could have resulted in excessive amounts of total chromium, chromates
(Cr+6), or cyanide in the soil. The analyses of cuttings indicated that the
plant operations did not add any significant amount of these chemicals to the
soils in the upland plain or playa basins.

5. Total Chromium. Concentrations of total chromium in cuttings from test
holes showed no significant trends at depths or significant differences between
test holes located on the uplands or in the playas (Table III).

6. Chromates (Cr+6). Concentrations of chromates (Cr+6) were below limits
of detection in cuttings from test holes located in the upland and playa basin
(Table IV).

7. Cyanide. Concentrations of cyanide were below limits of detection in
cuttings from test holes located in the uplands and playa basins (Table V).

TABLE 111

TO~AL CHROMIUM IN CUTTINGS FROM TEST HOLES
(x f SD of a number of analyses; in ppm)

Test Hole

1

2
3
4
5
6
7
8
9
10*
11*

18
19
20
21
22
23
24
25

Total Chromium

60 *2O
50*6

55 *1O
50 ~15
5of5
50 flo
45*7
50 flo
45 -+10
60 f20

60 *2O
45 *1O
45 * 10
50 +-10
50~8
45 *lfJ
45 *15

45 tlo
5of7

Remarks

Upland
Upland
Upland
Upland
Upland
Upland
Upland
lJpland
Upland
Upland
Upland
P1aya
P1aya
Playa
P1aya
P1aya
P1aya
P1aya
P1aya

*Control hole.



TABLE IV

1.

CHROMATES IN CUTTINGS FROM TEST HOLES
(maximum concentration; in ppm)

Test Holes

8
9

18
19
20
21
22
23
24
25

Chromates (Cr+6)

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

Test Hole

TABLE V

CYANIDE IN CUTTINGS FROM TEST HOLES
(maximum concentration; in ppm) “

1
2
3
6
7

10*
11*

Cyanide

<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

Remarks

Upland
Upland
PIaya
PIaya
P1aya
P1aya
P1aya
PIaya
P1aya
PIaya

Remarks

Upland
Upland
Upland
Upland
Upland
Upland
Upland

*Control hole.

c. Organic Chemicals

Chemical analyses
-10, -11, -16, -17) on

for phenol on cuttings from six test holes (TH-4, -5,
the upland plain and analyses for solvent wastes such as
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toluene, dimethylformamide methanol (DMF-MeOH), tetrahydrofuran (THF), and
acetone from four holes (TH-26 through TH-29) on the upland plain were made.
The solvent wastes contain high explosive (HE) particles from the plant
operation. The solvent-HE wastes were released into an unlined pit before 1980; -
the liquids infiltrated or evaporated and the residual HE was burned. Since
1980, the solvent-HE wastes have been contained in shallow tanks to allow the -
solvents to evaporate and then the residual HE in the tanks is burned. As the .
solvent wastes are highly volatile (vaporize to a gas at low temperature), the
cuttings from the test holes were frozen immediately on recovery to keep the
solvent in a liquid (solid) form. Test hole TH-26 was the control hole located -
5600 ft southwest of the burning ground. Test hole TH-27 was located 150 ft
southwest, TH-28 was located 110 ft west, and TH-29 was located 10 ft southwest
of the burn pit for the solvents.

1. Phenol. Phenol can be the result of pollution by industrial wastes.
Cuttings from four test holes (TH-4 and TH-5 located by a closed sanitary
landfill and TH-16 and TH-17 located near pads used for burning of explosives)
were analyzed for phenol. Also, for control and to obtain background results,
cuttings were analyzed from two holes, TH-10 and TH-11, remote from any of the
Pantex Plant operations. Concentrations of phenol from the four test holes near
plant operations and from the two control holes were below limits of detection
(Table VI).

Toluene. Concentrations of toluene in cuttings from test holes TH-26
(cont;~l hole) and TH-27 through TH-29 (near burn pit) were below limits of
detection (Table VII).

TABLE VI

PHENOL IN CUTTINGS FROM TEST HOLES
(maximum concentration; in ppm)

Test Holes Phenols Remarks

4 <1 Uplands
5 <1 Uplands

10* <1 Uplands
11* <1 IJplands
16 <1 Uplands
17 <1 IJplands

*Control hole.

10



TABLE VII

TOLUENE, DMF-MeOH, THF, AND ACETONE IN CUTTINGS FROM TEST HOLES
(maximum concentration; in ppm)

Test Hole Toluene DMF THF Acetone

26* <2 <1 <1 <1
27 <2 <1 <1 <1
28 <2 <1 <1 <1
29 <2 <1 <1 **

*Control hole.
**’jeeTable VIII.

NOTE: DMF-MeOH = Dimethylformamide methanol.
THF = Tetrahydrofuran.

3. Dimethylformamide Methanol (DMF-MeOH). Concentrations of DMF-MeOH in
cuttings from test hole TH-26 (control hole) and TH-27 through TH-29 (near burn
pit) were below limits of detection (Table VII).

4. Tetrahydrofuran (THF). Concentrations of THF in cuttings from test
holes TH-26 (control hole) and TH-27 through TH-29 (near burn pit) were below
limits of detection (Table VII).

Concentrations of acetone in cuttings from test holes (TH-26
(cont?~l %$n~~d TH-26 and -28 (near burn pit) were below limits of detection
(Table VII). Cuttings from test hole TH-29, located 10 ft from the southwest
corner of the burn pit, contained trace amounts of the solvent acetone. The
acetone occurred at depths of 13 to 43 ft with the greatest concentration
occurring from 23 to 33 ft (Table VIII). Acetone is highly volatile and is
readily soluble in water. The acetone was probably absorbed in soil moisture in
the silty clay from 13 to 43 ft (Table I).

The acetone was allowed to evaporate or infiltrate with the other solvent
waste in unlined pits before 1980; now all solvents are contained to allow
evaporation. The concentrations of acetone in the silty clay will continue to
decline as the acetone comes in contact with additional entrapped soil moisture,
much of which is in the vapor phase.

It has been shown that little, if any, precipitation infiltrates through
the upland plain or playa basin to the main aquifer in the Ogallala Formation
(Aronovice 1972). The top of the aquifer lies at a depth of about 450 ft at the
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ACETONE IN

Depth
(ft)

o-3
3 - 8
8-13
13 - 18
18 - 23
23 - 28
28 - 33
33 - 38
38 - 43
43 - 48

burning ground. Based on lack

TABLE VIII

CUTTINGS FROM TEST HOLE TH-29
(analyses in ppm)

Acetone

<1
<1
<1
5
1
7

10
2
2

<1

of recharge to the aquifer, depth to the aquifer,
and low concentration of acetone found in the cuttings, the acetone in the silty
clay poses no problem to the aquifer or use of the aquifer for domestic,
municipal, agricultural, or industrial water supply.

D. High Explosives

Pantex Plant was established in 1942 as a US Army ordnance depot that
manufactured munitions. As a result, explosive waste residues were created that
were, in part, flushed with water into the Playa Basin No. 1. The plant has
been used since 1951 or 1952 by the Department of Energy and predecessors.
There are liquid effluents created by machining of explosives with water, which
are released into the Playa Basin No. 1. A concerted effort has been made to
treat the effluents by filtering and use of settling basins to remove the
explosive particles before release. Most explosives are insoluble in water
(Dobratz 1981).

Test holes TH-1 through TH-3 and TH-6 through TH-9 are located around Zones .
11 and 12 on the upland plain. Test holes TH-10 and TH-11 are control holes,
whereas TH-16 and TH-17 are located near the area where the explosives are
burned. Test holes TH-18 through TH-21 are located in Playa Basin No. 1, which
receives the effluent released after treatment from the explosive machining
activities. Test holes TH-22 through TH-25 are located in Playa Basin No. 2,
which receives some runoff from Zone 11, an explosive processing area. Al1
these test holes were drilled to a depth of 28 ft resulting in six samples from
each hole or a total of 114 samples.

12



The samples were analyzed for the explosives HMX, RDX, TNT, PETN, and TCTNB

(Rickenbaugh 1981). The results indicate that the explosives were below the
limits of detection (Table IX). Where some type of explosive should have been
present, such as in Playa Basin No. 1 or the burning ground, no explosives were
detected.

E. Radionuclides

Total uranium was determined from cuttings from 25 test holes, 23% on
cuttings from 20 test holes, and tritium on cuttings from 10 test holes. In
addition, gross alpha and beta activity, 137CS, 238Pu, 239Pu, 90Sr, 235U, total
uranium, and tritium were determined from cuttings from two test holes in Playa
Basin No. 1 (TH-21) and Playa Basin No. 2 (TH-24).

There was no significant difference in total uranium concentrations at
depth in cuttings from individual test holes or between individual test holes

TABLE IX

Test Hole

HIGH

HMX

1

2
3
6
7
8
9
10*
11*

16
17
18
19
20
21
22
23
24
25

<1
<1
<1
<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

EXPLOSIVES IN SAMPLES FROM TEST HOLES
(maximum concentration; in ppm)

RDX

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

TNT

<1

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

PETN

<1
<1
<1

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

TCTNB

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

*Control hole.

73



except from cuttings from test holes TH-2 and TH-3, both located near Zone 12,
and TH-4, located near the old sanitary landfill (Fig. 1, Table X). The total
uranium mean concentrations in cuttings from the three test holes show no
significant change with depth in individual test holes, and concentrations are
lower than those found in the remaining 22 test holes. There is no apparent
reason for the lower concentrations.

TABLE X

TOTAL URANIUM, URA~IUM-235, AND TRITIUM IN CUTTINGS FROM TEST HOLES
(x *SD of a number of analyses)

Total Uranium 23% 3H

Test Hole (lJg/g) (at.%) (10-6 l.ICi/ml.)

1
2
3
4
5
6
7
8
9
10*
11*

12
13
14
15
16
17
18
19
20
21
22
23
24
25

2.1 fo.1
1.7 foo~

0.8 *0.2
064 *O-1
2.2 ~0.6

2.4 *0.1
2.4 ~0.2
2.6 ~~04
265 i-002

2.7 ~0.3
2.8 ~0.1
2.7 *003

2.7 *0.6
2.4 ~0.2
2.2 *O-3
2.4 ~Oo2

2.4 ~0.2
2.5 -+0.5
2.3 .+0.4
2.2 i-o,5

2.2 ~o.4
2.4 tO.5

2.2 f 0.8
2.2 foo4

2.9 ~0.3

0.81 ~0.11
0.70 *0.18
0.74 fo.02

--

0.80 ~0.02
. -

0.75 *0.04
0.72 *0.03
0.74 *0.02
0.79 fo.05
0.75 fo.07
0.70 *0.16
0.75 fo.02
0.80 *0.02

- -

0.73 fo.03
0.72 *0.03
0.74 *0.05
0.72 *0.04
0.76 *0.03
0.78 *0.03
0.73 *0.02
0.74 *0.02

--

--

--

- -

0.5 *0.4
-0.3 ~ooz

-0.3 fo.2
Ool fool

_oo2 fooz
_ot2 +-0.3
0.1 fo,3
_o.2 *0.3

*Control hole.

Note: 3H determined from soil moisture in cuttings.
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The 235U in cuttings from the 20 test holes shows that the distribution of
uranium in the cuttings reflects normal uranium (0.72 ~ 0.08 at.%) that is not
depleted or enriched. It is naturally occurring uranium found in the soil or
playa deposits derived from the Ogallala Formation.

Test holes TH-12 through TH-15 are located around the firing site where
there is some depleted uranium as a result of tests. Depleted or enriched
uranium is determined from the 23% concentration expressed in atomic per cent.
Normal distribution of 235U is 0.72 *0.08 at.%. Depleted uranium would be less
than 0.72 t 0.08 at.%, whereas enriched uranium would be greater than 0.72 t
0.08 at.%. Cuttings from these four holes showed no depleted uranium (Table X).

Tritium concentrations were determined from soil moisture in the cuttings
from two test holes on the upland plains (TH-8, TH-9) and eight test holes (TH-
18 through TH-25) located in playa basin. The concentrations of tritium were at
or below limits of detection.

Complete radiochemical analyses were run on two test holes, TH-21 and TH-24
in Playa Basin Nos. 1 and 2 (Fig. 1, Table XI). Playa Basin No. 1 receives
most, if not all, of the effluents released from the Plant operations. Future
plans include diversion of some of the effluents into Playa Basin No. 2. Thus,
the analyses are made to compare radionuclide concentrations in each basin with
the other and provide background data for Playa Basin No. 2 before diversion of
effluents into the basin.

There is no significant difference in concentrations of gross alpha and
beta activity or total uranium in cuttings from test hole TH-21 or TH-24 (Table
XII). These concentrations of gross alpha and beta activity and total uranium
reflect natural activity that occurs in the earth materials. The percentage of
235U indicates that the uranium is natural, neither depleted nor enriched.

The concentrations of 137CS, 238Pu, 239Pu, 90Sr, and 3H (artificially
produced) in cuttings from the two test holes (TH-21, -24) are below limits of
detection and are thus also below fallout levels for the area (see Section IV).

III. RADIOCHEMICALQUALITYOF SURFACEAND GROUND WATER

Surface water samples were collected from four onsite stations and five
offsite stations (Figs. 2 and 3). Ground water samples (wells) were collected
from five onsite stations. The samples were analyzed for gross alpha, gross
beta, 13’7CS,238Pu, 239Pu, total uranium, and tritium (Table XIII). The 235U was
determined on three water samples to determine if uranium was natural, enriched,
or depleted.

Onsite surface and ground water gross alpha activity (average 0.7 pCi/E)
and gross beta activity (average 10 pCi/!t)ref”ect natural activity in the
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TABLE XII

RADIOCHEMICAL ANALYSES OF CUTTINGS IN TEST HOLES IN PLAYA BASIN
(~ * SD of a number of analyses; in pCi/gexceptasnoted)

PIaya
Basin No. 1

Radionuclide (TH-21)

Gross alpha 4.6 -t009

Gross beta 6.7 ~1.~
137CS 0.08 fO.07
238pu -0.001 *0.001
239pu 0.000 fo.oo2

P1aya
Basin No. 2

(TH-24)

5,3 *007
7.8 21.2

0.07 *0.09
-0.001 ~o.ool

0.000 *0.001
9 Oc+ 0.27 +0.21 0.17 *0.15
Total U* 2.2 fo.2 2.2 *004
235u** 0.72 *0.04 0.73 *0.02

*Pg/g.
**At . %

***10-6 pCi/mR.
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Fig. 2. Onsite water, soil, and sediment sampling stations on the Pantex Plant.
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Fig. 3. Offsite water, soil, and sediment stations adjacent to the Pantex
Plant.

water. Cesium-137, 238Pu, 239Pu, and % are at or below the limits of detection,
indicating no detectable Cs, Pu, or 3H in surface or ground water at the plant.
Total uranium averaged about 3.8 ~g/2. Ground water from supply wells, sanitary
effluent, ponded water in Playa Basin No. 1 (mainly sanitary effluent), and
effluent from zone 12 contained total uranium ranging from 4.5 to 6.5 l.sg/t,
which reflects those concentrations in the main aquifer (Ogallala Formation)
pumped from the supply wells. Total uranium was below limits of detection from
the test wells completed into the perched aquifer above the main aquifer in the
Ogallala Formation. Total uranium in the effluents from Zone 11 was also below
limits of detection probably because of treatment of the effluents to remove
explosives, which also removes the uranium.

Offsite gross alpha and beta activity in the water samples reflects
naturally occurring activity. Gross alpha (80 pCi/1) occurring in water from
Lake Meredith is an anomaly related to sample preparation or counting, as the
results of the analyses have a very high error term. Cesium-137, 238Pu, 239Pu,
and 3H are at or below limits of detection. Total uranium concentrations
reflect naturally occurring uranium. Total uranium below limits of detection
from 7-Mile Playa reflects mainly runoff from precipitation from the surrounding
area that would add no appreciable uranium to the runoff.

Samples of water were collected from onsite locations at supply well 6 and
Playa Basin No. 1 and the offsite location at Lake Meredith and analyzed for
235U0 The 23% found in water from supply well 6 (0.70 tO.08 at.%), Playa
Basin No. 1 (0.70 ~0.08 at.%), and Lake Meredith (0.72 * 0.08 at.%) was naturally
occurring, neither enriched nor depleted.
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Iv. RADIOACTIVITY IN SOIL AND SEDIMENTS

Five soil and nine sediment samples were collected onsite, and eight soil
and eight sediment samples were collected offsite (Figs. 2 and 3). The analyses
were made to determine if the worldwide fallout levels of radionuclides at and
near the Pantex Plant are similar to those concentrations in other parts of the
United States. The soil and sediment samples were analyzed for gross alpha,
gross beta, 137CS, 238Pu, 239Pu, 90Sr, total uranium, and 23?J (Table XIV).

Gross alpha and beta activity and total uranium concentrations in soils and
sediments are dominated by naturally occurring radioactivity that occurs in the
earth’s crust. These concentrations vary throughout the United States.

The average gross alpha activity in onsite soils and sediments is about 18
pCi/g, whereas the gross alpha activity of offsite soils and sediments averaged
19 pCi/g (Table II). The average gross beta activity in onsite soils and
sediments was about 18 pCi/g, whereas offsite activity was similar at 17 pCi/g.
The average total uranium concentration in onsite soils and sediments was 3.1
vg/g; the average concentration in offsite soils and sediments was similar at
2.7 vglg.

The 235U was used to determine if the uranium in the soil and sediments was
naturally occurring. Naturally occurring uranium would have a ratio of 0.72 *
0.08 at.%. The 235U of onsite and offsite soils and sediments falls within the
naturally occurring ratio. The average onsite soil and sediment ratio is 0.77 *
0.03 at.%, whereas the average offsite ratio is 0.74 * 0.05 at.% (Table XIV).

Soils and sediments are derived from weathering, and transporting them
from the Ogallala Formation results in some variation in concentrations of gross
alpha, gross beta, and total uranium when individual samples are compared (Table
XIV) . However, the variation is small, usually at or within analytical error
term, and therefore, the variations are not considered significant.

There is no significant difference in onsite and offsite concentrations of
137cs, *38pu; 239Pu, and 90Sr in soil and sediments (Table XV). These
concentrations of radionuclides are low; they show no effect of the operations
of the Pantex plant. The low concentrations reflect worldwide fallout of
radionuclides (137CS, 238Pu, 239Pu, and 90Sr) from atmospheric nuclear tests.
The fallout concentrations vary on the earth’s surface in relation to location
of nuclear test and prevailing upper winds in the area. However, in similar and
adjacent geographic areas, the fallout levels may be nearly the same.

The average onsite and offsite concentrations (fallout levels) of 137CS,
238pu, 239pu, and 90Sr at Pantex are comparable to levels in northern New Mexico
for the period 1974-1977. Additional fallout levels were determined in New
Mexico in 1981 (Table XV). There were no significant differences in the fallout
levels in northern New Mexico in 1974-1977 and 1981 when compared to the fallout
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TABLE XV

AVERAGE MAXIMUM CONCENTRATIONS OF RADIONUCLII)ES IN SOILS ANO SEDIMENTS
IN NORTHERN NEW MEXICO AND ONSITE AND OFFSITE AT PANTEX

(analyses in pCi/g)

Northern New Mexico
Soils 1974-77*
Soils 1981**

Sediments 1974-77*
Sediments 1981**

Pantex near Amarillo
Texas
Soils (onsite)
Soils (offsite)

Sediments (onsite)
Sediments (offsite)

13“7CS

1.12
1.24

0.54
0.61

1.15
0.69

0.91
1.47

238pu

0.008
0.0090

0.006
0.0017

0.004
0.004

0.004
0.004

239pu

0.036
0.0250

0.018
0.0105

0.022
0.026

0.023
0.027

9osr

0.87
1.10

0.70
0.68

0.62
0.54

0.58
0.68

*Purtymun 1980.
**ESG 1982.

Note: Define average maximum concentrations as ~+ 2 SD.

levels or concentrations in soil and sediments at and adjacent to Pantex in 1981
(Purtymun 1980, ESG 1982).

A comparison of the fallout levels of plutonium in the entire United States
with those fallout levels at and adjacent to Pantex indicated that the plutonium
concentrations at Pantex are about 0.3 to 0.5 of the average fallout levels for
the United States (USEPA 1977).

v. MONITORING OF WASTE WATER

Waste water from plant operations is released into ditches that drain into
Playa Basin No. 1. Waste water is mainly from machining and formulation of high
explosives but also includes some water from the laundry, boiler plant blowdown,
and release associated with operations of refrigeration units for cooling.

The ditches in uplands around Zones 11 and 12 carry industrial effluent or
waste water into Playa Basin No. 1 (Fig. 4). The high-explosive wastes in the
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A II-1WASTEWATER SAMPLING STATION

Fig. 4. Waste water sampling stations in drainage ditches from Zones 11 and 12.

water are conveyed from machining buildings to settling and filtering treatment
stations where most of the high-explosive particles are extracted. The treated
effluents containing some fine-grained suspended particles and traces of
dissolved high explosives are then released into ditches. Other effluents
released into the ditches require no special treatment. The chemical
constituents of water in the ditches are within criteria for irrigation
(Purtynun 1982).

The ditches i
series), which is
rates along the d

rom Zones 11 and 12 are cut into the upland soil (Pullman soil
relatively impermeable; however, evaporation and transpiration
tches are high. Thus, in the ditch from Zone 11, the flow
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into PIaya Basin No. 1 is intermittent and occurs only when there is heavy or
prolonged precipitation that results in storm runoff. The flow of waste water
from zone 12 is also intermittent; however, the flow volume is larger and the
discharge into the playa basin is more frequent and over a longer period of time
than the discharge from Zone 11.

The ditches are flushed several times a year by storm runoff that disperses
any high-explosive particles that may have settled out in the ditches after
treatment. The transport of sediments and explosive particles by storm runoff
downgradient to Playa Basin No. 1 disperses the explosives in ditches so that a
high buildup does not occur near the point of effluent release.

Waste water and sediments in both ditches from Zones 11, 12, and Playa
Basin No. 1 were collected for analyses for various types of
organic compounds. Also, a sample of sanitary effluent from
treatment plant was analyzed for organic compounds. The san
released in the Playa Basin No. 1.

A. High Explosives in Waste Water and Sediments

explosives and
the sanitary
tary effluent s

Seven waste waters and nine sediment samples in two drainage ditches from
Zones 11 and 12 were analyzed for explosives (Table XVI and Fig. 4). The
analyses were made for explosive compounds of TNT, PETN, RDX, HMX, HNA13,HNS,
and TATB (Quinlin 1982). When the samples were taken, waste water was found at
stations 11-1, -2, -3, and stations 12-1, -2, -3, and -4. Stations 11-5 and 12-
4 are in Playa Basin No. 1. No water was found at station 11-5 (west side of
Playa Basin No. 1); however, a sample was collected at the east side of the
playa at station 12-4 (Fig. 4). Sediment samples were taken at the same
location as waste water samples. Only sediment samples were collected at
locations 11-4 and 11-5 because the ditch was dry as was the west side of the
playa.

Concentrations of TNT were below limits of detection in waste water (<0.01
ppm) and sediments (<0.01 ppm) in the ditches from Zones 11 and 12. Concentra-
tions in waste water of PETN (<0.2 ppm), HNAB (<0.1 ppm), and HNS (<0.08 ppm)
and concentrations found in sediments of PETN (<0.3 ppm), HNAB (<0.2 ppm), and
HNS (<0.14 ppm) were below limits of detection (Table XVI).

Trace amounts of RDX (5.5 ppm) were found in waste water at station 11-1
near the point of effluent release. Other waste water samples (<0.05 ppm) and
all sediment samples (<0.1 ppm) were below limits of detection.

Trace amounts of HMX (=4 ppm) were found in waste water from Zone 11 at
stations 11-1 and -2. At station 11-3 the HMX was <0.05 ppm. Sediment
concentrations of HMX at station 11-1, near the point effluent release, were
1940 ppril.Concentrations in the sediments remained about the same at stations
11-2 (40 ppm), 11-3 (38 ppm), and in the western part of the playa at station
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Sample
Location

Zone 11
Water
11-1
11-2
11-3

Sediment
11-1
11-2
11-3
11-4
11-5

Zone 12
Water
12-1
12-2
12-3
12-4

Sediment
12-1
12-2
12-3
12-4

TABLE XVI

CONCENTRATIONS OF EXPLOSIVES IN DRAINAGE DITCHES FROM

TNT

<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

ZONES 11 AND 12 INTO PLAYABASIN NO.

PETN

<0.20
<0.20
<0.20

<0.30
<0.30
<0.30
<0.30
<0.30

<0.20
<0.20
<0.20
<0.20

<0.30
<0.30
<0.30
<0.30

(analysis

RDX

5.5
<0.05
<0.05

<0.10
<0.10
<0.10
<0.10
<0.10

<0.05
<0.05
<0.05
<0.05

<0.10
<0.10
<0.10
<0.10

Note: Sample locations shown in Fig. 4.

in ppm)

HMX

4.2
4.4

<0.05

1940
40
38

0.3
43

1.50
1.10
0.50

<0.05

1964
<0.1
<0.1

8.0

HNAB

<0.10
<0.10
<0.10

<0.20
<0.20
<0.20
<0.20
<0.20

<0.10
<0.10
<0.10
<0.10

<0.20
<0.20
<0.20
<0.20

11-5 (43 ppm). At station 11-4 the concentration was 0.3
this area is scoured into the soil and most sediments are
playa.

1

HNS

<0.08
<0.08
<0.08

<0.14
<0.14
<0.14
<0.14
<0.14

<0.08
<0.08
<0.08
<0.08

<0.14

<0.14
<0.14
<0.14

TATB

<0.02
<0.02
<0.02

4.29
<0.04
0.96
0.38
0.91

<0.02
<0.02
<0.02
<0.02

1.02
1.02
0.07

<0.04

ppm. The channel in
transported to the

Waste water from Zone 12 contained traces of HMX at point of effluent
outfall station 12-1 (1.5 ppm) decreasing to less than limits of detection
(<0.05 ppm) in water in the playa. Concentrations of HMX in sediments varied
from 1964 ppm at the effluent outfall (station 12-1) to <0.1 ppm at the two
intermediate stations (12-2 and -3) and about 8 ppm in sediments in the playa.
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Concentrations of TATB were below limits of detection (<0.02 ppm) in waste
water from Zones 11 and 12 and in the playa basin (Table XVI). Trace amounts of
TATB were found in the sediments of both drainage ditches ranging from <0.04 ppm
to about 4.3 ppm in the drainage from Zone 11 and from <0.04 ppm to 1.02 ppm in -
the drainage from Zone 12. Concentrations vary somewhat but are highest near
point of waste water release, decreasing downgradient in the drainage.

In general, the concentrations of explosives are greater in the sediments “
than in solution in the waste water. Concentrations in both the waste water and
sediments decrease downgradient in the ditches from the point of effluent
outfall to the playa. The concentrations of explosives (HMX and TATB) found in

.

sediments at the playa were low. No explosives were detected in water of the
playa.

B. Organic Compounds in Waste Water and Sediments

Four water and four sludge, soil, or sediment samples were analyzed for
organic compounds. The samples were collected from waste water ditches from
Zones 11 and 12, water from Playa Basin No. 1, sanitary effluent, and soil from
near the burning ground.

Only those compounds listed as priority pollutants were qualified from
standards (USEPA 1979, USEPA 1981). Some compounds are identified only by their
type because obtaining an exact identification from the mass spectrum would be
difficult. An estimate of the amount of these compounds is reported as <500 ppb
(Sutcliffe 1982).

Zone 11 waste water and sediment samples were collected at station 11-2 in
the ditch draining Zone 11 to Playa Basin No. 1. Waste water at this sampling
station contained branched hydrocarbon <500 ppb, trichloroethylene 66 ppb,
toluene 37 ppb, cyclic hydrocarbon <500 ppb, di-n-butyl phthalate 57 ppb, and
four branch hydrocarbons <500 ppb. Sediments at the same station contain
hydrocarbon <500 ppb, trichloroethylene 736 ppb, toluene 265 ppb, dimethyl-
benzene 36 ppb, ethenylbenzene 100 ppb, alcohol <500 ppb, and four hydrocarbons
<500 ppb.

Zone 12 waste water and sediments were collected in the drainage ditch to .
Playa Basin No. 1 at station 12-2 (Fig. 4). The waste water contained two
branch hydrocarbons <500 ppb, one unknown phthalate =10 ppb, and branched
hydrocarbon <500 ppb. The sediments at the same station contained
hydrocarbon <500 ppb, trichloroethylene 194 ppb, toluene 21 ppb, dimethylbenzene
10 ppb, cyclohexene <500 ppb, and three branched hydrocarbons <500 ppb.

The waste water and sediments from Playa Basin No. 1 were collected at
station 12-4 (Fig. 4). The water in the playa contains a combination of waste
water from Zones 11 and 12, sanitary effluents, and storm runoff. The water in
the playa contained butanol <500 ppb, unknown alcohol <500 ppb, branched
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hydrocarbon <500 ppb, alcohol <500 ppb, unknown phthalate =10 ppb, hydrocarbon
<500 ppb, and di-n-butyl phthalate 10 ppb. The sediments from the playa
contained hydrocarbon <500 ppb, trichloroethylene 133 ppb, and toluene 106 ppb.

Sanitary effluent was collected after being treated, but before being
released into Playa Basin No. 1. The effluent contained hydrocarbon <500 ppb,
trichloroethylene 100 ppb, toluene 99 ppb, cyclic hydrocarbon <500 ppb, and
three branch hydrocarbons <500 ppb.

A soil sample was collected north of the pad area where high explosives are
burned (Burning Ground, Fig. 2). The soil sample contained hydrocarbon <500
ppb, trichloroethylene 510 ppb, and toluene 68 ppb.

The levels of the organic compounds (priority pollutants) in waste water
(<500 ppb), sanitary effluents (<500 ppb), and sediment and soils (<750 ppb) are
low or near background concentrations. Based on the low level of the organics,
there is no environmental impact. There is no possibility of any organics
reaching the aquifer in the Ogallala Formation because of low concentration
of organics in waste water, hydrologic characteristics of soil and playa basin
deposits (clays relatively impermeable), and depth to the top of the aquifer
(about 450 ft).

VI. SUMMARY

Subsurface investigation indicates soil and playa deposits are similar to
those described by the soil survey in the county. Soil thickness in the upland
plains (up to 19 ft thick) was underlain by more than 33 ft of a silty clay.
The playa basin deposits, a clay loam, were in excess of 28 ft thick. The
permeability of both the upland soil and playa basin deposits is very low, less
than 0.06 to 0.2 in./h.

Analyses of inorganic chemicals found in test hole cuttings [chloride,
sulfate, fluoride, nitrate, total chromium, chromate (Cr+6), and cyanide]
indicated no significant trends between holes located on upland plain and playa
basins. The analyses indicated that, when compared to cuttings from control
holes, there was no effect from the plant’s operation and release of liquid
effluents.

‘Organic chemicals (phenols, toluene, dimethylformamide methanol,
tetrahydrofuran, and acetone) were analyzed in cuttings from test holes. Only
acetone was detected at a depth of 13 to 43 ft adjacent to a pit used to burn
solvents. The concentrations are low, less than 10 ppb, and pose no threat of
contamination to the main aquifer at the site. The solvents are now contained
when burned; thus, the source for continued contamination has been removed.

High explos
from test holes.

ves (HMX, RDX, TNT, PETN, and TCTNB) were analyzed in cuttings
The results indicate that the explosives were less than the

27



limits of detection (1 ppm). No explosives were detected in test holes in
Basin No. 1 or at the burning ground, where explosive waste may have been
present at the land surface.

Total uranium in test holes on the upland plain and playa basins was

PIaya

.

naturally occurring in the soils and playa deposits. There was no significant
difference in concentrations in total uranium at depth or between cuttings from
test holes except for two holes on the upland plain, where uranium concentra-
tions were lower than concentrations in the other 23 holes.

.

The 235U in cuttings from the test holes indicated that the uranium was
naturally occurring. Tritium concentrations from 10 test holes were below
limits of detection (1 x 10-6 uCi/m~). Cuttings from one test hole in Playa
Basin No. 1 and one test hole in Playa Basin No. 2 were analyzed for gross
alpha, gross beta, and total uranium concentrations and 137c5, Zsgpu, 239pu,

90Sr, and 3H. The concentrations were at or below limits of detection or
worldwide fallout levels. These analyses indicated no effect on or from plant
operations.

Radiochemical quality of water from four onsite, five offsite surface water
stations, and five onsite ground water stations indicates only naturally
occurrin gross alpha, gross beta,

$!
and total uranium concentrations. The 137CS,

238pu, 2 ‘pu and 3H concentrations were at or below limits of detection. The
235U analyse~ from one offsite surface water station and tm onsite (surface
water and ground water) indicate only naturally occurring uranium.

Radiochemical analyses of soil and sediments, onsite and offsite, indicated
only naturally occurring concentrations of gross alpha, gross beta, and total
uranium. The atomic per cent of 2S%J indicates natural uranium. Concentrations
of 137c5, 238PU, 239Pu, and ‘OSr were in the worldwide fallout range of concen-
trations because of nuclear atmospheric tests. These concentrations at Pantex
were similar to those concentrations found in soil and sediments in Northern New
Mexico.

Trace amounts of explosive RDX were found in waste water at point of
effluent release from Zone 11. Trace amounts of explosive HMX were found in
waste water near point of release at Zones 11 and 12 with concentrations
decreasing downgradient toward the playa. TATB was found in sediments in trace
amounts in drainage areas from both Zones 11 and 12. The concentrations of TNT,
PETN, HNAB, and HNS in waste water and sediments were low, below limits of
detection. The concentration of explosives in the sediments of the playa basin
is low or below limits of detection. No explosives were detected in the water
of the playa. Water in playa basins is not a source of recharge to the perched
or main aquifer in the Ogallala Formation. The treatment of explosive effluents
before release and dispersion and dilution of explosives in the
runoff have eliminated any potential contamination of the water
area.
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Trace amounts of organic compounds reported in waste water and sediments
(in drainage ditches from Zones 11 and 12, Playa Basin No. 1, sanitary effluent,
and soil near the burning ground) are at levels of concentration too low to be
considered significant, as the
of recharge to aquifers in the
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