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SUMMAR

A s0il-gas survey o determine the lateral distribution of chlorinated
hydrocarbon solvents in the vadose zone, and possibly ground water, was con-
ducted at the Hanford Site 301id Waste Landfill. For a Z-year period, three
trenches just inside the western perimeter of the landfiil had received
1iquid discharges of both sewage and washwater, which contained soivents.
Ground-water monitering wells, installed g few months afier Tiquid discharge
had been discontinued, indicated very low levels (less than 10 pph) of
solvents exist in the ground water downgradient from the disposal trenches.

The soil-gas survey found subsurface concentrations of chiorinated
hydrocarbon solvents exist to the south and east of the disposal frenches byt
within the landfiil boundary. The same chlorinated hydrocarbon solvents were
found as have been reporied in the ground water. In addition, carben dioxide
and methane measurements, initiated part way through the survey, show similar
disiribuiions to those of the solvents. The chlorinated hydrocarbon distri-
bution in the soil column is probably related to the sewage disposal in the
same trenches, in spite of the differences between their physical and
chemical properties. The seil-gas survey method is useful for laterai
delineation of contamination, but ihe survey reported here is Timited in its
ability to determine vertical distribution of contaminants.
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INTRODUCTION

Ground-water monitoring at the Hanford Site Solid Waste Landfill (SWL)
was initiated in May 1987. Because monitoring results from a nearby down-
gradient Hanford Site well indicated the presence of chlorinated hydro-
carbons, these constituents were added to the SWL monitoring schedule.
Several chlorinated hydrocarbons were detected, but only one, trichloroethene
(TCE), has consistently been reported near or above the U.S. Environmental
Protection Agency’s Maximum Contaminant Level of 5 ppb for public drinking
water. Reported values for TCE have ranged from a high of 10 ppb to around
5 ppb in three downgradient SWL wells.

Investigations into the source of the contaminants determined that wash-
water, containing small amounts of solvents, had been discharged to three
trenches on the west side of the SWL between January 1985 and January 1987.
No records indicating other potential sources have been found, and the
ground-water distribution of the contaminants is consistent with this source.

GEOLOGY AND HYDROLOGY

In the vicinity of the SWL, surficial dune sand (Holocene) overlies
Hanford formation (flood-deposited) silts, sands, and gravels, and Ringold
Formation (fluvial- and lacustrine-deposited) silts, sands, and gravels. The
unconfined aquifer occurs in the sediments of the Ringold and Hanford forma-
tions. The water table occurs approximately 125 ft beneath land surface, in
a gravelly, sandy subunit of the Hanford formation. The hydraulic gradient
under the SWL is extremely flat, on the order of 0.0001. The general ground-
water flow direction is from west to east, essentially perpendicular to the
long axis of the landfill (Figure 1). Transmissivities range from 125,000 to
250,000 ft2/d, and conductivities range from 2100 to 4200 ft/d. Estimates of
ground-water flow range from 2 to 5 ft/d. More background information is
available in Fruland et al. (1989) and Weekes et al. (1987).
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FIGURE 1. Ground-Water Monitoring Network at the Solid Waste
Landfill (SWL), Nonradioactive Dangerous Waste (NRDW)
Landfill, and Nearby Site Well 699-24-33



SOIL CONDITIONS AT THE SOLID WASTE LANDFILL

Three sedimentary subunits occur above the water table in the vicinity
of the SWL: a surficial dune sand, generally only a few feet thick, and a
sandy subunit that grades into a gravelly subunit. The surficial dune sand
has been largely reworked within the Tandfill boundary as a result of
facility operations. Beneath the dune sand is a narrow horizontal silt
layer, only a few inches thick, that marks the top of the sand subunit. The
sand subunit consists of nearly horizontal Tayers of basaltic sands with some
narrow silty layers, lenses of gravel, and clastic dikes. Clastic dikes,
consisting of sands and silts, which are typically observed in trench
excavations, parallel and cross-cut the horizontal sands and silts. Clastic
dikes have not been extensively studied; neither their aerial and vertical
extent nor their influence on liquid and volatile transport in the subsurface
are known.

In contrast to the relatively undisturbed soil conditions described
above, discharge of solid and liquid wastes to the SWL has created large
"disturbed" areas containing both reworked soil and wastes. Solid waste
trenches (either 15 or 20 ft deep) have received mainly office and lunchroom
trash. A few special trenches have received specific waste types, such as
asbestos and wood wastes. Liquid waste trenches (10 ft deep) have received
sewage and washwater. Trenches will have a different soil profile and pore
space volume compared with the areas between trenches. Each trench’s wastes
are covered with the excavated soils and topped with a ballast layer of rock
to support the heavy operating equipment. A final compacted layer of soil,
approximately 5 ft deep, is added over the ballast layer when a trench is
taken out of active service. Figure 2 shows the approximate locations of the
liquid and trash trenches.
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I ION OIL-GAS WO 1T TH A

The efficacy of a soil-gas survey to determine the lateral distribution
of contamination in the vadose zone, and possibly ground water, at the SWL
was discussed in 1987. Washwater discharge to the SWL ceased in January
1987; an additional driving force, the discharge of sewage from Hanford Site
operations to the same three trenches, was discontinued in April 1987. The
SWL is situated well within the Hanford Site, and early ground-water monitor-
ing results indicated consistently low concentrations of chlorinated hydro-
carbons. Therefore, a soil-gas survey was planned pending collection of
sufficient ground-water monitoring data to determine if the ground-water data
would reflect the changes in landfill operations. A slight decrease was
observed during the first year of monitoring, after which concentration
levels have remained relatively constant. A soil-gas survey was planned for
FY 1989 to determine the areal extent of chlorinated hydrocarbons at the SWL.

During June 1988, preliminary soil-gas samples were collected and
analyzed to determine the feasibility and usefulness of a soil-gas survey.
Sampling locations were chosen next to ground-water monitoring wells at the
SWL and adjacent Nonradioactive Dangerous Waste Landfill (NRDWL). Ground-
water samples were collected simuitaneously for analysis to provide points of
comparison. These data are included in Appendix A, and provide an indication
of the extent of contamination beyond the physical boundary (and point of
compliance) of the SWL.

The majority of the soil-gas data reported here were collected during
October and November 1988 and January and February 1989.

EXP NTAL

Figure 1 showed the SWL and adjacent NRDWL, including the ground-water
monitoring wells. Figure 2 provided the approximate locations of soil-gas
collection points and trenches. Points were generally located on 100-ft
centers in the east-west direction with smaller spacing closer to the area of
the disposal trenches to better define the spatial distribution of contami-
nants at their presumed source. Five east-west traverses on 200-ft centers



were performed across the Phase II portion of the SWL. The first traverse
was extended beyond the bounds of the landfill, ranging from upgradient well
699-24-35A on the east side to well 699-24-33 on the west side.

A detailed description of the soil-gas method, as well as the specific
sampling and analysis protocol used in Pacific Northwest Laboratory soil-gas
investigations on the Hanford Site, is presented in Appendix B. Experimental
techniques now used routinely for other investigations on the site were
developed during the conduct of this work. Some evolution of methodology
occurred as a result. The probe design and insertion method in particular
evolved considerably over the course of the project as more difficult sampl-
ing conditions were encountered on traverses across the SWL. Initially,
samples were collected at a constant depth of 6 ft using a 3/4-in.-diameter
‘steel sampling probe inserted manually using a slide hammer-type tool. An
electric hammer was then substituted to facilitate probe entry; however, that
method also was eventually abandoned as a result of repeated equipment break-
age and was replaced by a pneumatic hammer. Insertion depth was reduced to
4 ft to minimize penetration problems. Probe diameter also was increased to
1 in. to minimize thread breakage.

Soil-gas survey results are given in Table 1. Sampling locations are
indicated by sample numbers. A sample number followed by different letters
with the same date indicates a duplicate sample was taken. A sample number
followed by different letters and different dates indicates resampling of the
same sample location at different times. A hyphenated number indicates addi-
tional sampling within 1 ft of the same point. Duplicate samples were part
of the quality control for the survey (see Appendix B). Repeated sampling of

the same point during the course of the soil-gas survey was accomplished to
indicate changes in results that could be related to a number of factors.
Over time, a decrease in volatile concentration levels (given there were no
more volatile organics placed in the landfill after April 1987) would be
expected in an open (to the atmosphere) system. Changes in barometric
pressure also would be expected to influence results, as might seasonal
temperature changes. These considerations represent some of the limitations
of the data.



JABLE 1. Sample Numbers, Locations, and Results for the Soil-Gas Survey in the
Solid Waste Landfill. The 4-ft sampling data have been normalized.

Sample = Date X L - TCA TCEPCECI:[D&B_
MMM_&_MMMMM@M

1A 28- JUN-88 4 -200 34 4,73 0.41 0.14 0.03

1B 28-JUN-88 4 -200 ~34 4.65 0.27 0.09 0.03

2A 28- JUN-B8 4 -375 -34 3.15 0.15 0.32 0.02

28 28- JUN-88 4 -375 -3 3.12 0.15 0.32 0.02

3A 28- JUN-88 4 7S -34 0.23 0.06 0.05 ND

38 28- JUN-88 4 7 -34 0.21 0.05 0.05 ND

4A 29- JUN-B8 4 295 -45 0.38 0.06 0.56 0.02

54 29-JUN-88 4 445 -34 0.26 0.1 0.41 ND

6A 29- JUN-88 4 815 (3 3.20 1.16 0.56 0.05

7A 29- JUN-88 & 1475 71 0.09 0.06 0.18 0.09

oA 30-JUN-88 4 -850 -11 1.55 0.54 0.02 0.02

104 27-0CT-88 6 -200 -38 1.01 0.03 0.02 ND

108 31-0CT-88 6 -200 -38 0.50 0.04 0.03 ND

10¢c 03-NOv-88 6, -200 -38 ND 0.51 0.02 0.01 ND ND

100 03-NOV-88 6 -200 -38 ND 0.50 0.02 0.01 ND ND

108 09-NOV-88 6 -200 -38 1.2 0.52 0.05 0.01 ND ND 0.1
10F 14-NOV-88 6 -200 -38 0.47 0.03 ND ND ND 0.04
106 22-NOV-88 é -200 -38 0.53 0.03 0.01 ND ND 0.01
10-2a 22-NOv-88 4 -200 -38.5 0.52 0.02 ND ND ND 0.0
10-28 05- JAN-89 4 -200 -38.5 1.8 0.83 ND ND ND ND 0.05
10-3A 22-Nov-88 3 -199.5 -38.5 0.47 0.03 NO ND ND

114 27-0CT-88 6 -200 1325 1.08 0.03 0.01 ND

124 27-0CT-88 3 -200 1225 1.3 0.04 0.03 ND

134 27-0CT-88 6 -200 1125 0.68 0.04 0.03 ND

138 14-NOv-88 6 -200 1125 0.27 0.03 0.02 ND D 0.15
13c 23-Nov-88 13 -200 1125 1.4 0.36 0.04 0.03 ND ND 0.15
164 27-0CT-88 6 -200 1015 4.74 1.61 0.60 ND

148 14-NOV-88 & -200 1015 3.70 1.30 0.50 ND ND 0.61
14C 23-NOV-88 3 -200 1015 3.6 5.50 1.80 0.72 ND 0.50 0.83
154 27-0CT-88 6 -200 995 4.68 0.93 0.44 ND

158 14-NOV-88 6 -200 995 4.20 0.87 0.39 ND ND 1.00
15¢ 23-Nov-88 6 -200 955 5.3 4.70 1.10 0.45 ND ND 1.05
15-2A 23-NDOV-88 4 -200 994.5 7.1 4.40 0.95 0.39 ND ND 0.80
15-3a 23-Nov-88 & -200 994 4.9 4.00 0.87 0.37 ND ND

17A 31-0CT-88 6 -200 925 ) 1.96 0.23 0.56 ND

184 31-0C7-88 & -200 875 0.72 0.11 0.71 ND

204 31-0CT-88 [ -200 645 1.14 0.40 0.08 ND

21A 31-0CT-88 6 -200 545 13.00 0.48 3.40 ND

22 01-NOV-88 & -200 445 17.86 3.82 5.81 ND

23 01-NOV-88 6 -200 345 5.88 1.61 0.78 ND

264 01-NOV-88 6 -200 245 42.80 1.50 7.65 ND

25A 01-NOV-88 6 -200 145 42.00 1.90 5.21 ND

26A 03-NOv-88 é =400 1015 4.8 6.71 1.39 0.02 ND

274 03-NOV-88 6 -400 995 5.3 12.54 2.96 1.48 ND

284 03-NoV-88 6 -400 %5 11 29.80 12.97 1.70 HD

297 03-NOv-88 & -400 925 14 20.56 5.47 1.1 ND



TABLE 1. (contd)

Sample Date X Y CHy, TCA TCE PCE ccl, DCA

Nurber  Collected Depth _(ft)  _(ft) (ppmv) (wg/l)  Ceq/l)  Cea/t)  (pa/l)  Ceg/l) X
30A 03-NOV-88 6 -400 875 17 20.02 5.9 1.63 ND

31A 03-NOV-88 é -400 745 34.95 1.30 9.29 ND

324 03-NOV-88 6 -400 645 1.7 1.29 0.31 0.12 ND

344 03-NOV-88 6 ~400 445 1 21.96 Y1 6.31 ND

364 03-NOV-88 6 -400 245 15 39.00 1.10 6.50 ND ND

37a 03-NOV-88 6 =400 145 15 40.66 7.95 7.00 ND 7.40

38A 09-NOV-88 & -600 1015 4.3 8.30 4.10 2.60 ND 0.50 1.80
39A 23-Nov-88 & -400 995 8.6 1.00 5.30 3.00 ND ND 2.85
40A 23-Nov-E8 6 -600 954 10 11.00 5.80 3.20 ND ND 2.80
418 30-NOV-88 6 =600 925 15 18.00 2.60 0.70 ND 1.00 4.80
428 30-NOV-88 [ -500 875 8.4 21.00 0.86 1.50 ND ND 3.50
435 05-JAN-89 4 -600 745 24 73.50 4.05 16.50 ND 2.50 6.00
Lap, 12-JAN-89 & -600 645 4,2 3.15 0.10 0.17 ND ND 2.40
45A 12-JAN-89 4 -600 145 2.7 2.25 0.20 0.07 ND ND 0.25
4LEA 12-JAN-89 4 0 1360 1.9 0.29 L ND ND ND 0.06
4TA 12-JAN-B9 4 0 1250 2.4 0.30 ND ND ND ND 0.06
4BA 12-JAN-89 & 0 1200 1.6 0.22 ND ND ND ND 0.08
498 12-JAN-B9 & 0 1125 1.8 0.12 ND ND ND ND 0.06
50A 13- JAN-89 & 0 1015 1.8 0.12 0.05 ND ND ND 0.09
51A 13-JAN-B9 4 0 995 2 0.25 0.12 NO ND ND 0.1%
52A 13- JAN-89 & 0 9564 3.3 0.53 0.30 0.02 ND ND 0.34
53A 13- JAN-89 4 0 925 3 0.21 0.07 0.02 ND ND 0.32
S&A 13- JAN-B9 4 0 875 &3 0.14 0.06 0.03 ND ND 0.30
554 16- JAN-89 4 0 745 2.1 0.09 0.05 0.03 ND ND 0.21
564 16-JAN-B9 4 0 645 : P 0.06 0.05 0.02 ND ND 0.20
57A 16-JAN-89 [ 0 545 1.8 0.33 0.03 0.15 ND ND 0.30
584 16-JAN-89 4 0 445 1.8 0.33 ND 0.07 ND ND 0.18
59a 16-JAN-89 4 0 345 1.7 0.27 0.09 0.48 ND ND 0.39
608 18- JAN-89 4 0 245 1.8 0.95 0.08 0.51 ND ND 0.38
614 18- JAN-89 4 0 145 4.2 1.1 0.15 0.45 ND ND 0.41
62A 18-JAN-89 [ 0 27 3.2 0.7 0.15 0.08 ND ND

63A 18- JAN-89 & 0 -38 2.3 0.21 ND ND ND ND 0.048
S4A 18-JAN-89 & 0 -238 1.2 0.65 0.06 ND ND N0 0.06
65A 18- JAN-89 4 0 -438 1.3 0.38 ND ND ND ND 0.06
GEA 19-JAN- 89 b -800 1015 4.8 2.85 0.51 0.71 ND ND 0.45
67A 19- JAN-89 4 -800 995 6.2 9.75 1.37 2.60 ND ND 1.60
684 19-JAN-B9 4 -800 975 8.3 72.00 2.70 3.00 ND 2.25 3.00
&9A 19- JAN-89 4 -B00 955 7.5 21.00 1.80 6.00 ND ND 1.50
TOA 19-JAN-89 &4 ~-800 645 3.7 48.00 0.92 0.81 ND ND 3.20
Al 27-JAN-89 4 -800 145 3.3 2.40 0.12 0.03 ND ND 3.10
T2A 27-JAN-89 4 -1170 1015 3.8 5.40 0.63 1.14 ND ND 0.50
ThA 27-JAN-89 4 -1170 975 10.9 34.50 3.00 5.85 ND 2.40 6.00
T5A 27-JAN-89 4 =1170 925 55 46.50 2.10 6.75 ND ND 2.50
764 13-FEB-B9 4 -1170 875 3.2 0.51 ND 0.02 ND ND 0.03
85A 13-FEB-89 4 -400 -38 2.2 1.13 0.18 ND ND ND 0.06
86A 13-FEB-89 A ~600 ML =3 2.5 0.50 0.1 ND ND ND 0.06
87A 13-FEB-89 4 -800 -38 2.4 1.50 0.48 ND ND ND 0.06
88A 13-FEB-89 4 -1170 -38 3.1 2.55 0.99 0.02



. Sampling depths were either 4 or 6 ft. If 4 ft was the sampled depth,
analytical results were normalized to the equivalent 6-ft depth by multiply-
ing by 1.5. The basic assumptions are that the land’s surface boundary
represents an open system and that the gas gradient is linear between the
source and the ground water. Intercomparison studies carried out at two
locations indicated that this procedure provides an equivalent soil-gas
gradient.

Sampling locations are given in x-y coordinates; 0,0 is the eastern side
of the SWL at the boundary point between the Phase I and Phase II sections.
A 200-ft measuring tape was used to measure sampling points from posts in the
perimeter fence. The x and y coordinates are slope distances, as opposed to
actual horizontal distances. Location of sampling points may be inaccurate
by an estimated 10% to 20% because a formal geodetic survey was not
performed. However, sufficient soil-gas data have been collected to discern
the general areal distribution of contaminants in the vadose zone.

A complete listing of the depth-normalized soil-gas data is presented in
Table 1. Chlorinated hydrocarbon results are given in micrograms per liter
(pg/L). The following chlorinated species are reported: 1,1,1-trichloro-
ethane (TCA), 1,1,2-trichloroethene (TCE), 1,1,2,2-tetrachloroethene [also
known as perchloroethene (PCE)], carbon tetrachloride (CClg), and 1,1-
dichloroethane (DCA). Methane (CHg) results are presented in parts per
million by volume (ppmv), while carbon dioxide (COz) results are given as
volume %. Carbon dioxide results were not corrected for differences in
sampling depth because of the presence of atmospheric background at 0.06% and
problems with the dynamic range of the available colorimetric tubes (upper
range, 6 volume %). "ND" indicates not detected. The method detection 1imit
depends on the species and is as follows: 0.5 ppmv for CHy, 0.01 ug/L for
TCA, 0.01 upg/L for TCE, 0.002 pg/L for PCE, 0.022 ug/L for CCl4, 0.5 ug/L for
DCA, and 0.01% for COp.



DISCUSSION OF RESULTS

Soil-gas analysis at the SWL resulted in detection of five chlorinated
hydrocarbon compounds: TCA, TCE, PCE, CCl4, and DCA. These are the same
series of compounds found in the downgradient ground-water wells. As is the
case in the ground water, TCA tends to be dominant in most cases. The
spatial distributions of TCA, TCE, and PCE are relatively well behaved, but
the results are somewhat surprising. Contour plots for TCA, PCE, TCE, COp,
and CHy are shown in Figures 3 to 7, respectively. The data were plotted by
the UNIRASe graphics package mounted on a minicomputer. It should be noted
that the data grid was not dense enough to completely eliminate the genera-
tion of all computational artifacts. Carbon tetrachloride was not detected
in any of the samples within the SWL, but was found in minor amounts in
samples taken outside the SWL. Dichloroethane was detected at several sampl-
ing points inside the boundary of the SWL and, in a few cases, at relatively
high levels (7.4 pg/L). The distribution of DCA appears to be erratic and
does not form a consistent spatial pattern. The reason for that behavior is
not evident. Dichloroethane may be present as a partial degradation product
of TCA (Vogel et al. 1987). Its apparently erratic distribution may thus be
related at Teast in part to variations in subsurface bacterial processes.

Trichlo e Distri

Elevated levels of TCA were not observed over the known liquid disposal
trenches, but were found in the general vicinity of those trenches and can be
assumed to be related to liquid disposal in the trenches (see Figure 3). The
largest accumulation of TCA was found approximately 200 ft east of trench I,
the first trench to receive 1iquid waste (see Figure 2). There appears to be
a plume spreading southeast from that point. An additional large concentra-
tion of TCA is seen at the east edge of Phase Il near wells 699-24-34A and
699-24-35B (see Figure 3). The origin of this second accumulation is not
understood, but it does appear to be a persistent feature in all of the
plots. A third accumulation 200 ft south of trench I is also clearly
discernible on Figure 3.

e UNIRAS, Inc. Version 6.1b, Dallas, Texas 75240
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FIGURE 3.
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Soil-Gas Survey Results for Trichloroethane. Contours represent concentration levels in
ug/L. Dots show sampling locations. Hatched lines indicate the perimeter fence and the
fence between SWL Phases I and II. The dashed lines represent the approximate boundaries
of past, present, and planned excavations.



el

1,1,2,2-Tetrachloroethene [also
known as perchloroethene (PCE)]

i

FIGURE 4.
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Soil-Gas Survey Results for Perchlorethene. Contours represent concentration levels in
pg/L. Dots show sampling locations. Hatched lines indicate the perimeter fence and the

fence between SWL Phases I and II. The dashed 1ines represent the approximate boundaries
of past, present, and planned excavations.
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- 1,1,2-Trichloroethene (TCE)

FIGURE 5.
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Soil-Gas Survey Results for Trichloroethene. Contours represent concentration levels in
ug/L. Dots show sampling locations. Hatched lines indicate the perimeter fence and the
fence between SWL Phases I and II. The dashed lines represent the approximate boundaries
of past, present, and planned excavations.
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FIGURE 6.
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Soil-Gas Survey Results for Carbon Dioxide. Contours represent concentration levels in
volume percent. Dots show sampling locations. Hatched lines indicate the perimeter fence
and the fence between SWL Phases I and II. The dashed lines represent the approximate
boundaries of past, present, and planned excavations.
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FIGURE 7.
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Soil-Gas Survey Results for Methane. Contours represent concentration levels in volume
percent. Dots show sampling locations. Hatched 1ines indicate the perimeter fence and
the fence between SWL Phases I and II. The dashed lines represent the approximate
boundaries of past, present, and planned excavations.



Soil-gas analyses from sampling locations near wells 699-24-34A and
699-24-35B were in reasonably good agreement with the predicted results based
on the known Henry’s Law constant for TCA, the known depth to ground water,
and the measured TCA concentrations in the ground water at those locations.
If the areal distribution of TCA shown on Figure 3 is due entirely to a
ground-water component, it is possible that the ground-water concentrations
of contaminants at several locations inside the bounds of the landfill may be
significantly higher than has been reported for the existing wells outside
the Tandfill boundary. The predicted ground-water concentration of TCA on
this basis would be relatively high (500 to 1000 ppb) and would suggest a
potential increase in concentration levels as the plume migrates
downgradient.

Alternatively, some quantity of the liquid disposed in the trenches may
have spread laterally beneath the surface'resulting in vadose zone components
some distance from the original source. In that case, the contamination is
likely to be reasonably well fixed in place because the primary driving force
(i.e., the sewage and washwater discharges) has been discontinued. However,
continuous movement is inevitable as a result of gas diffusion. What remains
in the vadose zone would then represent a continuous low-level source of
contamination through vapor diffusion. Contaminant levels could thus be
expected to remain relatively constant with time for a very long period both
in the vadose zone and in the ground water.

r 0 istributi

The general spatial distribution of PCE (see Figure 4) is very similar
to that observed for TCA, which is reasonable based on disposal practices.
Levels of PCE in the soil gas are typically lower than for TCA as was the
case for the ground water. There are, however, exceptions: PCE concentra-
tions exceed TCA concentrations at some locations.

Trichloroethene Distr io

By contrast with PCE, the TCE distribution (see Figure 5) is markedly
different from that of TCA. The largest concentration of TCE appears to be
coincident with the location of trench III, the last trench to receive liquid
waste. This may reflect a different composition of the 1iquid wastes
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discharged to the third trench. The accumulation 200 ft south of trench I,
which is ¢learly visible on the TCA and PCE plots, s largely absent on
Figure §, although 4 small amount of TCE is present. There also is an
accumulation of TCE at the east side of the site in approximately the same
location as the corresponding TCA accumulation. The TCE feature appears to
he more concenirated in extent, however.

Carbon Dioxide Distribuiion

Carbon dioxide measurements were initiatad part way through the survey,
and thus form a smaller data set thanm is available for the chlorinated hydre-
carbons; nevertheless, some interesting features emerge. There 1§ a reason-
ably good correspondence between the accumulations of TCA and CO2 {see
Figure 6). The maximum CO, Tevel is in excess of 6%, which ig the upper
calibration range of the colorimeiric indicater tubes. The soil-gas (03 is
thus up to 100 times higher than the atmospheric backgyround even at only the
4-ft depth. These concentrations are typical for landfills and are generaily
the result of oxidation of sewage sludge by either bacterial or chemical
processes (Parametrix, Inc. 1987}, Carbon dioxide thus serves as an inde-
pendent tracer of copportunity for the waste water serving to confirm the idea
that the sewage water served as a driving force to mobilize the smaller
quantities of solvent-contaminated waste water. The very high levels of CO7
found suggest that the source material may be relatively close to the surface
because a linear gradient extrapolated near the ground water would result in
a L0y concentration greater than 100%.

Methane Distribution

Methane measurements aiso were initiated part way through the survey.
Methane {see Figure 7} follows roughly the same distribution as the €0z, and
is typically & product of bacterial degradation of organic material (sewage
siudge). Methane levels reach a maximum of only 72 ppmv east of trench I.
This observation is consistent with expectation that bacterial oxidation is
favored over reduction especially in a well-oxygenated medium such ag
expected al the SHL. These data also provide good evidence that the SWL does
not contain subsurface (Hi levels sufficient to support combustion.
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Carbon_Tetrachloride Distribution

A special high-sensitivity analytical technique employed for the ground-
water analyses reported here at the SWL and NRDWL showed that low levels of
CClq are a persistent feature of all ground-water samples taken in that area.
A complete 1isting of these analyses is presented in Appendix A (Table A.7).
Carbon tetrachloride levels range from 0.3 to 0.8 ppb, well below the regula-
tory 1imit of 5 ppb. There is no obvious difference between upgradient and
downgradient wells. Because CCl4 contamination is extensive beneath much of
the 200-West Area, it is possible that there is an area-wide background of
CCl4 extending from the 200-West Area. However, this does not appear to be
the case because measurements taken a short distance from the 200-West Area
boundary show a rapid dropoff of CCl4 concentration levels. Well 699-24-46
is located upgradient near the SWL, between the SWL and the 200-West Area.
The measured CClgq content in that well was less than 0.01 ppb, a factor of 30
to 80 less than at the SWL and NRDWL. Also, CCl4 was below detection in well
699-14-38, located a short distance south (downgradient) of the SWL. It thus
appears that the source of CCly is local to the Tandfills. Soil-gas measure-
ments taken in the Phase Il portion of the SWL did not show any detectable
CClgq. Minor amounts of CCly were found in soil-gas samples taken on the east
side of the NRDWL, but those observations were not pursued further at that
time. These data suggest that: 1) the CCl4 found at Tow levels in the
ground water at the SWL and NRDWL wells is not associated with the waste-
water disposal that appears to have caused contamination of several other
chlorinated hydrocarbons (i.e., TCA, TCE, and PCE) and 2) if an independent
source of CClg is present, it is likely to be located in either Phase I of
the SWL or the NRDWL. It is not possible to be more definitive without
further fieid study.
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LONCLUSIONS

Factors affecting the results reporited for this soil-gas survey include
the duration of the survey, the different (4- and 6-ft) depths used for
sample collection, atmospheric changes such as barometric pressure,
variable soil-moisture contents, and disturbed versus undisturbed soils.
Although these are faclors that would influence the results, the soil-
gas sampling method emplioyed at the 3WL appears to have heen effective
for determining the approximste location of subsurface accumulations of
chiorinated hydrocarbon solvent contaminatioen.

The method is limited in its abiliiy to distinguish vadose zone and
ground-water gontamination. Conclusions regarding vertical distribution
of contaminants must be regarded as tentative.

Chiorinated hydrocarbon contaminants detected by the soil-gas method are
the same species as those found in the ground-water wells monitoring the
SHL. Mo other species were detected.

Within the surveyed ares, contaminanis ars localized in three aress.
The most prominent Teature was located approximately 200 i ecast of
trench 1. There also was evidence of contamination 200 % south of
trench I, and 3 separate accumiiation was found near the east side of
Prhase 1.

The distribution of TCE was markedly different from that of TCA and PCE
and probably represents either separate disposal events with washwater
of different compositions er different transport rates/mechanisms based
on the differences in physical chemisiry properties of TCE comparsd to
TCA and PCE.

The COp and CHg contours were similar to those found for chlorinated
hydrocarboens., That faci can be ftaken as evidence that the chiorinated
hydrocarbon contamination 33 associated with the liguid dispesal
containing sewage water,
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The accumulation of chlorinated hydrocarbons near the Tiquid disposal
trenches on the west side of Phase Il are most Vikely near-surface con-
tamination with limited migration potential. The accumulation on the
east side of Phase II may represent either near-surface or ground-water
contamination. The sotl-gas data are not definitive, and Tong-term
ground-water monitoring will help resolve that point. [t would be
valuahle also to install permanent soil-gas monitoring stations at the
three maximum plume areas identified by this study.

The vertical distribution of the contaminants could be resolved with
either vadose zone monitoring prebes or installation of additional
ground-water monitoring wells., The soil-gas data provide guidance as
to the most informative locatioms.

Low-Tevel CClg contamination found in all upper confined aguifer wells
near the SWL and NRDWL does not appear 1o originale in the Phase I
portion of the S¥L and, thus, was not associated with the Tigquid waste
disposal in that area. Ground-water data, as well as a very limited
amount of seil-gas information, suggest that the source of the material
may bhe either the SWL Phase [ or the NRDWL area. A more extensgive soil-
gas survey covering that area would be needed to bettier resolve that
question,
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APPENDIX A

INTRODUCTION

Well 689-24-33 is located approximately 500 i from the east fenceline
of the Solid Waste Landfi1l {SWL}. That well was sampled for volatile
organics in January 1986 as part of the 90-well Hazardous Materials Moniter-
ing Project. 1,1,1-trichloroethana {TCA) was found in all ihree samples
analyzed (27, 22, and 30 /L, respectively). Funding limitations on the
project at that time prevented further follow-up of that observation. In
FY 1987, the Hazardous Materials Monitoring Project was combined with the
Site-Wide Ground-Water Monitoring Project and given a greatly expanded scope.
Resampling of well £99-24-33 in March 1987 confirmed the presence of con-
tamination in that area. The Central lLandfill was considerad as the most
likely source. A request was made at that Time to sample the Nonradiocactive
Dangerous Waste Landfi17 {(NRDWL) and the newly complieted SWL wells for
chiorinated hydrocarbons. Those samples taken in May and June 1987 c¢learly
showed the presence of chlorinated hydrocarbons downgradient of a liquid
waste disposal trench in the SWL. Species detected included TCA, 1,]1,2-
trichloroethene {TCE), perchioroethene (PCE}, and 1,1-dichloroethans {DCA).
Proportions of the individual species were similar to these found in the
site-wide well (699-24-33}. Continued monitoring of those wells on 11
separate samplings has cleariy confirmed those resuits., Nine routine sets of
sampies have been collected te date by the Radiation Protection Technslogist
{RPT} Group. Those sampies were analyzed at United States Testing Company,
Inc. (UST). four of those sample sets included splits made at the well and
sent To Pacific Northwest Laboratory {PNL) for quality assurance/quality
contrel {GA/QC) purposes. The PNL method employs electron capiure gas
chromatography, which is at Teast 100 times more sensitive than the gas
chromatagraphy/mass spectromeiry (GC/MS) method used by UST. In addition to
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the routine sampiing, a special study was undertaken by PHL in June and July
1988 to establish conclusively the existence of the contaminant plume and to
verify that the sampling methods used by the RPTs are representative.
Details of that study are discussed below.

Well 699-24-33

Well 699-24-33 has been sampled 11 times since early 1886, A summary of
the results 45 given in Table A.1. Only TCA was reporied by UST in 1988,
stince 11 was not their policy at that iime io report results below the con-
tractual defection 1imif of 10 wg/L. Subsequent analysezx are reported
relative to the quantifiable detection Timit for the instrument, which is
estimaled to be 2 ug/l for the GC/MS method. The contamination Tevels have
been remarkably constant over a period of 2-% years.

Well 699-24-340

Tha highest chlorinated hydrocarbon levels have been found in well
699-24-34B. A summary of the measurements conducted to date on that well are
included in Table A.2. Only the three most abundant species, TCA, PCE, and
TCE, are reported here. Chloroform, DCA, and carbon tetrachloride also have
been detected in thal and several other wells. Only TCE i3 present at levels
of potential regulatory concern. The Drinking Water Standard/Maximum
Contaminant Level for TCE is 5 mg/L. Three other wells at the SWL also were
found to have similarly elevated levels of TCE. Well £99-24-34B has been
included in the PRL QA/QL program for 1888, Several split measurements by
both GC/MS {UST) and GC {PNL} are reporied in the table. Agreement s excel-
lent in all c¢ases, although ihe PNL measurements, in general, have betier
precision because of the much greater sensitivity of the G0 method. The UST
measurements below 10 wg/L are only reported te ome significant figure
bacause of proximity to the detectien Timit. In 1989, UST added & new
analytical method: EPA Method 8010, which employs a Hall electrolytic
conductivity detector {HECD) for more sensitive detection of chlorinated
species than can he provided by mass Spectfometric analysis (GC/MS). The
HECD method is intermediate in sensitivity between the PNL and earlier UST
method. The first set of resulis was similar to previous measursments,
except for TCE, that is now somewhat lower,
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TABLE A.1. Chlorinated Hydrocarbon Contamimants in Well 699-24-33 (mg/L)
1.1.1-TCA PCE IcE
Date UST(ay  PNLIDY  UST{a} PNL{b;  USI{a} PHL(b)
1/23/86 21 naled  «ao NA <10 NA
1/23/88 23 NA <id KA <10 NA
1/23/86 30 NA <10 KA <10 NA
1723/87 21 NA 3 NA 4 KA
5/14/87 17 KA 3 KA, 3 KA
8/25/87 i8 NA 3 NA 3 NA
11/10/87 23 NA 3 NA& 3 NA
2/03788 23 NA 3 HA 3 NA
4/28/88 18 NA 3 NA 3 NA
5/29/88 NA 25 NA 3.4 NA .0
6/25/88 NA 27 NA 3.8 NA 3
g/21/88 29 NA & NA 5 NA
8/23/88 20 23 4 3.1 3 3.9
3/2/88 16.0 NA 3.3 NA 1.9 NA

{a) Gas chromatography/mass spectrometry (GC/MS) analysis conducted by
United States Testing Company, Inc. (UST}. GQuantifiable detection
1imit is estimated to be 2 ug/L for all three species. UST analyses
performed after Janvary 1, 1989, wers by GC-Hall eleciron capture
detector (HECD}. Quantifiable detection limits by GL-HELD are twe
io three times lower than by GU/MS.

{b} GC-HECD analysis conducted by Pacific Northwest Laboratery. Quanti-
fiable deteciion limit estimated to be 0.02 ug/L for all three
species.

{t) NA& = Not analyzed.

Pacific Northwest laboratory Special Sampling Studv at Solid Waste Lapdfill

Pacific Morthwest Laboratory persennel conducted a series of sampling and
analysis tests at the SWL and NROWL from June 27 to July 11, 1388. The pur-
poses of the study were to 1} intercompare sampiing methods employing centri-
fugal pumps, bladder pumps, and bailers; 2} obtain a full set of carefully
prepared samples for high-sensitivity 6L analysis; 3} perform carefyul pH
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TABLE A.2. Chlorinated Hydrocarbon Contaminants in Well 699-24-34B (ug/L)

1,1,1-TCA PCE TCE
Date UST{a) PNL(b) UST{a) DPNL(b) USi{a}] PHNL(b)

5/20/87 56 Nalc) 7 NA 10 NA
6/18/87 40 NA 6 NA 8 NA
7/28/87 46 NA 5 NA 8 NA
11/15/87 64 60 8 NA 8 NA
11/15/87 61 NA 8 NA 8 NA
1/18/88 58 47 8 6.9 8 NA
4/22/88 41 55 8 8.5 6 NA
4/22/88 41 50 8 9.0 6 NA
6/27/88 NA 51 NA 9.6 NA 8.7
6/27/88 NA 50 NA 9.5 NA 8.6
7/7/88 NA 51 NA 9.6 NA 8.7
7/7/88 NA 50 NA 9.5 NA 8.6
7/27/88 34 36 7 1.6 6 5.7
7/27/88 35 NA 7 NA 5 NA
10/20/88 35 NA 7 NA 5 NA
3/2/89 27.0 NA 6.9 NA 3.5 NA

(a) Gas chromatography/mass spectrometry (GC/MS) analysis conducted by
United States Testing Company, Inc. {UST). Quantifiable detection
limit is estimated to be 2 ug/L for all three species. UST analyses
performed after January 1, 1989, were by GC-Hall electron capture
detector (HECD). Quantifiable detection 1imits by GC-HECD are two
to three times lower than by GC/MS.

(b) GC-HECD analysis conducted by Pacific Northwest Laboratory. Quanti-
fiable detection Timit estimated to be 0.02 ug/L for ali three
species.

{¢} NA = Not analyzed.

measurements on all SWL wells with a flow-through pH cell; and 4) test soil-
gas analysis techniques and equipment. A1l objectives were satisfactorily
met. The pH and soil results will be discussed in detail at a later time.
Bladder pumps were added to two of the wells (6%9-24-34B and 699-24-35);
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however, the pump in 699-24-35 did not perform satisfactorily and was not
used. To facilitate rapid measurement of samples, the PNL mobile GC labora-
tory was moved to the SWL. The mobile laboratory was mounted inside a 30-ft
motor home. A poriable 15-kiW generator also was seb up at the site io
provide power.

Volatile organic analysis {VOA) samplies were collected in standard 30-mL
VOA botiles, transferred to the mobile laboratory, and analyzed immedistely.
The wells were purged for times ranging from 28 to 40 min prier Lo collection
of samples. A teeing system, containing two throttling valves and a criticai
orifice, was used io provide a low-flow path for VOA samples., The VOA
sampies from the centrifugal pumps were collected through a 1/4-in. tube at &
fiow rate of approximately 1 L/min. Bailer samples were faken with ]-L
bailers lowered into the wells with a balloon winch and nylon fishing line;
new dedicated bailers were used in the study. Approximately 20 ft of fishing
tine were discarded after each use to avoid cross contamination.

Samples were analyzed with a GC. The 8 was eguipped with fwo identical
30-m x 0.53-mm fused silica capillary columns, The cojumns were copated with
a cross-linked and bonded stationary phase compesed of cyanopropyl, phenyl,
dimethyisiloxane. The two columns were tied together at the inlet and were
routed to separate ECD and flame ionization detectors. Sample introductien
was via a purge and frap unit. The purge and trap unit contained a sorption
trap. Samples were thermally desorbed from the sorption trap and transferred
te the columns through a heated transfer line. The purge and trap unit was
modifisd by addition of a pneumatic vaive actuator to permit full automation
of the purge and trap cycle by the GC run table. The GU was equipped with
two separate integrators to simultaneously integrate data from both detec-
tors. Analytical measurements were performed in accordance with the guide-
lines set forth in EPA Method $02.2.

Analytical results for five species of interest in nine wells are pre-
sented in Tables A.3 through A.7. Table A.4 is of particular interesi since
it provides rather conclusive evidence for the presence of TLE at levels



comparable to the regulatory limit. The TCE levels close to or slightly
greater than the 5-ug/L 1imit were seen 25 times in four different wells in
this study. It should be noted that the regulatory limit is approximately
300 times the measured system blank.

TABLE A.3. 1,1,1-Trichloroethane Results (ug/L)

Date Centrifugal Bladder
Well Number Collected Pump Pump Bajler
699-25-34C 6/29/88 5.9 Nala) 6.1
£99-25-34C 6/29/88 5.9 NA 6.1
699-24-34C 6/27/88 33 NA 35
699-24-34¢C 6/27/88 33 NA 34
£99-24-34B 6/27/88 51 48 NA
699-24-34B 6/27/88 50 47 56
699-24-348 7/7/88 52 49 52
699-24-348 7/7/88 53 53 50
699-24-348 7/7/88 52(b) 50(b) 48(b)
699-24-34A 6/27/88 40 NA 43
699-24-34A 6/27/88 NA NA 44
£§99-23-34 6/29/88 49 NA 46
£99-23-34 6/29/88 50 NA 49
699-24-33 6/29/88 26 NA 24
699-24-33 6/29/88 27 NA 26
699-24-35 7/11/88 4.1 NA 4.3
699-24-35 7/11/88 4.1 NA 4.1
699-25-348 7/11/88 3.6 NA NA
699-25-348 7/11/88 3.5 NA NA
699-26-33 7/11/88 0.85 NA NA
699-26-33 7/11/88 0.85 NA NA
System Blank 0.014

{a) Not analyzed.
(b} 5-mL glass sampling syringe filled at well.
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TABLE A.4.
Bate
Well Rumber Collected
£99.25-34C 6/29/88
694-25-34C 6/29/88
699-24-34C B/27/88
699-24-34C 6/27/88
639-24-34B 6/27/88
699-24-348 6/27/88
699-24-348 7/7/88
699-24-348 777788
699-24-348 7/7/88
699-24-34A 6/27/88
699-24-34A 6/27/88
§99-23-34 6/29/88
639-23-34 6/29/88
099-24-33 6/29/88
£699-24-33 6/23/88
$99-24-35 7/11/68
§99.24-35 7711788
699-25-348 7711768
633-25-348 1/11/88
699-26-33 7711/88
699-86-33 7711788

System Blank

(a
(b

J Not analyzed.
) 5-mL glass sampling syringe filled at well.
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TABLE A.5. 1,1,2,2-Tetrachloroethene Results (ug/L)

Date Centrifugal Bladder
Well Number Collected Pump Pump Bailer
699-25-34C 6/29/88 0.70 Na(a) 0.70
699-25-34C 6/29/88 0.70 NA 0.75
699-24-34C 6/27/88 5.6 NA 6.2
699-24-34C 6/27/88 5.7 NA 5.9
699-24-34B 6/27/88 9.6 9.0 NA
699-24-34B 6/27/88 9.5 8.8 10.0
699-24-34B 7/7/88 8.6 8.0 8.6
699-24-34B 7/7/88 8.6 8.6 8.6
699-24-348 7/7/88 8.6(b) g.0{b) 7.6(D)
699-24-34A 6/27/88 7.0 NA 7.2
699-24-34A 6/27/88 NA NA 7.4
699-23-34 6/29/88 7.8 NA 7.4
699-23-34 6/29/88 8.2 NA 8.0
699-24-33 6/29/88 3.4 NA 3.3
699-24-33 6/29/88 3.8 NA 3.6
699-24-35 7/11/88 0.54 NA 0.58
699-24-35 7/11/88 0.55 NA 0.55
699-25-348B 7/11/88 0.55 NA NA
699-25-34B 7/11/88 0.51 NA NA
699-26-33 7/11/88 0.092 NA NA
699-26-33 7/11/88 0.090 NA NA
System Blank 0.003

{a) Not analyzed.
{b) 5-mL glass sampling syringe filled at well.
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699-25-34C
699-25-34C

699-24-340
639-24-340

639924348
699-24-34B
899-24-348
§94-24-348
699-24-348

699-24-34A
699-24-34A

699.23.34
§99.23-34

699-24-33
699-24-33

699-24-35
699-24.35

69425348
699-25-348

699-26-33
£99-28-33

System Blank

TABLE B.6.
Date

Lollected

6/29/88
6/29/88

6/27/88
6/27/88

§/27/88
6/27/88
7/1/88
7/7/88
7/7/88

§/27/88
6/27/88

6/29/88
6/29/88

6/29/88
6/29/88

7/11/88
6/11/88

7/11/88
7/11/88

7/11/88
7/11/88

{8} Hot analyzed,
{b} 5-ml glass sampling syringe filled at well.

Centrifugal
Pump

.33
.34

.99
.88

.29
.33
.59
.52
.46(0)
12
.02

.40
.35

O D [ oae 3% cae ]

bl urd ik fmd et

v o

[ Srpy—y

.80
.82

oo

.15
.15

.34
.33

g.17
g.18

OO

L e

8.040
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Chloroform Results {ug/L)

Bladder
fume

NAl2)
NA

NA
NA

1.33
1.28
1.40

1.46
1. 17

NA
NA

NA
NA

NA
NA

RA
NA

NA
NA

RA
KA

E
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ABLE A

¥ell Number  Collected

699-25-34C
699-25.34C

699-24-34C
§99-24-34C

699-24-348
€99-24-348
689-24-34B
699-24-348
699-24-34B

599-24-344
699-24-344

£99.23-34
£99-23-34

§99-24-33
699-24-33

699-24- 35
599-24-35

§99-25-348
§99-25-348

699-26-33
699-26-33

System Blank

fa) Hol analyzed.

Carbon Tetrachloride Results {(ug/L)

Date

6/29/68
6/29/88

§/27/88
8/27/88

6/27/68
6/27/88
7/7/88
7/7/88
7/7/88

6/27/88
6/27/68

§/29/88
6/29/88

6/29/88
6/29/88

7/11/88
7711/88

7/11/88
7711788

7/11/88
7/11788

Centrifugal
Pump

Je
.70

.33
.27

.30
.26
.28

.28
.30(b)
.26
.23

.28
.31

Lo B} <D O O Lo R e g e e}

LA
A3

L L)

.30
.31

.82
.80

.43
.43

.003

w8 o ] L R} O

Pl
Lo ]

Bladder
LPump

NA(a)
NA

NA
RA

0.26
0.23
0.32
0.29
0.29(b)

NA
NA

NA

KA

NA
NA

NA
HA
NA

NA
NA

{b} S-mL glass sampling syringe filled at well.

AlD

Bailer

0.66
0.66

8.27
g.30

0.37

6.29
.27

0.27(b)

Q.26

0.26
6.30

0.40

NA

RA
KA



CONCLUSIONS

The sampling program over the past 2 years has generated a Targe data
base of chlorinated hydrocarbon data. While these data have not yet heen
subjected {0 a rigorous statistical review, a number of conclusions appear
to be definitive.

1. Widespread, Tow-level chlorinated hydrocarbon contamination {s detect-
able throughout the extended 1andfill area. The concentrations found in
well 698-24-33 suggest that the contamination has been present at least
since early 1986 and has undergone 1ittle c<hange since then., The
ralative concentrations of contaminants in that well are similar to
those in oiher wells closer to the Tandfill.

Z. Coniaminanis detected include chlarsfarm, TCA, TCE, PCE, DCA, and carbon
tetrachloride. Chloroform is commonly Tound in chlorine-itreaisd waler;
also, it may be & decomposition product of TCA. The most abundant
species is TCA, and is commonly used as a degreaser solvent. The
highest Tevel found is only approximately one-quarter of the Drinking
Water Standard but could be higher closer to the source (i.e., inside
the Tandfill]., Trichlorvoethene is present in four of the walls at
tevels of potential regulatory concern. The relative concsnirations of
TCA, YLE, PCE, and DCA are similar in all wells fested, including the
site-wide well and fthe upgradient well. 1In contrast, carbon fetra-
chloride is relatively constant in all wells tested, although some
increase was observed near the NRDWL. The carhbon tetrachloride data are
difficult to understand without further study.

3. The three sampling methods tested {cenirifugal pump, bladder pump, and
bailer) produced identical resulis in a1l cases. The bladder pump was
judged to be unsatisfactory for routine use because of the high instan-
taneous flows produced during each pulse; however, the results showed
Tittle sensitivity to such effects,
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APPENDIX B

EACKGRUUND

The U.S. Environmental Protection Agency {EPA} experience with the
Comprehensive Environmental Response, (ompensation and Liability Act of 1880,
as amended by the Superfund Amendments and Reauthorization Act of 1986,
investigations has shown that subsurface and ground-water contamination by
volatile organic constituents, particulariy chlorinated hydrocarbong, rep-
resents one of the most persistent contamination issues under consideration
throughout the United States. V¥olatile organic conlamination of ihe ground
water has been identified at several locations on the Hanford Site and is
suspected at others. These contaminanis are fypically identified through
ground-water monitoring and surveillance programs; however, direct measure-
ment of ground-water contamination through drilling of sampling wells is a
very expensive and iime-consuming operation. High dritling costs have been a
particularly serious problem on the Hanford Site. Well sampliing techniques,
while unguestionably necessary to provide hydrologic data and evidence of
regulaiory compliance, may nevertheless be Vimited in effectiveness for
rapidly diagnosing the extent of plume spread of volatile organic contami-
nants particularly in areas where the ground water is relatively deep with
correspondingly high costs per well., The soil-gas method was developed as a
cast-effective aliernative for generaiting relatively dense dats grids on 3
short time scale. The spil-gas method can be used effactively as a prelimi-
nary screening toel for aiding in the optimal placemeni of moniioring wells.
The soil-gas method has been adapied by Pacific Norihwest Laboratory {PNL) io
the needs of the Hanford Site. Areas of specific applicability at the
Hanford Site inciude, but are not Timited to, potential solvent contamination
of the ground water in the 1100 Area and Horn Rapids Disposal Site, extensive
carbon tetrachlioride contamination in the 200-West Avea, chlorinated hydro-
carbon contamination at the Solid ¥Waste Landfill {SWL}, solvent contamination
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in the 300 Area, trichlorosthene contamination from the White Bluffs Acid
Pickling {rib, and possible solvent contamination in other parts of the
100 Areas.

In favorabie cases, the s0il-gas method has been found to correlate well
with dirsctly measured comcentrations in ground water. This is particulsrly
true for chlorinated species with favorable Henry*s Law properties. Under
ideal conditions, ihe soil-gas concentration of each species present in the
ground water will decrease Tinearly from the Henry’s Law value at ithe water
table to zery at the soil-air interface {assuming equilibrium at the inter-
face and no diffusion of gas or mass transport by other driving force). The
method has been far less successful with nonchiorinated species, which tend
to be consumed by biological activity. Alternatively, methane and carbon
dioxide may be present in the soil gas as reductive or oxidative decom-
position products of subsurface organic materials. Some of the factors that
influence soil-gas profiles inciude geslogic properties of the vadose zone,
soil-moisture content, temperature, depth to ground water and ground-water
flow rate, phase separation, soil-organic content, temperaiure and tempera-
ture gradients, water-table oscillations, 1ithology of the aquifer, baro-
metric effects, and vainfall, Interpretation of soil-gas data may thus be
complex and highly site specific. Site-specific experience in representative
geologic regimes and, if possihle, careful comparisons with available "ground
truth” {i.e., grab samples from wells) are thus crucial o full utilization
of the method, This may be accomplished on the Hanford Site by careful
studies at the SHWL, which has favorabie properties as a "ground truth” scurce
with well-documented and reasonably censtant contamination by at Jeast five
chiorinated hydrocarbon species at readily defectable levels. The SWL also
is well documented with respect to geologic and hydrologic characteristics
and represents a reasonabiy typical Hanford setting., Sampies taken at close
proximity to existing ground-water monitoring welis will provide an opportu-
nity to determine the relationship between measured soil-gas concenirations
and ground-water contaminant concentrations.
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At present, no universally or requlatory accepted method is available
for the performance of soil-gas surveys. Consequently, considerable latitude
is possible for the exact choice of methodelogy emplioyed. Soil-gas probes
are typically emplaced 3 to 6 ft below the surface. I possible, all samples
should be taken at the same penetraiion depth to facilifate interpretation.
In the PRL procedure, a constant depth of 4 ft will, if possible, be employed
for all samples. Probe penetration of less than 2 ft will be considered to
be penetration refusal, and the probe will be moved to a new Jocation, Gas
samples drawn through the probe by a low-volume pump may be collected either
by a gas sampling syringe or a serption trapping device. The serption trap
method offers much greater sensitivity at the expense of analytical complex-
ity. The syringe method is of adequate sensitivity and is, in genaral,
preferable becayse of iis simplicity, speed, and reliability. Al work
performed by PNL will use the direct sampling method employing gas-tight
syringes of volumes ranging from 0.1 to 5 ml. Samples alse will be collected
in 300~ to 1000-mL flow-through gas sampling flasks so that repeat measure-
ments may be made in the laboratory for improved dynamic range. Analysis of
the drawn sample is performed by gas chromatography {(GC} employing detectors
with both broad specirum sensitivity [i.e., fiame jonization {FID}] and
halogen selectivity [i.e., electiron capture {ECD}]. The ECD, 1in particular,
i an extremely sensitive device making it possible to use relatively smali
sample volumes. The GC system employed by PNL uses a split inlet with
separate capillary columns connected to the ECD and FID. The analytical work
itself is performed according te appropriate EPA guidelines for the analysis
of voiatile organics by GL. Suitable calibration standards are avatlable to
permit identification and guaniification of the mosi commonly detecied
species, These include at 2 minimum the following cempounds: 1,1,1-tri-
chiorcethane, carbon tetrachloride, trichlorvethens, 1,2-dichlorsethane,
1,1-dichioroethane, tetrachloroethene, cis- and trans-dichloroethene,
chloroform, methylene chloride, chlorobenzene, benzene, toluene, ethyl
benzens, m+p-xylene, o-xylene, methylethyl ketone, methylisobuiyl ketone,
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hexane, heptane, and octane. Calibration for other species also may be
performed if necessary to identify unknowns detected during actual field
work.

Methane alsc may be measured in the same samples using a second 6L
gmploying an FID. Addition of a tee fitting in the sampling train also
allows field determinations of carbon dioxide by colorimetric tubses.

B.4



SAMPLING

S ROBES

Sampie probes are constructed according to the design of LaBrecque
et al. {1985}, Detailed machine drawings of the probe and associated hard-
ware have been provided by Kerfoot and Barrows {1987}, The PHL version of
the design has been modifisd somewhat tv provide a sacrificial penstrator tip
sTipped over the znd of the probe to prevent ¢logging of the sampling ports
during probe entry. Other design improvements include a iarger diameter
probe body {1 in,) to provide better durability in vocky soil and the use of
Acme threads in place of pipe threads and Swagelok-iype fittings on the
interior plumbing to eliminate leak problems associated with vibration. The
probes and tips are mass produced in the 300 Area machine shop. Several
different probe sizes, ranging from & o 8 ft, have been used. The probes
are of all-steel construction to minimize carryover of volatile arganics.
Following assembly, the probes are pressure leak checked. Probes will be
cleanad with methylens chioride followed by acetone and methanol to remove
machine oil prior to final assembly. Probes will be placed in the ground to
a nominal depth of 4 i by hammering with a vibratory hammer. 8oth electric
and pneumatically powered percussion hammers are available. A slide hammer
also is available for manual probe insertion in remote areas. Follewing
penetration to the required depth, the probe will be withdrawn 2 in. to allow
separation from the sacrificial tip. For work in excessively rocky soil, a
powered auger with a 6-in. bit can be used to facilitate entry of the probe,
In that case, the auger will drill a hole to within 12 in. of the required
depth. The probe will then be smplaced in the hole and hammered to the
required depth. The hole will be carefully backfilled with spoils and firmly
tamped down. A sharpened solid steel bar also may be used in recky condi-
tiens to create a channei for probe eniry. In that case, the probe is simply
reinserted in the same hole and hammered to the required depth. That proce-
dure greatly reduces stress ¢n the probes and increases their working life-
span. In either case, the probes should be left in the ground for at least
12 h prior to sampling Lo allow recovery of the soil-gas profiie following
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penetration. The probe will be removed by reverse hammering or with a
mechanical Jack, if necessary, after complietion of sampling.

The sample coliection train consists of a 1/8-in.-diameter stainless
steel tube connected to a gas sampling bulb with 0-ring-sealed high-vacuum
fittings. Gas is drawn through & 300- to 1000-ml gas sampling bulb by a
battery powerad pump {1 to 4 L/min). The pump will be used a2t a flow rate of
1 L/min, The rotameter flow meter on the pump may be used to verify the
presence of flow through the probe. A very sensitive pressure sensor in the
pump shuts the pump down automatically if the pump starts to pull vacuum.

The sample train is tested by plugging prior to each use to verify that it is
1eak tight, and is then connected to the probe and flow verified. [n the
event 1hal ithe probe tip is found to be plugged with soil, remedial measures
are implemented. This remediation can simply include 1ifting the probe & few
inches and tapping to clear the tip. If that procedure is not successful, 3
short burst of compressed air may be used to remove the obstruction. If flow
is sti11 obstructed, the probe is removed, ¢leared, and reinserted in, or as
close as possible to, the same hole. To collect a sample, the pump is run
for & pericd of time sufficient to complietely purge the dead volume of the
system, which is typically dominated by the sample bulb volume. A nominal
purge time of at least 5 min prior to sampling should be allowed to com-
pletely purge the gas sampling bulb. No internal combustion engines should
be operated in the immediate vicinity during sample collection. If a carbon
dioxide measurement is desired, the sampling train is modified to include a
tee fitting ahead of the sample bulb. A colorimetric indicator tube is con-
nected to the tee and exposed with a hand bellows pump operated according to
the specifications 1isted on the tubes. Tube ranges are availablie (0.0l to
0.3 and 0.1 %0 6.0 volume %). Following collection of the carbon dioxide
sample, the main sample bulb is then valved off, Tabeled, and removed to the
mobrile laboratory for analysis. Sample location, pump time, and any other
pertinent observations, including meteorological conditions, will be vecorded
on the field record sheets and field notebook. The probe may be cleaned and
moved 1o & new location while the sample is being analyzed. Prior Lo rsuge,
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the probe tip is unscrewed from the body of the probe, cleaned, and inspected
to verify that the fittings are tight. The air sampling pump should be
piaced on its battery charger at the completion of each day’s sampling.
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BIL 10

Analysis of the samples is performed as soon as possible following their
receipt. Samples should not be held more than 24 h without analysis. All
apalytical equipment is located in the PNL Environmental Sciences Depariment
Mobile Gas Chromatography Laboratory. This facility is a 30-ft motor home,
If possible, it is preferable to Tocate the mobile 1aboratory within 50 ft of
usabie external power so that the 220-V umbilical system may be used, thus
avoiding the need to arrange in-field fuel refills and generator maintenance.
Alternatively, a 15-kW trailer-mounted generator is available to the project
and has been used successfully to support field use of the mobile laboratory,
The mabile laboratory should also, if consistent with elecirical require-
ments, be located in a2 reasonably central location near the site under inves-
tigation so that only one setup periocd i3 needed.

INSTRUBMENTATION

Samples will be analyzed with a 6C. The GC 15 equipped with two identi-
cal 30-m x 0.53-mm fused silica capiliary columns. The columns are coated
with 4 ¢ross-Tinked and bonded stationary phase composed of cyanapropyl,
phenyl, dimethyisiioxane. The two columns zre teed together at the inlet and
are routed to separate ECDs and FIDs. Sample introduction is via & purge and
trap unit. Samples can be introduced into the purge and trap unit in either
gaseous or liguid form through the same iniet fitting, thus permitiing cali-
bration of the system by volatile organic analysis water standards. The
purge and trap unit contains a sorption trap. Samples are thermally desorbed
from the trap and transferred to the calumns through a heated transfer line.
The purge and trap unit has been modified by addition of a pneumatic valve
actuator to permit full auiomation of the purge and irap cycle by the GC run
table. The GC i3 equipped with two separate integrators to simultianeocusly
integrate data from both detectors.

Mzihane analyses ars performed with a compact 8C, This compact GC is
equipped with an FID. Separations are performed by a 6-ft x 1/8-in.-inside
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diameter column packed with 80- to 100-mesh packing. Samples are introduced
through a 1-mL automated sample Toop. The GC is run in isothermal mode at
105°C.

ANALYTICAL METHODOLOGY

At the present time, there are no standard reference analytical methods
for analysis of soil-gas samples. Analytical measurements will be performed
in accordance with the general guidelines set forth in EPA Method 502.2.
There are several significant exceptions to the method as presented.

Method 502.2 is a capiliary column GC method for analysis of velatile organic
compounds in water. The method employs a Hall electrolytic conductivity
detector (HECD) for halogen selectivity in series with a photoionization
detector (PID) for detection of a broad range of compounds. The detector
used in this work for halogen selectivity is an ECD. The ECD is considerably
more sensitive than the HECD for the most common chlorinated solvent contami-
nants and has adequate halogen selectivity to satisfy the goals of the
method. The FID, on the other hand, is less selective than the PID; there-
fore, the FID provides the maximum assurance of broad spectrum response.
Incompatibilities in makeup gas require that the two detectors be run in
parallel rather than in series, which is clearly a disadvantage of the con-
figuration. The method of sample introduction has been modified to accom-
modate either gas or water samples. The purge and trap cell is filled with

5 mL of boiled deionized water. Gas samples in gas-tight syringes are intro-
duced through the normal sample inlet of the purge and trap unit, bubbled
through the water, and passed through to the sorption trap. The initial
injection is followed by a second volume of ambient air to clear the syringe
and sample inlet of any residual analyte. The GC is then cycled through a
complete purge and trap cycle according to EPA guidelines and manufacturer’s
recommendations. Calibration is performed as described below with water
samples; however, the units used for calibration are micrograms of total
sample recovered rather than concentration. Gas concentrations can then be
manually calculated by dividing by the injected volume.

The quality of soil-gas data will be assessed through the use of repli-
cate measurements, blanks, standards, and interlaboratory splits. In
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general, at least one replicate measurement and standard shall be analyzed
for every 20 points, blanks shall be run for every tenth sample, and an
interlaboratory split shall be collected for every twentieth sample.

External calibrations will be performed with water samples prepared
according to standard methods, and introduced into the purge and irap unit
according to manufacturer’s recommendations. Linearity will be verified for
five concentration ranges. Working standards will be prepared by dilution
with boiled, deionized water of stock solution of the analytes of interest
dissoived in methanol. High-end calibrations will be performed for the
foliowing species at the specified concentrations: chloroform (30 ppb),
1,1,1-trichloroethane {6 ppb}, tetrachioroethene (3 ppb}, carbon tetra-
chloride (3 ppb}, and trichloroethene (6 ppb). Two-, five-, ten-, and
twenty-fold dilutions with boiled, deionized water will then be made to
verify linearity. Response factors will be computed for both the ECD and FID
channels. Detection Timits will be calculated by reference to the low-end
standard and ambient air blank. Calibration factors will be verified ance
daily prior to sample analysis with a mid-range standard. In addition to the
species discussed above, stock soTutions also will be available for the
following analytes: 1,2-dichloroethans, 1,1-dichloroethane, cis- and trans-
dichlorgethene, methylene chloride, chlorobenzens, benzene, toluens, ethyl
benzene, mip-xylene, o-xylens, methylethyl ketone, methylisobutyl ketone,
hexane, heptane, and octane, Dilutions of those analytes shall be used for
accurate determination of retention time; however, those species will not
normally be guantified unless found in actual soii-gas samples,

Melhane calibration is performed with a2 gas standard containing $.3 ppmv
of methane in air. Al1 60 work is performed in the linear region amd
compared to a single point calibration.

VALIBATION

The validity of the calibration procedure will be established as
follows, 6as standards for the analytes of interest will be prepared by
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addition of 10-ul samples of stock solution in methanel to gas sampling bulbs
of accurately known volume. The volume of the buib will be determined by
filling with water and weighing. Evaporation of the methanol sample solution
inside the bulb will produce a dilute analyte-air mixture of accurately known
concentration. Bulbs will be heated to 100°C for at least I h te promote
complate mixing. Samples drawn from the gas sampling bulb will be injected
into the 6C and comparsd with samples of the same analyte introduced into the
purge and trap unit as water solution.

BLANKS

Two types of blanks must be considered; i.e., water bianks and gas
blanks. At least one set of each type of blank will be run prior to initia-
tion of sample analysis on a daily basis. More frequent analysis of blanks
will be performed i blank contamination is detected or suspected. Waler
blank analysis will be performed on samples of reboiled deionized water
produced in PNL’s Taboratories. §Gas blanks will consist of ambient air drawn
through the entire sampling train set up at least 0.5 m above the ground
surface, collected, and treated as a sample. Care must be taken in collect-
ing ambient air samples to ensuyre that the air sampled is pristine.

SAMPLE ANALYSIS

Samples will be analyzed as scon as possible following receipt in the
mebile laboratory. Samples will be withdrawn from the gas sampling bulb with
a gas-tight syringe fittad with a 2-in. sampling needle. In areas with
suspected high contamination, an initial sample of 200 uL will be taken with
a 1-ml syringe to avoid accidental overload of the GL. Based on the result,
a scale-up to 5 ol may be performed. AL Teast 10% of the samples showing
positive detection on the 5-mi or smaller sample should be run in duplicate
to provide data for estimation of precision. Syringes and gas sampiing bulbs
will be vacuum flushed prior to reuse. Bulbs should be disassembled and
baked prigr to reuse {f they have been exposed to contaminant levels in
sxcess of 6 ng/mi.



TA QUALIT CT1y

The soil-gas survey method is a cost-effective screening tool intended
as a supplement to {not a replacement for) well sampling. The goal of the
program is thus to obtain data of adequate qualily to determine if certain
types of contaminants exist in the subsurface and provide a reasonable esti-
mate of the areal extent of the contamination. The procedure shouid, if
possibie, have adeguate sensitivity to detect contaminants in the ground
water at or below their respective Maximum Contaminant Levels; however, {hat
goal is only possible for a Yimited number of species, including carbon
tetrachlioride, chloroferm, 1,1,1-trichlorpethane, tetrachioroethene, and
trichloreethene, The spacing of the data grid should be sufficiently fine to
permit detailed contour plotiing needed for the siting of wells. A spatial
resclution of half the distance to the ground water is useful as a guidaline
for minimum spacing of sampling poiants. Limitatiens of the method should be
recognized. The soil-gas survey method is not sensitive to species of
Timited volatility or any iporganic or radicactive species, The method has
hagn found to be best applied to halogenated {primarily chlorinated} specisas
because ¢of bacterial or other degradation effects for most nonhalogenated
species. The method cannot easily distinguish between ground-water and
vadose zone contamination. Analytical sensitivity is Timited by distance to
ground water, Analyilical sensifivity is otherwise Timited on & species-by-
species basis by a variety of physical parameters for the individual
analytes, such as Henry’s Law constant and diffusion coefficient. While
correlations with ground-water concentration can be made, the method should
normally be used only as a relative screening tool. Attempts io derive quan-
titative estimates of ground-water concentrations should be approached with
extreme ¢aution., Accuracy and precision of data should be consistent with
best available measurement technology and EPA guidelines for Lhe measurement
of wolatile organics in water. Precisien of individual measurements should
be between 5% or betisr depending on the Jevel detected.
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QUALITY ASSURANCE

Work was performed in accordance with Quality Assurance Manual (PNL
1989) Impact Level 3.

DATA REPORTING

Soil-gas concentrations are reported in micrograms of analyte per liter
of air. Air volumes are measured with a gas sampling syringe at ambient
temperature and pressure. Data have been plotted on a copy of the SWL site
map with contours drawn by computer algorithm. Separate maps are drawn for
each species detected.
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