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Characterization of the Geology and Contaminant
Distribution at the Six Phase Heating Demonstration Site

at the Savannah River Site

C. A, Eddy-Dilek, T. R. Jarosch, M. A. Keenan, W. H. Parker, S. P. Poppy, and J. L. Simmons

- Abstract

The objective of the Volatile Organic Compounds in Non-
arid Soils Integrated Demonstration at the Savannah River
Site is to evaluate innovative remediation, characteriza-
tion, and monitoring systems to facilitate restoration of
contaminated sites. The focus of the third phase of the
Integrated Demonstration is to evaluate the use of heating
technologies, both radio frequency and ohmic heating, to
enhance the removal of contamination from clay layers.

This report documents characterization data collected in
support of the ohmic heating demonstration performed by
researchers from PNL. The data presented and discussed
in this report include a general description of the site
including location of piezometers and sensors installed to
monitor the remedial process, and detailed geologic cross
sections of the study site, sampling and analysis proce-
dures for sediment samples, tabulations of moisture and
VOC content of the sediments, models of the distribution
of contamination before and after the test, and a compari-
son of the volume estimations of contaminated material
before and after the test.

Moisture content of soil water (8g) was determined for
duplicate samples collected from sediment cores. Calcu-
lated values of volumetric moisture content (8) ranged

from 0.07 to 0.80 for pretest samples and 0.01 to 0.45 for
post test samples. Two general observations can be made
about distribution of soil moisture in the study area. First,
in any given core, the clay rich zones have higher moisture
contents that the sandy zones. Second, the pretest moisture
content of sediments in the target clay zone were signifi-
cantly reduced during the heating.

Chemical analysis of the core material shows that the pre-
test distribution of solvent in the study area was governed
by the heterogeneity inherent in the interbedded clays and
sands. The pretest models of the distribution of PCE and
TCE show that the solvent was concentrated in the clay-
rich sediments located in the clayey zone that were tar-
geted in the demonstration. There is also a east to west
increase in the contaminant concentrations, the boring
with the highest measured concentrations is MHV-34 (181
ug/g TCE, 4500 pg/g PCE) which is the westernmost bor-
ing. This boring has solvent accumulations in the shallow
as well as in the deeper clay layers. The boring that was
closest to the leaking process sewer line that was the
source of the contamination in this area. The post-test
models show almost complete removal of solvent from the
heated zone. The inventory calculations support this con-
clusion. The results show that the heating process was suc-
cessful mobilizing and removing solvent from the heated
interval,
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1.0 Objective

The overall objective of the Volatile Organic Compounds
in Non-arid Soils Integrated Demonstration (ID) at SRS is
to evaluate innovative remediation, characterization, and
monitoring systems to facilitate restoration of
contaminated sites. The first phase of the ID focused on
applying and developing in situ air stripping technologies
to remediate sediments and groundwater contaminated
with VOCs. The second phase of field demonstration
focused on enhancing the in situ air stripping process by
adding nutrients selected to stimulate naturally occurring
microorganisms to degrade the contaminants. The purpose
of the third phase is to evaluate the use of heating
technologies—radio frequency and ohmic heating—to
enhance the removal of contamination from clay layers.

The objective of this report is to document characteriza-
tion data collected in support of the ohmic heating demon-
stration. The data include a general description of the site
(including location of piezometers and sensors installed to
monitor the remedial process), detailed geologic cross sec-
tions of the study site, sampling and analysis procedures
for sediment samples, tabulations of moisture and VOC
content of the sediments, models of the distribution of
contamination before and after the test, and a comparison
of the volume estimations of contaminated material before
and after the test.
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2.0 Introduction

A

Vadose zone characterization data, collected previously as
part of the Integrated Demonstration project at SRS, iden-
tified a shallow clay layer (30 to 45 feet depth) that con-
tains significant quantities of VOCs (Eddy-Dilek et al.,
1993; Looney et al., 1991). Analysis of sediment samples
collected identified a clay layer in the unsaturated zone
that contains trichloroethylene (TCE) and perchloroethyl-
ene (PCE) at elevated levels. The slow release of solvent
from this clay provides a long-term source of contamina-
tion to the underlying groundwater. While vacuum extrac-
tion can be used remove the contaminants in the
unsaturated zone before they reach the groundwater, the
method is limited by the relatively slow mass transfer out
of the clay, resnlting in unacceptably long remedial sce-
narios. Heating the clays to increase the removal of the
volatile contaminants in conjunction with vacuum extrac-
tion is one of the most promising in situ treatment options.
By selectively heating the clays to temperatures at or
above 100°C, the release and transport of TCE and PCE
from the clay during vacuum extraction will be enhanced
due to the following:

* an increase in the contaminant vapor pressure and dif-
fusivity

* an increase in the effective porosity of the sediment
with the release of water vapor and contaminant

+ enhanced removal from in situ steam stripping by the
water vapor generated from heating. Other methods of
subsurface heating (e. g., hot air or steam injection) are
poorly suited to heat clay layers because of the low per-
meability of clay.

The purpose of this field demonstration was to test and
evaluate the enhanced removal of chlorinated VOC from
subsurface sediments using ohmic heating. To assess the
effectiveness of the heating technology, pre- and post-
demonstration sediment cores were collected from bore-
holes within the heated zone. Samples from the cores were
analyzed for concentrations of chlorinated VOCs (TCE
and PCE) used to determine changes in the residual con-
taminant concentrations and moisture content to determine
potential changes in effective permeability to gas flow and
to aid in calculating heating efficiency. The performance
of the six phase ohmic heating demonstration is discussed
and documented in Gauglitz et al. (1994).
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3.0 Geology and Stratigraphy

The Savannah River Site (SRS) is located on the Atiantic
Coastal Plain. The Coastal Plain sediments are
approximately 1000-feet-thick and composed of stratified
clay, sand, and gravel. In general, these sediments dip
gently to the southeast. Brief lithologic descriptions of the
stratigraphic units from the surface to 200 feet depth at the
Integrated Demonstration Site are available in Eddy-Dilek
et al. (1993). The unsaturated sediments within the top
60 feet are of interest to this study. They consist of sands,
sandy clays, clayey sands, and clays deposited in the Late
Eocene to Miocene periods.

The lithostratigraphic units identified in the cores from
this study include the “upland unit” and Tobacco Road

sand. The sediment of the Tobacco Road sand consists of

light grayish purple to moderate grayish purple, medium
to fine-grained sand to clayey sand with approximately
10%-15% interstitial mud. The top of the Tobacco Road
sand is marked by a moderate grayish purple clay to
clayey sand approximately 10-feet-thick in the study area.
This clay unit was targeted in the field demonstration. The

sandy portion of the unit tends to contain more clay (up to

30%) at the base. The unconformable contact with the
overlying upland unit is irregular, suggesting heavy scour-
ing of the Tobacco Road sand during deposition of the
“upland unit”.

The “upland unit” is composed of sediments that are
reddish orange to brown to purple, with a highly variable
lithology. The unit ranges from poorly sorted, gravely sand
to clay containing virtually no sand. It has a distinctive
speckled appearance in sandier layers. The contact of this

unit with the underlying Tobacco Road sand is
unconformable and highly irregular.

Core samples were described in the Westinghouse Savan-
nah River Company’s core logging facility using a stan-
dardized procedure for describing core material. A sample
of core material is homogenized over a one foot interval
and described (Procedure ESSOP-2-15: Microscopic
Examination of Sediment Cores). Descriptions made using
this procedure ignore lithologic features less than a foot in
thickness and reflect a “whole-rock” lithologic classifica-
tion of the sediment. For example, an interval containing
40% sand-sized material and 60% mud-sized material in
discrete interbeds would be classified as a sandy clay. An
interval containing the same percentage distributions, but
with the mud fraction dispersed throughout the interval as
a matrix would also be classified as a sandy clay. These
intervals may appear identical on a geologic cross-section
despite their differences in depositional environment and
hydrologic properties.

A geologic cross section across the demonstration site was
constructed along a north-south trend, including wells
MHV-30, MHV-37, MHB-38, MHV-39 (Plate 1) and an
east-west including, wells MHV-34, MHV-30, MHV-31
(Plate 2) trends. These cross sections intersect at well
MHV-30, the central vent well. These cross-sections
clearly delineate the distribution of the clay layer targeted
in this demonstration and the heterogeneous nature of the
interlayered sediments at the demonstration site. Continu-
ous core description and core samples are available for the
wells (see Appendix C).
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4.0 Demonstration Site Description

Core samples were collected to characterize the six phase
heating demonstration site (I did not understand the
change yon wanted, see attached). Figure 1 shows the
location of the electrode array used during the heating
demonstration, and the observation wells used to monitor
the remedial progress. During pretest characterization,
continuous core samples were collected at locations MHV-
30 (central vent), MHV-31 and MHV-34 (electrodes), and
MHV-37, MHV-38, and MHV-39 (observation wells).
Since the top of the target clay layer is Iocated at a depth of
approximately 30 feet and approximately 10-feet-thick,
the borings were drilled to a 60-foot-depth to characterize
contamination above, within, and below the clay.

Continuous sediment cores were collected by a hollow
stem auger with a split spoon sampler starting at
approximately 25 feet to total depth. Samples were
collected at one-foot-intervals from the cores in the field
for chemical and moisture content determination.
Geologic descriptions of the core were prepared in the
field.

Post-test characterization at the site consisted of borings
adjacent to each location of the pretest borings. Five con-
tinuous cores were collected two weeks after the heat
source was turned off (MHB-30, -31, -37, -38, and -39)
and two continuous cores were collected two months after
the ground cooled (MHB-34VD and MHB-37VD).

Geographic Coordinates of Electrodes, Observation Wells, and Post-Test Borings

Table 1.

Well ID East North Well ID East North
MHV-30 48703.2 102460.3 MHB-30 48707.09 102456.9
MHV-31 48718.0 102456.1 MHB-31 48716.24 102453.7
MHV-32 48706.6 1024455 MHB-34 48689.37 102461.6
MHV-33 48693.1 102450.1 MHB-37 48704.06 102452.5
MHV-34 48689.0 1024646 MHB-37D 48701.35 102450.9
MHV-35 48699.8 102475.1 MHB-38 48702.26 102446
MHV-36 48713.8 1024705 MHB-3% 48699.36 102437.1
MHV-37 48701.0 102453.3
MHV-38 48699.6 102448.1
MHV-39 48696.5 102438.6
MHV-40 48699.5 102466.8
MHV-41 487104 102462.6
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Explanation of Symbols
(O Central Vent
@ Electrode (previous numbers)

O Observation Well (pressure and temperature)

A Observation Well (temperature only)

MHV-35

PT-2 1 PT-2
.. [ ] =
MHV-40 A MV Al

MHV-36

Central Vent MHV-3
" MHV-30

N

MHV-32
MHV-33

Figure 1. Map of the Ohmic Heating Demonstration Site
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5.0 Sediment Sampling and Analysis

Sediment samples were collected during characterization
activities using the protocol summarized below and
detailed in Eddy et al. (1991) and Looney et al. (1993).

Sediment samples for VOC analysis and moisture content
determination were collected in the held (Is this the cor-
rect word? See attached.). A sample was collected imme-
diately after the split spoon was opened using a syringe
with the end cut off. For moisture content samples, the
sediment plug was extruded in a preweighed vial that was
then sealed. In the lab, the vials were weighed, opened,
and placed into a drying oven and dried at 60°C. The sam-
ples were reweighed daily until the variance between the
individual weighings was small.

Samples for VOC analysis were extruded into headspace
vials, sealed, and packed on ice, taken to the lab daily, and
stored in a refrigerator until analyzed. VOC analyses were
performed on a Hewlett-Packard (HP) 5890 gas chromato-
graph with electron capture and flame ionization detectors,
an HP 19395A Headspace Sampler, an HP 3392A Net-
working Integrator, and a 60 m 0.75 mm inner-diameter
Supelco VOCOL wide bore capillary column coated with
a 1.5 mm film. The instrument was calibrated using sam-
ples spiked with standard solution. Analytical techniques
used are presented in detail in Eddy et al. (1991) and
Looney et al. (1993).
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6.0 /In SituMoisture Contents

Moisture content (0g), or soil water, was determined
for duplicate samples collected from sediment cores,
six from the pretest characterization (MHV -30, -31,
-34, -37, -38, and -39) and three -collected
approximately two weeks after the heat source was
turned off (MHB -30, -31, -37, -38, and -39), and two
additional cores were collected approximately two
months after the heat was turned off (MHB-34VD
and MHB-37VD). The results are tabulated in
Appendix A,

The gravimetric moisture content of a sediment

(g water/ g soil) is the most straight-forward
expression of soil water content. Gravimetric
moisture is the difference in weight between the dry
and moist sediment expressed as a fraction of the
moist weight. The preferred expression of soil
moisture is volumetric moisture content. Since the
volumes of each sample were not measured in this
study, the volumetric moisture content (8) of the
sediments can only be estimated. Several assumptions
were made in these calculations to estimate the
volumes of the samples: 48% porosity for the clay
fraction, 35% for the sand fraction, 2.6 for the density
of clay, and 2.65 for the sand and gravel. These
estimated values are based on geotechnical
measurements made on nearby cores from the
demonstration site (Eddy et al., 1993). Grain size
distribution estimates were made by microscopic

examination of each the sample after drying. It is
important to recognize that the result of the volumetric
moisture content calculation is sensitive to the value
assumed for porosity.

Calculated values of volumetric moisture content (6)
ranged from 0.07 to 0.80 for pretest samples and 0.01 to
0.45 for post test samples. Two general observations can
be made about distribution of soil moisture in the study
area. First, in any given core, the clay rich zones have
higher moisture contents than the sandy zones. Second,
the pretest moisture content of sediments in the target clay
zone was significantly reduced during the heating. Figures
2 and 3 show results obtained from pretest and post-test
borings for the electrodes (MHV-31 and

MHV-34). In the zone, located at depths of 30 to 40 feet
targeted during the heating, the samples collected two
weeks (MHB-31) after the heat was turned off are lower in
moisture content than in the analogous pretest samples.
Similarly, most of the samples collected two months
(MHB-34VD) after the heat was turned off are lower in
moisture content than in the analogous pretest samples. In

" the overlying and underlying zones, the moisture contents

vary significantly and a clear relationship between pretest
and post-test values is not evident. Deviations from the
general trends at nearby depths may also result from
sampling a different lithology in the pretest and post-test
sampling.
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7.0 Volatile Organic Compound Results

Chemical analyses of the core samples were done to deter-
mine TCE and PCE content. Samples for were collected
from the sediment cores: six cores from the pretest charac-
terization (MHV-30, -31, -34, -37, -38, and -39); five cores
collected two weeks after the heat source was turned off
(MHB-30, -31, -37, -38, and -39); and two cores after the

ground had cooled for two months (MHB-34VD and
MHB-37VD). The analytical results are tabulated in
Appendix B and graphed in Appendix D.

Figures 4, 5, 6, and 7 show the three-dimensional distribu-
tion of TCE and PCE in the sediment before and after the
ohmic heating test. As expected, the pretest distribution of

solvent in the study area was governed by the heterogene- -

ity inherent in the interbedded clays and sands. The pretest
models of the TCE and PCE show that the highest concen-
trations of solvent are found in the zone between 330 and
318 feet elevation. The images of the distribution of PCE
and TCE show that the stratified sediments contributed to
anisotropic distribution of sediment, e.g., the solvent is
concentrated in the clay-rich sediments in the clayey zone
targeted in the demonstration. There is also an east to west
gradient in the contaminant concentrations—the boring
with the highest measured concentrations is MHV-34

(181 pg/g TCE, 4500 pg/g PCE), which is the westernmost
boring. This boring has solvent accumulations in the shai-
low and the deeper clay layers. This boring that was clos-
est to the leaking process sewer line that was the source of
the contamination in this area.

"The post-test models (Figures 6 and 7) show almost com-

plete removal of solvent from the heated zone. The only
core with significant concentrations of solvent remaining
was MHB-34. This clay layer was very shallow and was

- not heated in the demonstration.

The volumes of pretest and post-test TCE and PCE were
estimated from the three-dimensional grids. Contaminant
inventories are based on determining the volume between
specified isoconcentration surfaces. For the volumetric
calculations, the models were clipped to only include the
clay directly impacted by heating, specifically, the tops of
the models were clipped at elevation 337 and the bottoms
were clipped at 313 feet. This excludes the shallow zone at
location MHV/MHB-34. The contaminant inventory is
estimated by assigning a mass to each volume and the
resulting masses are summed. The assumptions made in
these calculations include 1.6 for the bulk density, 40% for
the porosity, and the average of the two bounding isocon-
centration surfaces is used for the solvent concentration.
The same gridding parameters and bounding surfaces are
used to calculate the grids.

The inventory calculations show that the concentration of
TCE and PCE decreased significantly after heating. TCE
decreased 98% and PCE increased by 99% in the modeled
area (Table 2). The results show that the heating process
successfully mobilizéd and removed solvent from the
heated interval.
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Figure 4. Pretest Distribution of Trichloroethylene
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Table 2. Volumetric Estimation of Pretest and Post-Test Contaminant Inventories
(Concentrations are expressed in ppm, volumes-in cubic feet, mass in grams.)

Concentration
‘Interval Avg Pretest Post-Test Pretest Post-Test

(ppm) PCE PCE PCE PCE

0.025 782 7145 1 8

0.075 1034 1576 4 5

0.175 2413 1583 13

0.375 1985 965 34 16

0.75 971 672 33 23

1.5 635 242 43 16

35 830 84 13

7.5 628 42 14
17.5 863 13 10 .
375 624 0.09

75 557 0 0

125 300 0 0
175 192 '
250 224
350 124
450 82
550 14
650 9
750 6
Totals 12321 12321 3101

QOO O O WO N0 W

Removal
Efficiency
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Appendix B

Well ID North East Elev TCE PCE

MHV-30 102460.26 48703.22 3529 0.000 0.008
MHV-30 102460.26 48703.22 3479 0.000 0.008
MHV-30 102460.26 48703.22 3429 0.000 0.011
MHV-30 102460.26 48703.22 3379 0.002 0.057
MHV-30 102460.26 48703.22 3329 0.040 0.471
MHV-30 102460.26 48703.22 3319 0.009 0.080
MHV-30 102460.26 48703.22 3309 0.005 0.052
MHYV-30 102460.26 48703.22 3299 0.004 0.019
MHV-30 102460.26 48703.22 3289 0.135 4.038
MHV-30 102460.26 48703.22 3279 0.019 0.181
MHV-30 102460.26 48703.22 3269 0.031 0.403
MHV-30" 102460.26 48703.22 3259 0.306 3.920
MHV-30 102460.26 48703.22 3249 12.520 76.174
MHV-30 102460.26 48703.22 3239 21.969 103.123
MHV-30 102460.26 48703.22 3229 24.996 187.321
MHV-30 102460.26 48703.22 321.9 38.862 200.262
MHV-30 102460.26 48703.22 320.9 35.333 167.022
MHV-30 102460.26 48703.22 319.9 0.045 0.052
MHV-30 102460.26 48703.22 3189 0.020 0.022
MHV-30 102460.26 48703.22 3179 0.317 0308
MHV-30 102460.26 48703.22 316.9 0.050 0.045
MHV-30 102460.26 48703.22 3159 0.170 0.202
MHV-30 102460.26 48703.22 314.9 0.325 0.386
MHV-30 102460.26 48703.22 3139 0.218 0.258
MHV-30 102460.26 48703.22 3129 0.067 0.076
MHV-30 102460.26 48703.22 311.9 0.116 0.144
MHV-30 102460.26 48703.22 3109 0.053 0.055
MHV-30 102460.26 48703.22 309.9 0.057 0.062
MHV-30 102460.26 48703.22 308.9 0.037 0.044
MHV-30 102460.26 48703.22 3079 0.037 0.043
MHV-30 102460.26 48703.22 306.9 0.040 0.045
MHV-30 102460.26 48703.22 305.9 0.002 0.002
MHV-30 102460.26 48703.22 304.9 0.020 0.021
MHV-30 102460.26 48703.22 303.9 0.043 0.053
MHV-30 102460.26 48703.22 302.9 0.083 0.106
MHV-30 102460.26 48703.22 301.9 0.147 0.223
MHV-30 102460.26 48703.22 300.9 0.236 0358
MHV-30 102460.26 48703.22 299.9 0.173 0.231
MHV-30 102460.26 48703.22 298.9 0.158 0.157
MHV-30 © 102460.26 48703.22 2979 0.055 0.047
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North

‘Well ID East Elev TCE PCE
MHV-31 102456.05 48717.96 3523 0.003 0.006
MHV-31 102456.05 48717.96 3473 0.002 0.009
MHV-31 102456.05 48717.96 342.3 0.002 0.006
MHV-31 102456.05 48717.96 3373 0.002 0.025
MHV-31 102456.05 48717.96 3323 0.003 0.046
MHV-31 102456.05 48717.96 . 3303 0.076 0.603
MHV-31 102456.05 48717.96 3283 0.039 0.305
MHV-31 102456.05 48717.96 326.3 0.155 2218
MHV-31 102456.05 48717.96 3243 0.132 2.116
MHV-31 102456.05 48717.96 3223 1.679 8.627
MHV-31 102456.05 48717.96 3203 1.034 2.492
MHV-31 102456.05 48717.96 3183 0.054 0.065
MHV-31 102456.05 48717.96 3163 0.134 0.078
MHV-31 102456.05 "48717.96 3143 0.305 0.442
MHV-31 102456.05 48717.96 3123 0.114 0.098
MHV-31 102456.05 48717.96 3103 0.125 0.155
MHV-31 102456.05 48717.96 3083 0.010 0.011
MHV-31 102456.05 48717.96 306.3 0.138 0.160
MHV-31 102456.05 48717.96 304.3 0.253 0.169
MHV-31 102456.05 48717.96 3023 0.684 1.349
MHV-31 102456.05 48717.96 2973 0.195 0.115
Well ID North East Elev TCE PCE
MHV-34 102464.64 48689.02 353.6 0.011 0.097
MHV-34 102464.64 48689.02 348.6 0.000 0.011
MHV-34 102464.64 48689.02 343.6 0.158 4529.113
MHV-34 102464.64 48689.02 338.6 0.032 40.789
MHV-34 102464.64 48689.02 333.6 8421 436.526
MHV-34 102464.64 48689.02 331.6 1.858 485.514
MHV-34 102464.64 48689.02 329.6 0.030 0.134
MHV-34 102464.64 48689.02 327.6 0.612 25.990
MHV-34 102464.64 48689.02 325.6 3.989 127.657
MHV-34 102464.64 48689.02 323.6 48.655 468.360
MHV-34 102464.64 48689.02 321.6 79.705 423.086
MHV-34 102464.64 48689.02 319.6 0.294 0.404
MHV-34 102464.64 48689.02 3176 0.061 0.096
MHV-34 102464.64 48689.02 315.6 1.014 1.212
MHV-34 102464.64 48689.02 313.6 0.006 0.012
MHV-34 102464.64 48689.02 3116 0.059 0.119
MHV-34 102464.64 48689.02 309.6 0.011 0.025
MHV-34 102464.64 48689.02 307.6 0.032 0.046
MHV-34 102464.64 48689.02 305.6 0.035 0.446
MHV-34 102464.64 48689.02 303.6 0.002 0.006
MHV-34 102464.64 48689.02 298.6 0.211 0.212

Appendix B. Chemical Analyses from Pretest an Post-Test Borings (Contd)
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Appendix B

Well ID North East Elev TCE PCE
MHV-37 102453.28 - 48700.98 3528 0.000 0.021
MHV-37 102453.28 48700.98 3478 0.000 0.083
MHV-37 102453.28 48700.98 342.8 0.001 0.133
MHV-37 102453.28 48700.98 3378 0.034 0.493
MHV-37 102453.28 48700.98 3328 0.029 0.154
MHV-37 102453.28 48700.98 3318 0.019 0.133
MHV-37 102453.28 48700.98 330.8 0.051 0313
MHV-37 102453.28 " 48700.98 3208 0.044 0.345
MHV-37 102453.28 48700.98 3288 0.005 0.041
MHV-37 102453.28 48700.98 3278 0.063 0.544
MHV-37 102453.28 48700.98 326.8 0.031 0.238
MHV-37 102453.28 48700.98 3258 0.257 4.324
MHV-37 102453.28 48700.98 3248 2.033 8.193
- MHV-37 102453.28 48700.98 3238 8.157 39.181
MHV-37 102453.28 4870098 3228 21.546 98.750
MHV-37 102453.28 48700.98 321.8 2.779 16.538
MHV-37 102453.28 48700.98 320.8 20.898 119.184
MHV-37 102453.28 48700.98 319.8 21.479 101.748
MHV-37 102453.28 48700.98 3188 0.513 0.425
MHV-37 102453.28 - 48700.98 317.8 0.944 0.588
MHV-37 102453.28 48700.98 316.8 0.687 0.429
MHV-37 102453.28 48700.98 3158 1.024 0.980
MHV.37 102453.28 48700.98 314.8 0.173 0.155
MHV-37 102453.28 48700.98 313.8 0.159 0.153
MHV-37 102453.28 48700.98 312.8 0.062 0.069
MHV.37 102453.28 48700.98 311.8 0.067 0.070
MHV-37 102453.28 48700.98 310.8 0.012 0.011
MHV.-37 102453.28 48700.98 309.8 0.070 0.074
MHV-37 102453.28 48700.98 308.8 0.019 0.020
MHV-37 102453.28 48700.98 307.8 0.037 0.032
MHV-37 102453.28 48700.98 306.8 0.026 0.025
MHV-37 102453.28 48700.98 305.8 0.038 0.039
MHV-37 102453.28 48700.98 304.8 0.010 0.012
MHV37 102453.28 48700.98 303.8 0.051 0.049
MHV-37 102453.28 48700.98 302.8 0.017 0.013
MHV-37 102453.28 48700.98 297.8 0.176 0.163
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Well ID North East Elev TCE PCE
MHV-38 102448.06 48699.59 352.8 0.000 0.007
MHV-38 102448.06 48699.59 347.8 0.000 - 0.040
MHV-38 102448.06 48699.59 3428 0.017 0.964
MHV-38 102448.06 48699.59 3378 0.082 0.180
MHV-38 102448.06 48699.59 3328 0.097 0.333
MHV-38 102448.06 48699.59 331.8 0.052 0.160
MHV-38 102448.06 48699.59 3308 0.052 0.190
MHV-38 102448.06 48699.59 329.8 0.028 0.154
MHV-38 102448.06 48699.59 3288 0.035 0.216
MHV-38 102448.06 48699.59 3278 0.067 0.498
MHV-38 102448.06 48699.59 326.8 0.035 0.291
MHV-38 102448.06 48699.59 325.8 0.319 2.375
MHV-38 102448.06 48699.59 3248 7.182 27.704
MHV-38 102448.06 48699.59 3238 12.232 42.350
MHV-38 102448.06 48699.59 3228 15351 - 53.911
MHV-38 102448.06 48699.59 3218 39.777 145917
MHV-38 102448.06 48699.59 320.8 71.314 233.016
MHV-38 102448.06 48699.59 3198 181.576 399.694
MHV-38 102448.06 48699.59 3188 T 73.754 105.848
MHV-38 . 102448.06 48699.59 317.8 9.022 6.648
MHV-38 102448.06 48699.59 316.8 0.041 0.017
MHV-38 102448.06 48699.59 3158 0.033 0.019
MHV-38 102448.06 - 48699.59 3148 0.355 0.311
MHV-38 102448.06 48699.59 3138 0.353 0.328
MHV-38 10244806 48699.59 3128 0.201 0.196
MHV-38 102448.06 48699.59 311.8 0.022 0.022
MHV-38 102448.06 48699.59 3108 0.058 0.063
MHV-38 102448.06 48699.59 309.8 0.010 0.011
MHV-38 102448.06 48699.59 308.8 0.036 0.037
MHV-38 102448.06 48699.59 307.8 0.078 0.087
MHV-38 102448.06 48699.59 306.8 0.005 0.003
MHV-38 102448.06 48699.59 3058 0.029 0.035
MHV-38 102448.06 48699.59 304.8 0.059 0.074
MHV-38 102448.06 48699.59 3038 0.030 0.035
MHV-38 102448.06 48699.59 302.8 '0.023 0.023
MHV-38 102448.06 48699.59 2978 0.022 0.024

44

94X03876.fmk




Appendix B

Well ID North East Elev TCE PCE
MHV-39 102438.64 48696.5 352.6 0.000 0.007
MHV-39 102438.64 48696.5 347.6 0.000 0.046
MHV-39 102438.64 48696.5 342.6 0.126 3.018
MHV-39 102438.64 48696.5 337.6 1.115 10.920
MHV-39 102438.64 48696.5 3326 0.106 0.266
MHV-39 102438.64 48696.5 331.6 0.129 0.345
MHV-39 102438.64 48696.5 330.6 0.140 0.415
MHV-39 102438.64 48696.5 329.6 0.130 0.461
MHV-39 102438.64 48696.5 328.6 0.051 0.133
MHV-39 102438.64 48696.5 327.6 0.042 0.189
MHV-39 102438.64 48696.5 326.6 0.268 3.250
MHV-39 102438.64 48696.5 325.6 0.198 2.706
MHV-39 102438.64 48696.5 324.6 2.766 4329
MHV-39 102438.64 48696.5 3236 2.795 3.007
MHV-39 102438.64 48696.5 3226 4.818 8.093
MHV-39 102438.64 48696.5 321.6 7.455 7.970
MHV-39 102438.64 48696.5 320.6 37.637 25.585
MHV-39 102438.64 48696.5 319.6 43.852 26.617
MHV-39 102438.64 48696.5 318.6 68.004 64.558
MHV-39 102438.64 48696.5 317.6 27.387 16.678
MHV-39 102438.64 48696.5 316.6 0.065 0.021
MHV-39 102438.64 48696.5 315.6 1.111 0.383
MHV-39 102438.64 48696.5 314.6 0.410 0.272
MHV-39 102438.64 48696.5 313.6 0.273 0.139
MHV-39 102438.64 48696.5 312.6 0.141 0.123
MHV-39 102438.64 48696.5 311.6 0.251 0.237
MHV-39 102438.64 48696.5 3106 0.033 0.022
MHV-39 102438.64 48696.5 309.6 0.053 0.048
MHV-39 102438.64 48696.5 308.6 0.090 0.087
MHV-39 102438.64 48696.5 307.6 0.212 0215
MHV-39 102438.64 48696.5 306.6 0.014 0.013
MHV-39 102438.64 48696.5 305.6 0.096 0.077
MHV-39 102438.64 48696.5 304.6 0.091 0.106
MHV-39 102438.64 48696.5 303.6 0.045 0.037
MHV-39 102438.64 48696.5 302.6 0.059 0.066
MHV-39 102438.64 48696.5 297.6 0.249 0.339
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Well ID North East Elev TCE PCE
MHB-30 102456.9 48707.09 353 0.001 0.017
MHB-30 102456.9 48707.09 348 0.003 0.024
MHB-30 102456.9 48707.09 343 0.013 0.083
MHB-30 102456.9 48707.09 338 0.006 0.057
MHB-30 102456.9 48707.09 333 0.001 0.003
MHB-30 102456.9 48707.09 332 0.001 0.006
MHB-30 102456.9 48707.09 331 0.022 0.188
MHB-30 1024569 - 48707.09 330 0.014 0.101
MHB-30 102456.9 48707.09 329 0.061 0.461
MHB-30 102456.9 48707.09 328 0.002 0.006
MHB-30 102456.9 48707.09 327 0.035 0.145
MHB-30 102456.9 48707.09 326 0.005 0.004
MHB-30 102456.9 48707.09 325 0.027 0.028
MHB-30 102456.9 48707.09 324 0.021 0.028
MHB-30 102456.9 48707.09 323 0.025 0.033
MHB-30 102456.9 48707.09 322 0.045 0.063
MHB-30 102456.9 48707.09 320 0.001 0.001
MHB-30 102456.9 48707.09 319 0.001 0.002
MHB-30 102456.9 48707.09 318 0.001 0.002
MHB-30 102456.9 48707.09 317 0.001 0.001
MHB-30 102456.9 48707.09 316 0.001 0.001
MHB-30 102456.9 48707.09 315 0.038 0.043
MHB-30 102456.9 48707.09 314 .0.19 0.202
MHB-30 102456.9 48707.09 313 0.008 0.011
MHB-30 102456.9 48707.09 312 0.008 0.012
MHB-30 102456.9 48707.09 311 0.002 0.003
MHB-30 102456.9 48707.09 310 0.002 0.002
MHB-30 102456.9 48707.09 309 0.002 0.003
MHB-30 102456.9 48707.09 308 0.009 0.014
MHB-30 102456.9 48707.09 307 0.006 0.009
MHB-30 102456.9 48707.09 306 0.004 0.010
MHB-30 102456.9 48707.09 305 0.104 0.158
MHB-30 102456.9 48707.09 304 0.008 0.018
MHB-30 102456.9 48707.09 303 0.029 51.817
MHB-30 102456.9 48707.09 302 0.361 0.380
MHB-30 102456.9 48707.09 301 0.145 0.151
MHB-30 102456.9 48707.09 300 0.143 0.147
MHB-30 102456.9 48707.09 299 0.095 0.191
MHB-30 102456.9 48707.09 298 0.172 0.261
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Appendix B

Well ID » North East Elev TCE PCE
MHB-31 102453.7 48716.24 3523 0.001 0.004
MHB-31 102453.7 48716.24 347.3 0.001 0.002
MHB-31 102453.7 48716.24 3423 0.001 0.002
MHB-31 102453.7 48716.24 3373 0.002 0.026
MHB-31 102453.7 48716.24 3323 0.002 0.009
MHB-31 102453.7 48716.24 3303 0.001 0.001
MHB-31 102453.7 48716.24 3283 0.001 0.001
MHB-31 102453.7 48716.24 3263 0.006 0.014
MHB-31 102453.7 48716.24 3243 0.003 0.007
MHB-31 102453.7 48716.24 3223 0.014 0.075
MHB-31 102453.7 48716.24 320.3 0.037 0.127
MHB-31 102453.7 48716.24 3183 0.037 0.217
MHB-31 102453.7 48716.24 316.3 0.003 0.012
MHB-31 102453.7 48716.24 314.3 0.03 0.172
MHB-31 102453.7 48716.24 3123 0.014 0.020
MHB-31 102453.7 48716.24 310.3 0.073 0.106
MHB-31 102453.7 48716.24 308.3 0.022 0.023
MHB-31 102453.7 48716.24 306.3 0.062 0.089
MHB-31 102453.7 48716.24 3043 0.315 0.307
MHB-31 102453.7 48716.24 3023 0.191 0315
MHB-31 102453.7 48716.24 297.3 0.036 0.031
Well ID North East Elev TCE PCE

MHB-34 102461.6 48689.37 353.5 0.051 1.309
MHB-34 102461.6 48689.37 3485 0.034 681.870
MHB-34 102461.6 48689.37 343.5 9.971 903.119
MHB-34 102461.6 48689.37 3385 3.666 18.751
MHB-34 102461.6 48689.37 3335 0.779 2.541
MHB-34 102461.6 48689.37 3315 0.066 0.928
MHB-34 102461.6 48689.37 329.5 0.008 0.123
MHB-34 102461.6 48689.37 3275 0.045 0.560
MHB-34 102461.6 48689.37 3255 0.148 1.161
MHB-34 102461.6 48689.37 323.5 0.381 0.910
MHB-34 102461.6 48689.37 3215 0.708 1.023
MHB-34 102461.6 48689.37 319.5 0.498 0.727
MHB-34 102461.6 48689.37 317.5 0.02 0.173
MHB-34 102461.6 48689.37 3155 0.001 0.007
MHB-34 102461.6 48689.37 313.5 0.019 0.113
MHB-34 102461.6 48689.37 3115 0.015 0.061
MHB-34 102461.6 48689.37 309.5 0.015 0.034
MHB-34 102461.6 48689.37 3075 0.005 0.018
MHB-34 102461.6 48689.37 305.5 0.025 0.097
MHB-34 102461.6 48689.37 303.5 0.032 0.033
MHB-34 102461.6 48689.37 298.5 0.214 0.135
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WSRC-TR-93-678

Well ID North East Elev TCE PCE
MHB-37 102452.5 48704.06 352.9 0.001 0.039
MHB-37 102452.5 48704.06 3479 0.001 0.013
MHB-37 102452.5 48704.06 3429 0.001 0.011
MHB-37 102452.5 48704.06 3379 0.008 0.049
MHB-37 102452.5 48704.06 332.9 0.001 0.001
MHB-37 102452.5 48704.06 331.9 0.004 0.009
MHB-37 102452.5 48704.06 330.9 0.001 0.002
MHB-37 102452.5 48704.06 3299 0.001 0.001
MHB-37 102452.5 48704.06 328.9 0.001 0.002
MHB-37 102452.5 48704.06 3279 0.001 0.003
MHB-37 1024525 48704.06 326.9 0.003 0.006
MHB-37 102452.5 48704.06 3259 0.01 0.059
MHB-37 102452.5 48704.06 3249 0.03 0.037
MHB-37 102452.5 48704.06 3239 0.023 0.112
MHB-37 102452.5 48704.06 3229 0.001 0.001
MHB-37 102452.5 48704.06 3219 0.018 0.024
MHB-37 102452.5 48704.06 320.9 0.014 0.077
MHB-37 102452.5 48704.06 319.9 0.001 0.001
MHB-37 102452.5 48704.06 318.9 0.013 0.026
MHB-37 102452.5 48704.06 3179 0.002 0.004
MHB-37 102452.5 48704.06 316.9 0.072 0.149
MHB-37 102452.5 48704.06 3159 0.141 0.302
MHB-37 102452.5 48704.06 3149 0.012 0.021
MHB-37 102452.5 48704.06 313.9 0.006 0.008
MHB-37 102452.5 48704.06 3129 0.018 0.118
MHB-37 102452.5 48704.06 311.9 0.011 0.019
MHB-37 102452.5 48704.06 3109 0.002 0.007
MHB-37 102452.5 48704.06 309.9 0.001 0.002
MHB-37 102452.5 48704.06 308.9 0.003 0.008
MHB-37 102452.5 48704.06 307.9 0.009 0.014
MHB-37 102452.5 48704.06 306.9 0.019 0.048
MHB-37 1024525 - 48704.06 305.9 0.045 0.073
MHB-37 102452.5 48704.06 304.9 0.022 0.053
MHB-37 1024525 48704.06 303.9 0.039 0.071
MHB-37 102452.5 48704.06 302.9 0.056 0.082
MHB-37 102452.5 48704.06 297.9 0.004 0.004
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Appendix B
Well ID North East Elev TCE PCE
MHB-37D 102450.9 48701.35 353 0.001 0.019
MHB-37D 102450.9 48701.35 348 0.001 0.027
MHB-37D 1024509 48701.35 343 0.004 0.232
MHB-37D 102450.9 48701.35 338 0.648 1.750
MHB-37D 102450.9 48701.35 333 0.005 0.016
MHB-37D 102450.9 48701.35 332 0.001 0.004
MHB-37D 102450.9 48701.35 331 0.001 0.004
MHB-37D 102450.9 48701.35 330 0.001 0.006
MHB-37D 102450.9 48701.35 329 0.001 0.004
MHB-37D 102450.9 48701.35 328 0.001 0.001
MHB-37D 102450.9 48701.35 327 0.028 0.070
MHB-37D 102450.9 48701.35 326 0.013 0.029
MHB-37D 1024509 48701.35 325 0.059 0.120
MHB-37D 102450.9 48701.35 324 0.127 0.266
MHB-37D 102450.9 48701.35 323 0.184 0.341
MHB-37D 102450.9 48701.35 322 0.101 0.188
MHB-37D 102450.9 48701.35 321 0.017 0.021
MHB-37D 1024509 48701.35 320 0.124 0.237
MHB-37D 102450.9 48701.35 319 0.051 0.090
MHB-37D 102450.9 48701.35 318 0.123 0.237
MHB-37D 162450.9 48701.35 317 0.002 0.005
MHB-37D 102450.9 48701.35 316 0.045 0.088
MHB-37D 102450.9 48701.35 315 0.004 0.006
MHB-37D 102450.9 48701.35 314 0.01 0.016
MHB-37D 102450.9 48701.35 313 0.023 0.040
MHB-37D 102450.9 48701.35 312 0.004 0.007
MHB-37D 102450.9 48701.35 311 0.002 0.003
MHB-37D 102450.9 48701.35 310 0.015 0.027
MHB-37D 1024509 48701.35 309 0.008 0.014
MHB-37D 1024509 48701.35 308 0.007 0.012
MHB-37D 102450.9 48701.35 306 0.002 0.003
MHB-37D 102450.9 48701.35 305 0.01 0.012
MHB-37D 102450.9 48701.35 304 0.003 0.004
MHB-37D 102450.9 48701.35 303 0.192 0.304
MHB-37D 102450.9 48701.35 208 0.121 0.132
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WSRC-TR-93-678

Well ID North East Elev TCE PCE
MHB-38 102446 48702.26 352.9 0.001 0.081
MHB-38 102446 48702.26 3479 0.001 - 0.095
MHB-38 102446 48702.26 3429 0.002 0.105
MHB-38 102446 48702.26 3379 0.037 0.060
MHB-38 102446 48702.26 332.9 0.012 0.044
MHB-38 102446 48702.26 331.9 0.001 0.001
MHB-38 102446 48702.26 330.9 0.001 0.001
MHB-38 102446 48702.26 329.9 0.001 0.001
MHB-38 102446 48702.26 328.9 - 0.001 0.001
MHB-38 102446 48702.26 3279 0.002 0.003
MHB-38 102446 48702.26 326.9 0.001 0.001
MHB-38 102446 48702.26 3259 0.011 0.029
MHB-38 102446 48702.26 3249 0.019 0.031
MHB-38 102446 48702.26 3239 0.013 0.020
MHB-38 102446 48702.26 3229 0.001 0.001
MHB-38 102446 48702.26 321.9 0.135 0.141
MHB-38 102446 48702.26 320.9 0.103 0.065
MHB-38 102446 48702.26 3199 0.281 0.342
MHB-38 102446 48702.26 3189 0.013 0.018
MHB-38 102446 48702.26 317.9 0.001 0.001
MHB-38 102446 48702.26 316.9 0.001 0.001
MHB-38 102446 48702.26 315.9 0.022 0.037
MHB-38 102446 48702.26 3149 0.005 0.004
MHB-38 102446 48702.26 3139 0.017 0.026
MHB-38 102446 48702.26 3129 0.001 0.001
MHB-38 102446 48702.26 311.9 0.028 0.030
MHB-38 102446 48702.26 310.9 0.002 0.003
MHB-38 102446 48702.26 309.9 0.008 0.003
MHB-38 102446 48702.26 308.9 0.001 0.001
MHB-38 102446 48702.26 3079 0.012 0.005
MHB-38 102446 48702.26 306.9 0.013 0.014
MHB-38 102446 48702.26 305.9 0.025 0.020
MHB-38 102446 48702.26 304.9 0.04 0.052
MHB-38 102446 48702.26 303.9 0.069 0.103
MHB-38 102446 48702.26 302.9 0.233 0.301
MHB-38 102446 48702.26 297.9 0.052 0.049
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Appendix B

Well ID North East Elev TCE PCE

MHB-39 102437.1 48699.36 3526 0.001 0.023
MHB-39 102437.1 48699.36 3476 0.001 0.039
MHB-39 102437.1 48699.36 3426 0.003 0.118
MHB-39 102437.1 48699.36 3376 0.1 0.249
MHB-39 1024371 48699.36 332.6 0.012 0.042
MHB-39 102437.1 48699.36 331.6 0.011 0.044
MHB-39 102437.1 48699.36 330.6 0.007 0.025
MHB-39 102437.1 48699.36 329.6 0.006 0.031
MHB-39 102437.1 48699.36 328.6 0.007 0.019
MHB-39 102437.1 48699.36 327.6 0.034 0.098
MHB-39 1024371 48699.36 326.6 0.174 0.362
MHB-39 102437.1 48699.36 325.6 0.021 0.032
MHB-39 102437.1 48699.36 324.6 0.149 0.202
MHB-39 102437.1 48699.36 323.6 0.441 0.327
MHB-39 102437.1 48699.36 322.6 1.089 0.542
MHB-39 102437.1 48699.36 3216 1.825 1.340
MHB-39 102437.1 48699.36 320.6 2.249 1.198
MHB-39 102437.1 48699.36 319.6 3.867 3.600
MHB-39 102437.1 48699.36 3186 2.6 2.258
MHB-39 102437.1 48699.36 3176 1.708 0.891
MHB-39 102437.1 48699.36 316.6 1.038 0.978
MHB-39 102437.1 48699.36 3156 0.513 0.809
MHB-39 102437.1 48699.36 314.6 . 0275 0.544
MHB-39 102437.1 48699.36 313.6 1.589 1.937
MHB-39 102437.1 48699.36 312.6 0.278 0.566
MHB-39 102437.1 48699.36 311.6 0.053 0.084
MHB-39 102437.1 48699.36 310.6 0.188 0.307
MHB-39 102437.1 48699.36 309.6 0.232 0.419
MHB-39 102437.1 48699.36 308.6 0.104 0.179
MHB-39 1024371 48699.36 307.6 0.038 0.050
MHB-39 102437.1 48699.36 306.6 0.012 0.007
MHB-39 1024371 48699.36 305.6 0.011 0.008
MHB-39 102437.1 48699.36 304.6 0.353 0.683
MHB-39 102437.1 48699.36 303.6 0.176 0.154
MHB-39 102437.1 48699.36 302.6 0.135 0.229
MHB-39 102437.1 48699.36 297.6 0.359 0.628
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MHV-39 PCE Concentration
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MHB-37 TCE Concentration
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MHB-38 TCE Concentration
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MHB-34 PCE Concentration
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MHB-37D PCE Concentration
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MHB-39 PCE Concentration
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