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PREFACE
!

Fine-textured soils and sediments contaminated by trichloroethylene (TCE) and other chlorinated
organics present a serious environmental restoration challenge at U.S. Department of Energy
(DOE) sites. Although in situ processes such as bioremediation and soil vapor extraction are
feasible at sites with permeable soils (e.g., hydraulic conductivity K >10 -3cm/s), their application
is normally infeasible in wet, clay soils, and sediments. Environmental restoration of these sites
has normally consisted of either (1) excavation and on-site storage, off-site land filling, or thermal
treatment; or (2) in-place containment by capping and slurry wall emplacement.

In November 1990, DOE and Martin Marietta Energy Systems, Inc. (MMES) initiated a research
and demonstration project at Oak Ridge National Laboratory (ORNL). The goal of the project was
to demonstrate a feasible and cost-effective process for closure and environmental restoration of the
X-231B Solid Waste Management Unit at the DOE Portsmouth Gaseous Diffusion Plant located in
southern Ohio. The X-231B Unit was used from 1976 to 1983 as a land disposal site for waste
oils and solvents. Silt and clay deposits (K <10-6 cm/s) beneath the unit were contaminated with
volatile organic compounds (VOCs) such as TCE (approx. 1-100 ppm range) and low levels of
radioactive substances. The shallow groundwater (water table at approx. 12-14 ft depth) was also
contaminated, and some contaminants were at levels well above drinking water standards.

After an initial technology evaluation and screening phase, the X-231B project focused on research
and demonstration of in situ vapor stripping, chemical oxidation, and solidification; reagent
delivery to the subsurface was achieved by soil mixing techniques. The primary objectives of the
project were to develop processes as necessary and appropriate and to characterize the operation
and performance of each process with regard to in situ treatment of VOCs in clay soils. Secondary
objectives were to determine the treatment process zone of influence; the treatment process effects
on air emissions, soil chemistry, and microbiology properties; and the fate of heavy metal and
radioactive materials. Soil homogenization and translocation were also studied.

Since July 1991 varied research activities have been conducted. Site characterization and
contaminant modeling work has included use of a hydraulic probe for collection of nearly 200 soil
samples with on-site laboratory analysis for target VOCs. These data were used for statistical
simulation and three dimensional modeling of contaminant distribution. A series of laboratory
experiments were completed using bench-scale apparatus as well as a pilot-scale soil mixing
system in which soil cores from the site were treated. A full-scale field demonstration was
completed at the X-231B site in June 1992. Replicated tests of in situ vapor stripping,
peroxidation, and solidification were made in soil columns measuring 10 ft in diameter and 15 to
22 ft deep. A computerized data acquisition system linked to approximately 60 sensors enabled
near-continuous monitoring of process operation and performance (e.g., recording intervals of 0.2
to 2 rain for auger position, off-gas air flow rate and VOC content, soil vapor pressure and
temperature). In addition, nearly 500 soil and gas samples were collected before, during, and after
soil treatment, for analyses of physical, chemical, and biological parameters. Soil matrix, soil
vapor, and off-gas VOC measurements were made by multiple methods.

The X-231B project has been a multidisciplinary and multi-institutional, fast-track, applied
research and demonstration effort. Directed by ORNL, the project has benefited from the
significant contributions of research staff from six divisions at ORNL, technical and management
staff at Portsmouth and Energy Systems, and principal collaborators from two universities (The
University of Tennessee and Michigan Technological University) and several private industries
(e.g., Chemical Waste Management, Millgard Environmental, Envirosurv, and NovaTerra).
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Results of the project have been very insightful regarding in situ environmental restoration of
contaminated clay soils. For example, the use of a hydraulic probe for soil sampling with on-site
VOC analyses, followed by three dimensional visualization, provided enhanced information
compared with conventional sampling, off-site analyses, and routine data treatment. In situ
treatment of VOCs in clay soils was effectively (e.g., >85% reduction) and rapidly accomplished
(e.g., > 15 yd3/h), and the fate of VOCs and radioactive substances was controlled. Moreover, in
situ treatment costs were acceptably low. Operation and performance did vary for the different
processes evaluated, and there were advantages and disadvantages associated with each. Ancillary
study results indicated interesting changes in soil properties following treatment. For example, soil
bacteria levels were increased by several orders of magnitude following ambient air stripping. The
favorable project results are being used to design and implement a cost-effective in situ treatment
process for full-scale closure of the X-231B Unit.

This report describes the methods and results of one part of the X-231B project. Details regarding
other aspects of the work are available in other project publications. Information regarding these
publications may be obtained by contacting Dr. Robert L. Siegrist, Oak Ridge National
Laboratory, P.O. Box 2008, Oak Ridge, TN, 37831-6036; 615-574-7286.
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EXECUTIVE SUMMARY

The X-231B Solid Waste Management Unit, located in the Portsmouth Gaseous Diffusion Plant in
Piketon, Ohio, consists of -0.8 acres of level land used for the disposal of waste oils and
degreasing solvents from 1976 to 1983. Since then, waste disposal operations have ceased and
caps have been installed over the Unit to hydrologically isolate the contaminated soil. However,
site characterization activities conducted after the caps were installed revealed the presence of
several volatile organic compounds (VOCs) in the fine-textured soils underlying the Unit as well as
in groundwater directly beneath and downgradient from the site. As a result of these findings, the
Ohio Environmental Protection Agency (Ohio EPA) required that soil remediation be included in
the closure of the X-231B Unit.

A team of scientists and engineers from Oak Ridge National Laboratory (ORNL) was assembled
to identify technologies for the effective removal of VOCs from fine-textured soils such as those
that underlie the X-231B Unit. A group of technologies were selected and subsequently evaluated
through laboratory-scale treatability studies using X-231B soil, and field-scale process
implementations that were conducted within the X-231B Unit. This document contains
contaminant characterization and distribution modeling that was performed in support of the
technology demonstration.

The primary objective of contaminant characterization at the X-231B Unit was to locate highly
contaminated regions where the field-scale process implementations were to be conducted. To
fulfill this objective, three dimensional models of the VOC distribution were developed from a
spatially extensive baseline VOC data set collected in January 1992. During this sampling event,
soil samples were collected from ~190 locations to depth of 22ft within the Unit and analyzed for
target VOCs using an on-site heated headspace technique. Duplicate samples were collected from
several sampling locations to investigate short-range spatial variability which turned out to be rather
significant. Off-site analyses following EPA Method SW5030/8240 were also performed on
samples taken from 20% of the sampling locations. Comparisons between on-site and off-site
analyses of corresponding samples (i.e., samples located within 1-ft of each other) showed
predominantly higher VOC levels measured by the on-site heated headspace technique.

Spatial models were developed from the VOC data set using three different interpolation
techniques: (1) a three dimensional interpolator which was an extension of a minimum tension,
two-dimensional contouring method, (2) a smoothing routine that compromises between
minimizing curvature and residual sum of squares, and (3) a version of kriging. Visualizations of
the spatial models from the three methods were very similar, and all indicated a highly
contaminated region close to the eastern edge of the north plot where all technology demonstrations
were subsequently conducted.

The predictive capability of the various spatial modeling methods were evaluated through cross-
validation exercises in which a subset of the January data set was used to predict VOC
measurements at excluded sampling points (i.e., either excluded all sample depths within a few
borings or excluded a few sample depths within all borings). There were no remarkable
differences among predictions from the three different methods and all three methods gave similar
trends in differences between predicted and measured values. The cross-validation exercise in
which V OC measurements at given depths were eliminated resulted in smaller prediction errors
when compared to that in which samples from entire borings were eliminated. This indicates that
to define the contaminator distribution within the X-231B Unit, more information is gained by
collecting samples from a greater number of borings (i.e., greater horizontal sampling density) than
collecting samples from more depth intervals (i.e., greater vertical sampling density). This
observation is important in designing sampling activities at X-231B and similar sites.
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The three spatial modeling methods were also evaluated by comparing model predictions with VOC
measurements made four months after the baseline samples were collected (April/May 1992).
Large prediction errors, which were sometimes as high as two orders of magnitude, highlight the
inherent difficulty of characterizing an in-place soil volume on the basis of a limited number of
discrete soil samples. Although all three methods gave similar trends in ratios between predicted
and measured values, the three dimensional kriging method was judged to be most suitable for use
with spatially distributed VOC data sets since that method alone incorporates uncertainty due to
spatial heterogeneity. Confidence intervals for predicted VOC levels at unsampled points are easily
obtained when using the kriging method but are not defined under the other spatial modeling
techniques.

A simulation technique coupled with three-dimensional kriging was used to estimate the mass of
total VOCs in the north plot of the X-231B Unit to a depth of 22 ft. Mass estimates could also
have been calculated from the contaminant distribution models developed from the other spatial
modeling methods evJuated in this study. However, as mentioned previously, interval estimates
given by the kriging method better reflect the uncertainty in the spatial modeling process when
dealing with heterogeneous contaminant distributions. Simulations using the kriging model
resulted in a best total VOC mass estimate in the north plot of 335 kg, with a 90% confidence
interval of 229 to 488 kg, and a mass estimate in the south plot of 29 kg, with a 90% confidence
interval of 16 and 76 kg.
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1. INTRODUCTION

l.l BACKGROUND

The X-231B Solid Waste Management Unit is located in the Portsmouth Gaseous Diffusion Plant
(PORTS), a U.S. Department of Energy (DOE) production facility in Piketon, Ohio. The X-231B
Unit consists of two plots (see Figs. 1.1 and 1.2), which together encompass ,-0.8 acres. It was
reportedly used for the treatment and disposal of waste oils and degreasing solvents from 1976 to
1983. From 1989 to 1990, efforts were made to close the X-231B Unit in compliance with
Resource Conservation and Recovery Act (RCRA) requirements. In 1987, geomembrane caps
were placed over both plots to hydrologically isolate the contaminated soil. Site characterization
activities conducted within the Unit after the caps were installed revealed the presence of several
volatile organic compounds (VOCs) [e.g., trichloroethylene (TCE) and 1,1,1-trichloroethane
(TCA)] in fine-textured soils from the ground surface to a depth of~25 ft [1,2]. Furthermore, TCE
at levels higher than the Federal drinking water standard (> 5 ppb) were measured in the shallow
groundwater directly beneath and 750 ft downgradient from the unit.

Concerned over the continuous release of contaminant VOCs into the ground water, the Ohio
Environmental Protection Agency (Ohio EPA) required that soil remediation be included in the
closure of the X-231B Unit. A team of scientists and engineers from Oak Ridge National
Laboratory (ORNL) was assembled by Martin Marietta Energy Systems, Inc. (MMES), the
PORTS management contractor, to identify technologies for the effective removal of VOCs from
fine-textured soils such as those that underlie the X-231B Unit (see Table 1.1 for characteristics).
The ORNL project team selected the following in situ technologies for potential application at the
X-231B unit: (1) vapor stripping, (2) solidification/stabilization, and (3) peroxidation. All three
technologies were to be coupled with soil mixing in order to overcome problems associated with
delivering treatment fluids to low-permeability soils (i.e., air for vapor stripping, grout for
solidification/stabilization, and hydrogen peroxide for peroxidation). These technologies were
evaluated through laboratory-scale treatability studies using X-231B soil, and field-scale process
implementations that were conducted within the X-231B Unit. This document contains details of
contaminant characterization and distribution modeling that were performed in support of the
technology demonstration. Otheraspects of the overall X-231B technology demonstration project
can be found in other project publications [3-7].

1.2 OBJECTIVES AND SCOPE

The primary objective of contaminant characterization at the X-231B Unit was to locate highly
contaminated regions where the field-scale process implementations were to be conducted. To
fulfill this objective, a baseline sampling event was conducted in January 1992 in which soil
samples were collected from -190 locations within the Unit and analyzed for target VOCs. Aside
from VOC samples, soil cores for laboratory treatability studies were also obtained during this
sampling event. Additional sampling and analysis activities were completed during the field-scale
testing in April-June 1992 [7]. This report focuses on the results of the January 1992 baseline
sampling event, but also includes a summary of previous site characterization activities conducted
at X-23 lB.

This document begins with a summary of the subsurface physical and contaminant characteristics
obtained from investigative studies conducted at the X-231B Unit prior to January 1992 (Sect. 2).
This is then followed by a description of the sample collection and analysis methods used during
the baseline sampling conducted in January 1992 (Sect. 3). The results of this sampling event
were used to develop spatial models for VOC contaminant distribution within the X-231B Unit.



Visualizations of these spatial models as well as VOC mass estimates calculated from these models
are given in Sect. 4. Conclusions regarding the characterization data and the various approaches
used to model the VOC distribution are given in Sect. 5.

Table 1.1. Characteristics of subsurface soil at X-231B as measured in samples collected by
ORNL in December 1990 [3]. Range of values taken from several samples.

Nominal depth

Characteristic Shallow (7 ft) Deep (15 ft)
Grain size distribution

Clay: <0.002 mm (wt %) 22.5 - 25.0 12- 15

Silt: 0.002-0.05 mm (wt %) 65.5 - 67.0 39 - 64

Sand: 0.05-2.0 mm (wt %) 8 - 12 22- 46

USDA Texture Sandy clay loam Silt loam

Water content (wt%) 13.4 - 19.0 18.8 - 19.0

Total organic carbon (mffkg) 579-1190 184--472
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2. PHYSICAL SETTING AND REPORTED CONTAMINATION

Conditions at andaround the X-231B unit have been characterized as part of several investigations
over the past 8 years (Table 2.1). A synopsis of the existing conditions at the site is provided
below; further details may be found in other published reports[8-16].

2.1 SITE PHYSICAL CHARACTERISTICS

2.1.1 Setting

The X-231B unit at PORTS consists of two separateplots (see Fig. 1.1). The larger, northern plot
is -265 ft long by 110 ft wide. The smaller, southern plot is 100 ft long by 70 ft wide. The
overall site and the immediate vicinity are level. Underground and overhead utility lines around
and within X-231B (see Fig. 1.2) include storm and sanitary sewers, water supply lines, cooling
tower supply and return lines, air and steam lines, and electrical lines. The existence of these
underground structures may hinder some forms of in situ remediation such as soil mixing.
However, it is possible that these utilities will be relocated prior to full-scale soil remediation
activities at the site.

2.1.2 Soil and Unconsolidated Units

Five geologic units exist in the shallow subsurface beneath the PORTS plant site, including X-
23 lB. These units consist of the unconsolidated Quaternary age Minford and Gallia members of
the Teays formation, followed in descending order by three formations: Sunbury Shale, Berea
Sandstone, and Bedford Shale (Fig. 2.1), all of Mississippian age.

The Minford Unit is divided into an upper clay and a lower silty zone. The Minford upper zone
ranges in thickness from 12 to 20 ft in the X-231B area and generally consists of a stiff, silty clay
(SC on Unified Soil Classification System) which is predominantly yellow to yellow-brown
(10YR5/6, 10YR6/4 using the Munsell Soil Color chart) to olive-brown in some areas [8l. The
Minford lower silt layer is 8.5 to 18 ft thick (also based on logs from MW-1 through MW-6),
classified as SM (inorganic, micaceous, and elastic), and commonly brown to yellow-brown
(10YR5/8 to 10YR6/8). The silt contains occasional light brown-gray silt zones in desiccation
cracks; occasional very fine, unconsolidated sand; scattered very poorly graded, clear, quartz sand
particularly within the lower end of the unit; black iron oxide staining; and scattered rnicaceous
intervals also within the lower end of the unit.

The Gallia Unit, which lies beneath the Minford, is composed of reddish-brown silty, clayey sand
and gravel. This unit which has a thickness ranging from 1.8 to 4.4 ft within the X-231B area, is
generally loosely consolidated but can be semiplastic, depending on clay content [12]. The Gallia
Unit is not continuous beneath the PORTS plant site. This discontinuity may be the result of
deposition by a river system that did not cover the entire plant site. Alternatively, the river may
also have changed course and removed the previously deposited material. Particle size
distributions for the Minford clay, Minford silt and Gallia sand layers are presented in Table 2.2.



Table 2.1 Summary of soil sampling and analysis studies conducted at the X-231B site prior to
the Technology Demonstration.

Sampling party Time of Description of activity and results Reference
study

CTL Engineering, September Drilled monitoring wells (-30 ft deep) MW- 8
Inc. 1985 1 through 6 (Fig. 2.1). Initial discovery of

VOCs in groundwater.

Goodyear Atomic February Twelve, shallow (3 ft), hand-augured soil 9
1986 borings and additional groundwater

sampling from MW-1 through 6 (Fig. 2.1).
Confirmed presence of VOCs in soil and
groundwater.

Geraghty and Miller March 1986 Fourteen, 10 ft deep hand-auger soil 9
borings. Max. TCE in soil was 12,000
ug/kg but most were less than 10 ug/kg
(detection limit).

IEP, Inc. 1986 Ten, 10-ft deep boreholes. 5 samples (4 at 2
3.5 ft., 1 at 7 ft) were analyzed for RCRA
Appendix VIII contaminants. TCE and TCA
present at highest levels (8,900 and 7,200
ug/kg, respectively).

Advanced Sciences, June, 1987 Sixteen, drilled borings to 30 ft depth with 11
Inc. analysis for or VOCs, metals, herbicides,

and PCBs. General contamination by VOCs
with TCE and TCA predominating.

Oak Ridge National December, Three 24 ft-soil borings. Max. TCE was 3
Laboratory 1990 7,700 ug/kg.



Table 2.2. Particle size distributions reportedfor the unconsolidated deposits at Portsmouth [8].
iiiii i

Particle Diameter Minford Clay Minford Silt Gallia Sand
(mm) (wt%) (wt%) (wt%)

i i III i iii i iii

Aggregate > 2.000 0- 1% 0- 1% 20- 36%
Coarse sand 0.500 - 2.000 0 - 1% 0 - 2% 0 - 7%

Medium sand 0.250 - 0.500 1 - 6% 0 - 3% 7 - 20%

Fine sand 0.050 - 0.250 1 - 6% 2 - 36% 14 - 20%

Silt 0.002 - 0.050 34- 54% 33 - 66% 13 - 33%

Clay <0.002 32 - 64% 17 - 45% 11 - 22% .....

2.1.3 Bedrock Units

The existence of the Sunbury Shale, Berea Sandstone, and Bedford Shale formations beneath X-
231B has been inferred from logs taken from soil borings drilled in the surrounding areas. The
Sunbury unit is a black, very carbonaceous, fissile shale that is highly fractured in outcrops. It
was found to be coherent, semiplastic and clayey in some cores obtained during the Groundwater
Quality Assessment drilling program [13]. The Sunbury ranges in thickness from 0 to 20 ft and
averages about 10 ft thick beneath most of the plant [14].

The Berea unit is a light-gray, hard, thickly-bedded, fine-grained sandstone with scattered thin
shale laminations. The average thickness is 30 ft; however, the lower 10 ft has numerous shale
laminations and is very similar to the underlying Bedford Shale. This gradational contact does not
allow for a concise determination of the thickness of the Berea [14].

The Bedford Shale, which has an average thickness of 100 ft, is composed of thinly bedded shale
with interbeds and laminations of hard, gray, fine-grained sandstone and siltstone. One-third to
one-half of the formation is sandstone [14].

The Mississippian bedrock sequence (i.e., Sunbury Shale, Berea Sandstone, and Bedford Shale)
has a regional dip of about 30 ft per mile to the east. The bedrock surface at X-231B is generally
fiat, with a slight to moderate slope to the southeast. The Sunbury Shale, which is the shallowest
bedrock unit, is slightly fractured and is 10 to 12 ft thick. Directly under the Sunbury is the Berea,
a hard, thick-bedded, fine-grained sandstone averaging 30 ft in thickness. The upper surface of
the Berea dips gently to the southeast.
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Fig. 2.1. Stratigraphic cross-section of the X-231B site. (Source: Geraghty & Miller, 1989 [13])



2.1.4 Hydrogeology

Groundwater underneath the X-231B unit occurs in two aquifer systems: the Minford/Gallia
members and the Berea sandstone (see Fig. 2.1). The depth to the water table underneath the site
is ~10 to 14 ft. The hydraulic conductivity values of all geologic units axe relatively low (Table
2.3) [91. Laboratory measurements revealed a saturated hydraulic conductivity (Ksat) in the range
of 8.1 × 10.8 cm/sec (0.00023 ft/d) for the Minford clay and 1.5 × 10.6 cm/sec (0.0043 ft/d) for the
Minford silt. Field pumping tests yielded a substantially higher mean Ksatfor the Galha deposit of
2.5 x 10"3cm/sec (7.1 ft/d). The lower portion of the Minford is reportedly in hydraulic continuity
with the Gallia [13]. The permeability of the Sunbury Shale is believed to be very low. Although
thin and slightly fractured, the Sunbury when present appears to hydraulically isolate the
underlying Berea from the overlying unconsolidated aquifer (i.e., Minford/Gallia).

Thirty-six groundwater monitoring wells have been installed in the vicinity of the X-231B unit
over the past few years. Twenty-five wells have been installed and screened within the Oallia
deposit, but only :hree wells have been screened in the overlying Minford. Eight wells penetrate
into the underlying bedrock (i.e., Sunbury or Berea). Based on observations within these wells,
groundwater movement in the area surrounding X-231B is predominantly vertical in the Minford
unit and horizontal in the Gallia. Horizontal hydraulic gradients in all three units at X-231B (i.e.,
Minford, Gallia, and Berea) indicate a southeasterly flow. The hydraulic gradients axe low,
however. Vertical gradients between the Gallia and Minford indicate potential for upward flow in
the vicinity of the X-231B site [141.The interaction between the flow systems in the Gallia Unit
and the Berea Sandstone is controlled by the thickness of the Sunbury Shale that exists between the
two aquifers. Vertical gradients between the Gallia and Berea indicate downward flow in the
vicinity of the X-231B site [141.

Table 2.3 Hydraulic conductivities of geologic units at Portsmouth [141.

Subsurface unit Hydraulic conductivity
(cm/scc)

ii• |111111 ii ii i

Minford Clay 8.1 x 10-8

Minford Silt 1.5 × 10-6

Gallia 1.2 x 10"3

Sunbury not measured

Berea 5.6 x 10"5

Bedford 2.1 x 10"5

t 9



2.2 SITE CONTAMINATION CHARACTERISTICS

2.2.1 Soil Contamination

Several field investigations have been conducted within and around the X-231B Unit during the
past 5 years (See Table 2.1). An early study was conducted by Goodyear Atomic Corporation in
January 1986 [2l. This study was limited to hand auger borings to ~3-ft depth at 12 locations
within the X-231B unit boundaries (see Fig. 2.2). High levels of VOCs were detected in the
samples. Polychlorinated biphenyls (PCBs) were also detected, but only in 6 of 12 borings and at
concentrations of only 1 to 7 mg/kg (ppm).

A subsequent investigation was conducted by Geraghty & Miller, Inc., in April 1986 [9]. This
study consisted of hand auger borings in 14 locations within the unit (see Fig. 2.3). Soil samples
were collected at depth zones of 0 to 2, 4 to 6, and 8 to 10 ft. This study found a maximum VOC
concentration of 12,000 lag/kg (ppb) in the 0 to 2 ft depth zone and a general trend of declining
VOC concentrations with depth. TCE and TCA were the primary contaminants.

Another study was conducted by IEP, Inc. in 1986 [2]. Soil samples collected from ten, 10-ft deep
boreholes were analyzed for RCRA Appendix VIII contmninants. Five samples were selected for
this analysis based on those with the highest field readings for VOCs. Four of the five samples
were from 3.5 ft deep, and one was from 7.0 ft. Of the seven VOCs analyzed as part of the RCRA
Appendix VIII list, TCA and TCE were present at the highest concentrations (8900 and 7200
lag/kg, respectively). However, the concentrations varied widely among borings. Other VOCs
de:ected included, methylene chloride, 1,1-dichloroethene, tetrachloroethene, chloroform, and
freon. Analyses for pesticides and heavy metals revealed nondetectable or very low
concentrations. Total alpha and total beta radiation was below 100 cpm, except in two samples
which measured ~ 100 to 200 cpm (-2200 cpm = 1 nCi).

A more extensive study was conducted by Advanced Sciences, Inc. (ASI) from June 1987 through
January 1988 [11]. This study consisted of 16 test borings drilled to the Sunbury Shale at a depth
of 30 ft. Soil samples were collected at selected intervals and analyzed for VOCs, metals,
herbicides and PCBs, and radioactivity (Table 2.4). The results of this study showed general
contamination of the soil by VOCs, with TCE and TCA being the primary contaminants. Soil
concentrations ranged from nondetectable to 17,000 lag/kg for TCA and nondetectable to 13,000
lag/kg for TCE. Acetone and Freon-113 were also prevalent at appreciable concentrations. The
highest VOC concentrations were typically found at or just above the groundwater table (see Fig.
2.4). Metal contamination was generally low and within probable background or normal soil
levels. No pesticides, herbicides or PCBs were detected in this study. Total alpha activities were
generally low. Only 12 of 69 samples exhibited alpha levels above the detection limit of 10
nCi/kg. This contamination was largely confined to the top 12 ft of soil. This compared with a
reported background level of 3 to 6 nCi/kg. Total beta activities were measured in all boreholes,
but levels were normally below 30 nCi/kg. Total uranium concentrations averaged 3 mg/kg.

2.2.2 Groundwater Contamination

Samples collected by IEP, Inc. from three groundwater monitoring wells located near X-231B
were analyzed for RCRA Appendix IX contaminants [21. Wells MW-1, MW-5, and MW-6 were
selected for this sampling based on previous work which showed them to be within the area of
highest contaminant concentrations around X-231B. These analyses revealed that all three wells
were contaminated with TCE (308 to 696 lag/L), TCA (62 to 3910 lag/L), and 1,1-dichloroethene
(DCE) (67 to 924 lag/L) at levels well above federal drinking water standards (see Table 2.5).
Lower levels of seven other organics were found in some of the wells. Metals were detected, but

10



concentrations were within drinking water standards, except for of iron, which was present at high
concentrations.

Additional analyses of groundwater samples from monitoring wells into the Gallia deposit around
X-231B identified 12 VOCs above detection limits. Six VOCs were widespread: TCE, TCA,
1,1-dichloroethane (DCA), chloroform, 1,1-DCE, and 1,2-dichloroethene (1,2-DCE). VOC
concentrations were generally in the 100-to 1000-pg/L range. A site map depicting the extent of
the groundwater plume, as illustrated by an isoconcentration contour map for TCE in the Gallia, is
presented in Fig. 2.5. This indicates the plume has spread -750 ft southeast of the southeast edge
of X-231B.
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Table 2.4. Summary of soil contamination levels with depth below X-231B.
(Source: Advanced Sciences, Inc., 1988 [11])

Depth below 8round surface (ft)
..Constituent. 0-2 8.-10 12-14 16-18 20-22 24-26

Volatile Organics, #g/kg

1,l-Dichloroethane [50] a nd b rd rd nd-150 nd-120 nd-240

1,2-Dichloroethane [50] nd rd rd rd nd nd

1,2-Trans-dichloroethene [50] nd nd nd rd nd nd

1,l-Dichloroethene [50] nd nd.,83 nd-1800 rid-410 nd-5500 nd-230

Methylene chloride [50] nd-160 rd nd-500 nd-55 nd-160 nd

1,1,1-Trichloroethane [50] nd-200 nd- 10000 nd-4100 nd-5000 nd-17000 nd-810

I, 1,2-Trichloroethm_e [50] nd- nd nd-130 nd-140 nd-140 nd

Trichloreethene [50] nd-120 nd-7300 nd-5300 nd-4800 nd-13000 nd-4500

Acetone [50] - nd-23000 nd-6200 nd-3800 nd-12000 nd-1000 nd-2900

Trichlorofluoromethane [50] nd nd rd nd nd nd

Freon 113 [50] nd-2200 nd-11000 nd-7000 rid-5900 nd-4900 nd-2600

Chloroform [50] nd rd nd-580 nd-57 nd-240 nd-110
Metals, Herbicides, and
PCBs, mg/kg

Arsenic [10] nd nd c nd c nd

Barium 38-86 24-51 c 19-44 c 17-24

Cadmium [01] nd nd c nd c nd

Chromium 14-31 9-20 c 7-14 c 9-18

Lead 20-28 16-23 c 10-18 c 13-20

Mercury [0.02] nd-0.84 nd-0.04 c nd c nd

Nickel 8-18 7-20 c 9-15 c 13-21

Beryllium [01 ] nd nd _ nd c nd

2,4-D nd nd ¢ nd c nd

2,4,5-TP (Silvex) nd nd c nd c nd

• Polychorinated biphen_,ls rd nd c rd cnd

Radioactivity

Total Alpha, nCi/kg [10] nd-150 nd nd nd nd nd

Total Beta, nCi/kg [10] nd-200 nd-22 nd-31 nd-33 nd-34 nd-34

Total Uranium, mg/kg 2-150 2-8 1-3 2-3 2-3 2-3

Technetium, nCi/kl_ [2] nd-380 iii ii ii

i1 The number in brackets is the method detection limit. Pairs of numbers denote a range of values.

b "rid" indicates constituent not detected at detection limit shown.

c indicates analyses not performed.
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Table 2.5. Summary of groundwater contaminant concentrations at X-231B.
(Source: Morrison Knudsen, 1990 [2])

Concentrationsh

Constituenta Units Avera[ec Min. Max. Comments

Trichloroethene lag/L 464.0 180 1400 Detectedin everywell
151d

l,l-Dichloroethane lag/l., 9.4 5 27 Detected only in wells MWI,
I-} MWS, MW6 and MWI0

l,l-Dichloroethene lag/L 88.3 5 320 Not detected in wells MW2
{71 MW4 and MW17

1,2-Dichloroethene lag/I., 9.6 5 26 Detected only in wells MW5,
170, 1001 MW6, MW10 and MW17

l,l,l-Trichloroethane lag/L 188.0 5 790 Not detected in wells MW2
{2001 MW4 and MWl7

Chloroform lag/L 17.6 5 110 Detectedonly in wells MW1

Aluminum mg/L 4.1 1.4 8,7 Not detected in well MW6 g
I-1

Iron mg/L 10.9 3.3 23.6 e
13001

Manganese mg/L 0.37 0.27 0.44 g
15ol ......

Alpha pCi/L 35.2 30 76 Detected only in wells MWI
{15} andMW4 (Qualitativedata)

Beta pCi/L 64.2 60 80 Detectedonly in wefts MW4
{4 mrem/yr} andMW6 (Quantitativedata)

Uranium Hg/L 12.9 1 39 Not detected in wells MW6
1-1 andMWl7

Technetium, beta pCi/L 41.1 25 88 Detected only in wells MW 1,
[4 mrem/yr} MW2, MW4 and MW6

_1 The only constituents shown are those which were detected in more than one well.

b The analysesprovided in this table were performedin November-December 1988.

c The average concentrations were computed using the individual concentrations measured at all wells divided by
the number of wells. For sampleswith no detects, the method detection limit was used in the computation and
is shown as the minimum concentration.

d The numbers in brackets are equal to Federal Maximum Contaminant Limits or Goals for drinking water.

e The concentrations of aluminum, iron and, manganese were measured in wells MW 1, MW5 and MW6 in April
1989.
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Fig. 2.5. Map of X-231B indicating extent of groundwater contamination by TCE in the Gallia
deposit under and around X-231B. (Source: Geraghty & Miller, Inc., 1989 [13])
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3. BASELINE SAMPLING AND CONTAMINANT

CHARACTERIZATION

3.1 INTRODUCTION

During the sampling event conducted at the X-231B site in January 1992, soil samples were
collected from -190 locations within the X-231B Unit. The primary purpose of this sampling
event was to obtain sufficient data for spatially modeling the distribution of VOCs within the X-
231B Unit. Other objectives were (1) to collect soil cores for the laboratorytreatability studies, (2)
to investigate short-range spatial variability in the VOC distribution, and (3) to compare
measurements made using the on-site heated headspace technique and the EPA method
SW5030/8240 conducted at an off-site laboratory. This section focuses on the field methods
used in collecting soil samples for VOC analysis and cores for the treatability studies. Statistical
analysis of the VOC data are presented in this section, as well as the results of the spatial variability
study and the comparison between on-site and off-site VOC analysis methods.

3.2 METHODS

3.2.1 Mapping of Utilities and Borings

Before drilling, a complete utilities survey was conducted on the X-231B site. This survey was
done by ORNL staff using a hand-held utility locator to confirm previously mapped utilities in the
area and to physically identify and mark the utility locations on the ground surface before invasive
sampling began.

3.2.2 Soil Probe and Boring Installation and Sampling

Collection of baseline soil samples from 24 locations was accomplished using a truck-mounted
hydraulic probe system (Geoprobe®) [16]. The probe sampling system is designed for interval
sampling from ground surface to a maximum depth of approximately 40 ft. In order to obtain a
baseline subsurface sample, the sampler is connected to the drive rod assembly, and activated at
each desired sample depth. The sampler is 1 ft long by 1 in. OD (ID is 0.5 in.) and is able to
obtain a relatively undisturbed 100 g soil sample inside the sample collection tube (see Fig. 3.1).
After withdrawal from the subsurface, the soil sample is extracted from the sampler tube and
placed into appropriate sample containers, labeled, and packaged with completed documentation
for both on-site and off-site laboratory analysis. The sample was visually inspected, and the
lithology and physical characteristics were logged. After the soil sample was removed, the sample
tube was decontaminated before being reattached to the drive-rod assembly. To expedite sampling,
at least two soil tube samplers were used alternately.

The 24 Geoprobe® sampling locations are shown in Fig. 3.2 and are designated by GPn where n
is the probe number. Soil samples were collected at 3 ft intervals to a depth of approximately 22 ft
(e.g., 0-1, 3-4, 6-7, 9-10, 12-13, 15-16, 18-19, and 21-22 ft bgs) at each of 24 soil probe
locations in order to characterize both the vertical and horizontal extent of VOCs in the X-231B
Unit. Given that the thickness of the Minford layer is -25 ft beneath X-231B (see Sect. 2), all of
the baseline samples were collected within either the Minford silt or clay zone. Sample collection
(and on-site analysis) was conducted by Envirosurv, Inc. (Arlington, VA) working collaboratively
with ORNL [16].
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Core samples were collected from seven borings using two sizes of split samples. Four small
diameter soil borings were drilled using ?-5/8-in.-OD hollow stem augers. A number of small soil
cores were obtained using a 3-in. OD by 2-ft long split spoon, containing four 6-in.-long by 2.5-
in.-OD stainless steel sleeves. Soil samples were collected continuously from each soil boring
from depths of approximately 4 ft to 12 ft. The goal was to collect a minimum of 40 soil samples
in the 2.5-in. sleeves. Three large diameter soil borings were drilled using 11-5/8-in. hollow stem
augers with a center bit. Large cores were collected from these locations using an 8-in.-ID by 2-ft-
long split spoon containing one 8-in.-OD by 24-in. long stainless steel sleeve. Samples were
collected from depths of approximately 4 to 6 ft, 6 to 8 ft, 8 to 10 ft, and 10 to 12 ft in each boring.
These borings were drilled to depth with the large augers, the augers were then removed from the
boring, and the sampler was inserted and driven 2 ft into the soil and withdrawn. Locations for
both small and large-diameter borings are shown in Fig. 3.2 and are designated by SBn where n is
the boring number.

A soil boring log was completed for each probe and each boring location by an on-site ORNL
geologist. The soil boring log contained the type of sampling equipment used, the sample depths,
the lithology encountered, andany unusual occurrences duringthe soil boring.

The soil sample tube and all other downhole drilling equipment were decontaminated prior to use
by detergent wash and steam cleaning. All downhole equipment was decontaminated between
boreholes by steam-cleaning.

OI_IL-DWO 93-15549

Fig. 3. l Schematic of Geoprobe® soil sampling probe.
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3.2.3 On.Site VOC Analyses

Upon collection, each soil probe or core was screened for radioactivity using hand-held detectors
(alpha, beta, gamma). All probe samples and some of the soil cores were then subsampled for on-
site VOC analyses as follows. Immediately after collection, ~100 g of intact soil was extruded
from the sampler into a zip-closure polyethylene bag from which a small aliquot of soil (10 to 20 g)
was placed into a Teflon-sealed, 40-mL glass vial. Soil sample weights were measured to the
nearest 0.01 g. Within 24 h of collection, a heated-headspaee technique was used to measure the
VOC content of samples collected from all the baseline sampling locations and the majority of the
core samples [16-17]. In this on-site analysis, the 40-mL VOA vial containing the soil sample is
heated to 60°C in a water bath for >30 min. During this time, the VOCs within the soil are
thermally desorbed, diffused, and volatilized into the headspace of the vial. A sample of the
headspace is withdrawn in a syringe and injected into a laboratory-gradegas chromatograph (GC)
(Shimadzu 14A) equipped a 30 m Restek Rtx-volatiles megabore capillary column with an electron
capture detector (ECD). For this study, the GC was calibrated to quantify seven chlorinated
organics known to be the predominant VOCs present within deposits beneath the X-231B site:
trichloroethene (TCE), 1,1,1,-trichloroethane (TCA), 1,1-dichloroethene (1,1-DCE), 1,1-
dichloroethane (DCA), cis-1,2-dichloroethene (c-1,2-DCE), trans-1,2-dichloroethene (t-1,2-DCE),
and methylene chloride OdC). The concentration measured in the headspace sample was converted
to mass of target compound, which was then expressed as _tgof target VOC per kg of field moist
soil (ppb).

The GC was initially calibrated using four standard concentrations that bracketed the expected
contaminant levels for each target compound to document method linearity. Sample concentrations
that fell outside this bracketed range are diluted and reanalyzed. Initial calibration factors are
determined using the least squares method to calculate a slope formula. The best fit line has to
produce a correlation coefficient of no less than 0.980 to be an acceptable calibration. A continuing
calibration was preformed prior to each day's sampling to verify instrument calibration. The
Relative Percent Difference (RPD) between the initial and continuing calibration standards were
within 30%. Retention times of standards were used to identify chromatogram peaks, and
response factors were used to calculate concentrations for the target compounds of interest. All
standards preparations were documented in the field logbook and are traceable back to the National
Institute of Standards and Technology (NIST).

Method blanks were run at the beginning of each day to check for potential contaminants in the
analytical system. Blanks were taken by withdrawing a headspace sample from a 40-mL vial
containing deionized water. The blank sample was injected into the GC in the same manner as the
headspace samples. Syringe and instrument blanks were also run as needed to document that the
analytical system is free of contamination. As a check on field sampling quality assurance and
quality control (QA/QC), trip blanks, field blanks, and equipment rinsate samples were prepared
and analyzed. In addition to the analysis blanks, field duplicate soil samples were collected. These
consisted of two soil subsamples collected adjacent to each other from the same sample. Field
duplicate samples were collected from approximately 10% of the soil samples and analyzed onsite
for VOCs with a subset submitted to ORNL Analytical Chemistry Division (ACD) for VOC
analysis.

A majority of the soil core samples were also subsampled and analyzed for VOCs on-site. A
micro-coting device was used to obtain a plug (2 to 5 g) of soil from the exposed end of a core.
This plug was extruded into a Teflon-sealed, 40-mL VOA vial and analyzed as described above.
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3.2.4 Soil Core Handling and Disposition

Immediately after core collection, labeling and subsampling, the sleeve containing each core was
sealed with Teflon liners and plastic caps. The time between core removal from the borehole and
sealing was minimized (e.g., <15 min) to prevent loss of VOCs. Each sealed core was placed in
hard plastic or metal coolers containing vermiculite o- similar packing material. Ice substitutes
(e.g. Blue Ice@) were added to maintain temperatures near 4°C. The coolers were labeled, chain
of custody documentation placed inside, and then shipped to the ORNL and to the technology
vendors conducting the treatability studies without being disturbed or transferred to other sample
containers. Based on the field VOC analyses, the small core sleeves were ranked from low to high
VOC concentration and divided sequentially into 10 groups of 4 sleeves each, from low to high
VOC concentrations. Then, each group of 4 sleeves (each sleeve containing a 2.5 in. by 6 in.
core) was randomized and 2 sleeves were assigned to Vendor A, I sleeve to Vendor B and I sleeve
to Vendor C as follows: 20 cores to Vendor A for hot air/steam extraction testing, I0 cores to
Vendor B for solidification testing, and I0 cores to Vendor C for solidification testing. The 12
large cores were labeled and shipped together to ORNL for use in testing vapor stripping and
peroxidation [5-6].

3.2.5 Off.Site Laboratory Analyses

A subset of the baseline soil probe samples were sent to ORNL for laboratory analysis of soil
VOCs. The subset was collected in parallel to samples from each of several borings in the south,
center, and north portion of the X-231B site. These soil samples were collected using the
Geoprobe@ and a micro-coring device. A plug of soil weighing approximately 5 to 10 g was
removed from the Geopmbe® and containerized in Dynatech purge and trap vials (or back-up 40-
mL VOA vials). Soil samples were taken from about 20% of the baseline sampling locations, and
approximately 20% of the small cores (or 8 subsamples from the small sleeves) and all large cores
(or 12 subsamples). These subsamples were individually wrapped in "bubble pack" or foam, or
embedded in vermiculite within hard plastic or metal coolers. Ice substitutes (e.g. Blue Ice@) were
added to maintain temperatures near 4"C. The coolers were labeled, chain of custody
documentation placed inside, and then shipped to ORNL.

The off-site analyses were performed at the ORNL ACD following methods outlined in EPA
method 5030/8240 as prescribed in SW-846 within the required 14-day holding time [18]. Table
3.1 lists the target VOC analytes and their respective detection limits. The ORNL ACD laboratory
ran QA samples (i.e., duplicates, laboratory reruns, spikes and blanks) to monitor performance.
Two matrix spike and matrix spike duplicate (MS/MSD) samples were analyzed to determine if
matrix interferences were present. These samples were prepared in the laboratory from an
additional set (2) of soil samples collected from two of the locations.

In addition to the VOC analyses, samples from both the baseline probes and the soil cores were
collected and containerized in 1-L polyethylene bags. These samples were transported to ORNL
for analysis of water content [19].
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Table 3.1. Summary of VOC target analytes and method detection limits.

................ Detection limit ii i

Volatile Organic Compounda ............ Water_g/l.,) ........ Soil (_g/kg)
Chloromethane 10 10
Bromomethane 10 10

Vinyl chloride 10 10
Chloroethane 10 10
Methylenechloride 5 5

Ac_ jne I00 I00
Carbon disulfide 5 5
1.l-Dichloroethene 5 5

1.l-Dichloroethane 5 5

1.2-Dichlorothene_total_ 5 5
Chloroform 5 5

1,2-Dichloroethane 5 5
2-Butanone 100 100

l.l,l-Tricbloroethane 5 5
Carbontetrachloride 5 5

Vinylacetate 10 50
Bromodichloromethane 5 5

1,2-Dichloropropane 5 5
cis-1,3-Dichloropropene 5 5
Trichlomethene 5 5

Dibromochloromethane 5 5

I,1,2-Trichloroethane 5 5
Benzene 5 5

trans-l,3-Dichloropropene 5 5
2-Chloroethylvinylether I0 I0
Bromoform 5 5

4-Methyl-2-pentanone 50 50
2-Hexanone 50 50
Chlorodibromoethane 5 5
I,1,2,2-Trichloroethane 5 5
Toluene 5 5
Chlorobenzene 5 5

Ethylbenzene 5 5
Styrene 5 5
Total xylenes 5 5

ii

a The target compoundsfor on-site analysesareunderlined.The detectionlimits for the field analyses are 10 ug/L
or 10 ug/kg, for waterandsoil, respectively.
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3.3 RESULTS AND DISCUSSION

3.3.1 Subsurface Lithology

A compilation of stratigraphic cross sections interpreted from the boring logs for each of the
baseline probe locations (see Fig. 3.2) is shown in Fig. 3.3. The boring logs themselves and
several additional stratigraphiccross sections are presented in Appendix A. Subsurface conditions
observed from ground surface to 22 ft depth were generally consistent with those reported
previously. The shallow unconsolidated deposit beneath the X-231B site consists of a 5- to 10-ft
layer of brownish yellow (10YR6/6) silty clay with a trace of very fine sand. This is underlain by
an 8- to 10-ft layer of yellowish brown (10YR5/8) clay. Mo-!*o ,_,;'t,;n the clay layer indicate
seasonal saturation. Beneath the clay layer is a 0- to 8 ft lay ,ellow (10YR6/8) silt.

3.3.2 Target Compound Concentrations

Concentrations of TCE, 1,1,1-TCA, MC, 1,1-DCE, cis-l,2-DCE, trans-l,2-DCE, and 1,2-DCA
were measured in soil samples collected from 8 depths in each of 24 locations using a Geoprobe®
(see Appendix B for complete data set). Concentrations of TCE, MC, and 1,1-DCE predominated,
representing -90% of the total VOCs measured (Table 3.2). The average concentration of
individual VOCs ranged from 25 to -2400 _tg/kg (ppb). For each VOC, there were wide
fluctuations in the measured concentrations, with the range spanning four to five orders of
magnitude. The wide ranges and high relative error (typically 200 to 400%) were exhibited by all
of the target compounds.

When compared with the summation of the average concentrations of each of the target
compounds, TCE and MC represented approximately 38 and 42% of the total, respectively (Table
3.2). There was also a strong linear relationship between these two principal compounds and the
summation, with Pearson correlation coefficients r equal to 0.91 for TCE vs summation, 0.95 for
MC vs summation, ,nd 0.77 for TCE vs MC, respectively. This strong correlation suggested that
a summation of the target compounds could be used for analysis of VOC characteristics and spatial
modeling.

Samples from two borings were also analyzed for gross alpha, gross beta, and total uranium.
Radiological measurements yielded concentrations similar to background levels for the Portsmouth
site (Appendix C, Table C.3).

3.3.3 Summary Statistics for Total VOC Levels

Since the northern plot of the X-231B Unit represented over 80% of the surface area of the
complete Unit, VOC analyses, interpretation, and modeling efforts were concentrated on that plot.
Within the northern plot, 164 soil samples were collected from up to 8 depths in each of 21
locations using a Geoprobe® (see Fig. 3.2 for probe locations). In addition, there were 12
duplicates (i.e., two adjacent subsamples from the same Geoprobe® 1-ft sample interval). For the
analysis and modeling efforts, the VOC data set was reduced by summing the concentrations of the
seven target VOCs measured in each sample. This was judged appropriate since it would simplify
and expedite analysis and modeling efforts required for the X-231B Technology Demonstration.
Furthermore, the performance goal for remediation of the X-231B Unit was based on total VOC
concentration. There was also a strong linear correlation among the predominant VOCs. For these
reasons, analyses, interpretation and modeling of this VOC data set were limited to the sum of the
concentrations of target compounds: TCE, MC, I,I-DCE, 1,1,1-TCA, cis- and trans-l,2-DCE,
and 1,2-DCA. In the following discussions, this suin will be referred to as "total VOCs".
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Table 3.2 Summary of target compound concentrations determined in Geoprobe® soil samples
collected and analyzed on-site in January 1992 a

i,i 1 i i ii --

Statistic TCE I,I,I-TCA MC 1,1-DCE 1,2-DCEh I,I.DCA Summation
i i ii i iiiiiii i iiiii ,i

Count 187 187 187 187 187 187 187

Average 2126 292 2392 535 274 25 5644

Std.dev. 7046 600 9173 1661 1216 37 15727

%Relativeerror 331 206 384 310 443 144 279

Minimun 0 0 2 1 2 1 9

25thquartile 61 21 32 5 14 5 648

Median 380 110 150 25 32 13 1340

75thquartile 1000 325 565 300 109 29 4133

Compoundavg.
cone.% of 37.7 5.2 42.4 9.5 4.9 0.5 100
summation

Correlationof
compoundwith
summationc 0.91 0.59 0.95 0,02 0.15 0.67 1.00

iiii, iiiii

a Resultsof analysesof 187soil samplescollectedfrom8 depthsin eachof 24locationsusinga Geoprobe®and
analyzedon-sitebyheatedheadspaceGCmethods(seeAppendixB). Forthisanalysis,non-detectsweresetequal
to the reporteddetectionlimit. Resultsarereportedonthe basisof fieldmoistsoil weight.

12 Summationof cis- andtrans-1,2-DCEisomers.
Pearsoncorrelationcoefficient,r.
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Table 3.3 Summary statistics for the total VOC concentrations in the north plot of the
X-23 IB Unit a

"Statistic ' - " TotalVOCconcentration.......... -l.og-lransfonned "
(ug/kg) totalVOC concentrationb

................... _log(ug/kg))

Mean 5731 3.15

Std.deviation 16208 0.72

Std.errorof mean 1222 0.054

Minimum 6 0.78

5thpercentile 94 1.97

25thpercentile 538 2.73

50thpercentile 1320 3.12

75thpercentile 3796 3.58

95thpercentile 20101 4.30

Maximum 1544I0 5.19Hill II i

a Resultsofanalysesof164soilsamplescollectedfromupto8depthsineachof21locationswithinthenorth
plotoftheX-23IBUnitusingaGeoprobe@withVOC analysesmadeon-sitebyheatedheadspaceGC methods
(seeAppendixB).Forthisanalysis,nondetectswereexcludedfromthesummationofTCE,MC,TCA,I,I-
DCE,1,2-DCE(sumofcis-andtrans-l,2-DCEisomers),andI,I-DCA.At12samplelocationswhere
duplicateswerecollected,theobservationistheaverageofthetwo.Resultsarereportedonthebasisoffield
moistsoilweight.

b TotalVOC valueswerelog-transformedpriortocalculatingstatistics.

Summary statistics for the total VOC concentrations measured in the north plot are given in Table
3.3. Analysis of the total VOC concentrations revealed that the data set was highly skewed and not
normally distributed. However, the log-transformed (base 10) data set did not differ significantly
from a normal distribution (see Fig. 3.4 and 3.5). As a result, in many of the following data
analyses, log-transformation was employed to normalize the data set.

3.3.4 Short.range Spatial Variability in VOC Concentrations

To quantify short-range variability of VOCs within the deposits beneath the X-231B Unit, VOC
measurements were made on 12 pairs of duplicate soil samples collected from the same l-ft
Geoprobe® sampling interval. The total VOC values for these duplicate measurements are shown
in Table 3.4. The ratio of the largest to the smallest total VOC value in each duplicate pair ranged
from 1.1 to 8.7. The mean of the squared difference between the log VOC values in these pairs
was 0.194. This indicates that the log VOCs within a 1-ft interval have a standard deviation of
0.311. Assuming that 95% of the log VOC values within a given core fall within two standard
deviations of the mean, a variability of more than one order of magnitude within a 1-ft interval is
not unusual. The duplicate measurements given in Table 3.4 were used to estimate parameters in a
kriging-based VOC model that included definition of the short-range variability of the VOC
contaminant distribution (see Sect. 4).
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Fig. 3.4 Distribution of log-transformed total VOC concentrations in the north plot of the
X-231B site.
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Table 3.4 Total VOC concentrations in duplicate soil samples taken from the same 1-ft

Geoprobe® sampling interval a
Probe no. Depth HigherVOC LowerVOC Ratioof higher to lower

(ft) concenlrationin concentrationin concentration
.... duplicatepair_ut/kg) duplicatepair(ug/kg)

GP03 9 - 10 4195 2792 1.50

GP03 12 - 13 3992 571 6.99

GP04 3 - 4 830 700 1.19

GP08 21 - 22 345 181 1.91

GP09 3 - 4 938 531 1.77

GP09 21 - 22 298 174 1.71

GPI4 18- 19 1848 784 2.36

GPI4 21 - 22 6760 5290 1.28

GPI5 12 - 13 14117 4725 2.99

GPI6 3 - 4 1324 152 8.71

GPI6 12- 13 112 50 2.24

GP24 15- 16 520 477 1.09

a Results of analyses of soil samplescollected fromlocationswithin the northplot of the X-231B Unit usinga
Geoprobe® with VOC analyses madeon-site by heatedheadspaceGC methods(see AppendixB). For this
analysis, non-detectswere excludedfrom the summationof TCE, MC, TCA, 1,I-DCE, 1,2-DCE (sum of cis-
and trans-1,2-DCEisomers), and 1,I-DCA. Resultsarereportedon thebasisof fieldmoist soil weight.
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3.3.5 Analytical Variability in VOC Concentrations

Analytical variability in the headspace GC analysis of VOCs is relatively small as determined from
nine pairs of "on-site lab duplicates" (i.e., duplicate headspace samples collected from the same 40-
mL soil sample vial) (Table 3.5). The ratio of the largest to the smallest VOC concentration in each
pair ranged from 1.03 to 1.69. The mean of the squared difference between the log VOC values in
these pairs was 0.0115. This indicates that the analytical variability of log VOC has a standard
deviation of 0.0760, which is low relative to short-range variability (see Sect. 3.3.4).

Table 3.5 Total VOC concentrations in duplicate headspace samples taken from the same

40-mL sample vial. a ....
Probeno. Depth HigherVOC LowerVOC Ratioof highertolower

(ft) concentrationin concentrationin concentration
duplicatepair(ug/kg) duplicatepair(ug/kg) .........

GPI2 3-4 1977 1977 1.00

GPI5 12-13 14117 14117 1.00

GPI7 12- 13 79 54 1.46

GP19 3 -4 758 613 1.24

GPI9 9- 10 1645 1520 1.08

GPI9 15- 16 1423 1142 1.25

GP19 21 - 22 2780 2598 1.07

GP20 12- 13 94 81 1.16

GP20 15-16 452 440 1.03
ii i i i , iu

"a Resultsofanalysesofsoilsamplescoll_tedfromlocationswithinthenorthplotoftheX-23IBUnitusinga
Geoprobe@withVOC analysesmadeon-sitebyheatedheadspaceGC methods(seeAppendixB).Forthis
analysis,nondetectswereexcludedfromthesummationofTCE,MC,TCA,I,I-DCE,1,2-DCE(sumofcis-and
trans-1,2-DCEisomers),andl,I-DCA.Resultsarereportedonthebasisoffieldmoistsoilweight.

3.3.6 Comparison Between On.site and Off.site VOC Analyses

Duplicate soil samples were collected from approximately 20% of the sampling locations and sent
to ORNL where they were analyzed by direct purge-and-trapGC/MS VOC analysis following EPA
method SW5030/8240. The samples sent off-site consisted of a plug of soil taken from either a
Geoprobe® sample or a split-barrel core sample, with a stainless steel, micro-coring device. The
plug (ca. 5 g) was immediately extruded directly into a 40-mL Dynatech purge-and-trap vial
(Dynatech Precision Sampling Corporation). In the laboratory, the Dynatech vial was connected
directly to a Tekmar purge and trap instrument without any additional sample transfer.

The concentrations of TCE and total VOCs as measured on-site vs off-site in corresponding
duplicate samples are listed in Table 3.6. The comparative concentrations of total VOCs are
graphically depicted in Fig. 3.6. There was clearly a large, variable discrepancy between the two
sets of measurements. The median ratio of on-site to off-site measurements of total VOCs was
8.35, which corresponds to an 88% loss. The losses are quite variable: one-fourth of them are
<69%, and one fourth are >95%.
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Table 3.6 Comparison of VOC concentrations measured in an on-site laboratory versus off-site
laboratory, g

TotalVOCs (up./kg} TCE _up._cR)
Ratio Ratio

Dupl. Sample Boring or Depth On-site Off-site on-site/ On-site Off-site on-site/

pair no. probe no. _ft) GC GCflvlS off-site GC GC/MS off-site

1 2065 GP21 12- 13 3133 312 10 670 139 4.8
2 2066 Gl:r21 15- 16 955 40 23.9 260 8 32.5

3 2067 GP21 18- 19 796 36 22.1 210 5 42
4 2068 GP21 21 - 22 540 100 5.4 110 28 3.9

5 2069 GP22 0 - 1 191 33 5.8 11 5 2.2

6 2070 GP22 3-4 244 30 8.1 13 5 2.6

7 2071 G1:r22 6 - 7 408 30 13.6 99 5 19.8

8 2129 GPI7 0- 1 3314 30 110.5 1800 5 360

9 2130 GPI7 3 -4 126 30 4.2 35 5 7

10 2131 GPI7 6- 7 138 30 4.6 76 5 15.2
11 2132 GPI7 9 - 10 85 332 0.3 52 238 0.2

12 2133 GPI7 12- 13 57 30 1.9 21 5 4.2

13 2134 GPI7 15- 16 43 42 1 8.9 15 0.6

14 2135 GPl7 18- 19 180 30 6 13 5 2.6

15 2185 GP24 0 - 1 5849 61 95.9 3000 26 115.4

16 2186 GP24 3 - 4 16181 345 46.9 3500 275 12.7

17 2187 GP24 6 - 7 14360 137 104.8 9600 109 88.1

18 2188 GP24 9- 10 19799 343 57.7 5700 318 17.9

19 2189 GP24 12- 13 1877 80 23.5 1800 55 32.7

20 2190 GP24 15- 16 521 32 16.3 390 7 55.7
21 2191 GP24 18- 19 719 151 4.8 440 123 3.6

22 2192 GP24 21 - 22 1037 64 16.2 800 39 20.5

23 1035 SB06 9.5 43 30 1.4 2.4 5 0.5

24 1049 SB07 9.5 106 50 2.1 30 6 5

25 1051 SB07 10.5 56 30 1.9 17 5 3.4

26 1064 SB08 9.0 85 30 2.8 15 5 3

27 1072 SB09 5.0 2296 742 3.1 590 549 1.1

28 1074 SB09 7.0 I000 38 26.3 420 7 60
29 1075 SB09 9.0 201 277 0.7 130 ll2 1.2

30 1077 SBI0 3.0 4674 546 8.6 3400 85 40

31 1078 SBI0 7.0 5956 372 16 3600 306 11.8

32 1080 SBI0 9.0 384 51 7.5 82 26 3.2

33 1083 SBII 4.5 4824 60 80.4 860 23 37.4

34 1086 SB11 6.5 546 30 18.2 180 5 36

35 1097 SB12 4.0 428 131 3.3 120 48 2.5

36 1101 SBI2 6.5 523 32 16.3 320 5 64

Results of analyses of soil samples collected from locations within the north plot of the X-231B Unit with
VOC analyses made on-site by heated headspace GC methods (see Appendix B) and off-site by direct purge-and-
trap GC/MS methods (see Appendix C). For this analysis, non-detects were set equal to the detection limit and
included in the summation of TCE, MC, TCA, 1, I-DCE, 1,2-DCE (sum of cis- and trans-1,2-DCE isomers),

and 1. I-DCA. Results are reported on the basis of field moist soil weight.
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Fig. 3.6 Comparisonof on-site (field)andoff-site (laboratory)measurementsof total VOCs in
soil samples collected duringJanuary 1992.
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A linear regression analysis was done for the log-transformed (natural log basis) concentrations of
TCE and total VOCs measured on-site vs off-site. For total VOCs, the least squares fit of log(on-
site) to log(off-site) yielded log(on-site VOCs) = 2.409 + 0.943 log(off-site VOCs), with a S.E. of
slope = 0.243 (34 dO and a residual S.D. = 1.48. For TCE only, the least squares fit of log(on-
site) to log (off-site) yielded log(on-site TCE) = 2.750 + 0.0.822 log(off-site TCE), with a std.
error of slope = 0.182 (34 dO and a residual s.d. - 1.70. The analysis indicated that the slopes
were significantly different from 0 but not from 1. Furthermore, the non-zero (positive) intercept
reflects the trendof on-site measurementsbeing generally higher than the off-site measurements. It
is reasonable to conclude thatthe ratio of field to lab concentrations is independent of concentration
level, although subject to considerable randomvariation.

The estimated variance of the difference between log-transformed (base 10 log basis)
concentrations measured on-site versus off-site was 2.13. This is considerably larger than the
variance (0.097) estimated based on on-site analyses of duplicate soil samples and confirms that
the on-site versus off-site discrepancies were not due to short-range spatial variability within
duplicate pairs. The observed differences between on-site and off-site VOC measurements are
speculated to be due to volatilization losses of the target analytes during sample storage and pre-
analytical preparation [20].

3.3.7 Tests for Spatial Dependence

A two-way analysis of variance (depth and boring) was performed to clearly demonstrate that the
VOC concentrations do not simply reflect uncorrelated noise but possess an underlying spatial
structure. The sources of variation included in this study were sample boring location, sample
depth, and interaction between boring location and depth. The results of this analysis are presented
in Table 3.7.

As shown in Table 3.7, the mean square, which is the ratio of the sum of squares to the degrees of
freedom, is a measure of the variability attributed to the corresponding source of variation. The
mean square for the error is the variability between samples taken at the same location and was
calculated from the duplicate measurements (see Table 3.4). The F-value, which is the ratio of the
mean square for a given source to the error mean square, provides a test for the statistical
significance of that source. The higher the F-value, the more statistically significant is the
variability due to that source. The P-value is the probability of observing an F-value as large as the
one given, if the variability of the corresponding source were the same as that due to error. Small
P-values imply that the variability in VOC concentrations due to the corresponding source is
significantly larger than the variability among samples at the same location (i.e., small-scale
variability). Both sample boring location and depth contribute significantly to the variation in the
VOC data set. In addition, there is a significant interaction between sample boring location and
depth as indicated by the relatively small P-value calculated for this source of variation. This
means that the trend due to depth varies from boring to boring (i.e., "low" values do not always
occur at the same depth for different borings).

A visual inspection of boring-averaged VOC concentration plotted against depth (Fig. 3.7 and
Table 3.8) shows a general trend of decreasing VOC levels with increasing depth. However, the
significant interaction in the analysis of variance (Table 3.7) indicates that the effect of depth was
not consistent among borings. The results of the two-way analysis of variance showed that the
VOC data contained a spatial structure, albeit very complex, which can be modeled using the
techniques described in Sect. 4.
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Table 3.7 Analysis of variance table for estimating the contribution of sample boring location
and depth to total VOC concentrationsa

.... Degrees of Sum of ' "
.....Source of variation freedom squares Mean square F-value P-value

Sample boring location 20 30.15 1.51 15.57 9.78 x 10.6

Sample depth 7 11.79 1.68 17.32 2.18 x 10.5

Interaction between boring
location and depth 136 46.45 .34 3.52 0.90 × 10.:2

Error 12 1.16 0.097 - -
i ii i i i i

"0 Analysis of varianceperformedon log-transformeddata set consistingof resultsof analyses'of soil samples
collectedfromlocationswithin the northplotof the X-23IB Unit with VOCanalysesmadeon-siteby heated
headspaceGC methods(seeAppendixB). Forthisanalysis,non-detectsweresetequal to the detectionlimitand
includedin thesummationof "ICE,MC,TCA, 1,I-DCE,1,2-DCE(sumof cis-andtrans-1,2-DCEisomers),and
I,I-DCA. Resultsarereportedon the basisof fieldmoistsoilweight.

Degreesoffreedomdeducedfrom21boringlocationsin the northplotof X-123IB,andB samplingdepthintervals.

Table 3.8 Summary statistics of total VOC and log VOC concentrations grouped by
depth interval a

i i i i i

Total VOC Log Total VOCs
lu_;/kg) (log ug/kg)

Depth Samples Mean Std.dev. Std. error Mean Std. Std. error
(ft) of mean dev. of mean

0- 1 21 9931 15603 3405 3.57 0.69 0.15

3 - 4 24 17812 38126 7782 3.38 0.89 0.18

6- 7 21 5348 7154 1561 3.33 0.67 0.15

8 - 9 20 4294 5666 1267 3.25 0.64 0.14

12- 13 23 2777 3917 817 2.83 0.9 0.19

15 -16 22 1801 4116 878 2.81 0.61 0.13

18- 19 22 1508 1451 309 3.02 0.39 0.08

21 - 22 23 1642 1694 353 2.99 0.50 0.10

a Analysisperformedonresultsof analysesof soil samplescollectedfromlocationswithinthenorthplotof theX-
231B Unit with VOC analyses made on-site by heatedheadspaceGC methods(see AppendixB). For this
analysis,nondetectswere set equal to thedetectionlimitand includedin the summationof TCE,MC,TCA, I,I-
DCE,1,2-DCE(sumof cis-andIrans-l,2-DCEisomers),and I,I-DCA. Resultsarereportedon the basisof field
moist soil weight.
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4. SPATIAL MODELING OF TOTAL VOC DISTRIBUTION

4.1 INTRODUCTION

Mathematicalfunctions thatcan describethe distributionof totalVOCs within the northplot of the
X-231B Unit weredeveloped from theon-site VOC data set given in Sect. 3. Three interpolation
methods,describedin Sect, 4.2, wereused to derive the spatialmodels, and theresulting functions
are visualized and compared in Sect. 4.3. A cross-validationstudy was conducted to evaluate the
interpolation functions (Sect. 4.3.2). In addition, the spatial models were used to predict the
results of a sampling event conducted in Apri_ay 1992, immediately prior to the field-scale
technology demonstrations. Comparisonsbetween the predictionsand the actual VOC values are
given and discussed in Sect. 4.3.3. The spatial models werealso used to estimate the toal mass of
VOCs within the north and south plots of X-231B, which served as a basis for developing
performancegoals forthe fuR-scaleremediationof the site.

4.2 METHODS

Spatial modeling is the process of applyinginterpolation/smoothingmethods to select a three-
dimensional responsefunction,u(x,y,z), that is compatiblewith measurementsmade at discrete
points within the regionof interest. The spatialmodeling conducted in supportof the X-231B
Technology Demonstrationwas aimed at seekinga function u(x,y,z) = log(VOC concentration),
wherex,y,z arespatial coordinates,that best representedthe data set consisting of on-site VOC
measurementsdescribed in Sect. 3. The selected three-dimensionalresponsefunctions, or VOC
spatial models, were then visualized by commercially available three-dimensional computer
software (Dynamic Graphics [21]). This facilitated the identificationof relatively uniform and
highlycontaminatedareaswithinthe northplot of the X-231B site.

Threeinterpolation/smoothingmethodswereused to developthe VOCspatialmodels: (1) a three-
dimensional interpolatorthatis an extensionof a minimumtension, two-dimensional contouring
method,(2) a smoothingroutinethatcompromisesbetweenminimizingcurvatureandresidual sum
of squares, and (3) a versionof kriging. A descriptionof eachmethod follows.

Method I is a commercially available,three-dimensionalinterpolatorthat is an extension of the
"minimum tension" two-dimensional contouring method due to Briggs [22]. This method is
implemented in the Dynamic Graphicssoftware [21]that was used to visualize the VOC spatial
models. The sourcecode is not available, and documentation,aside from the reference to Briggs,
is limited primarily to advertising. The original method described by Briggs is essentially a two-
dimensional interpolatorthatselects the functionu = _ with "minimum curvature" that agrees with
the observed concentration values. In two dimensions, the total squared curvature was defined to
be

= + _-_u.] dxdy, (1)
JJ y'J

where u is the response and x and y are the two spatial variables [22]. It was assumed that
extension to three spatialdimensions is done simplyby addinganother term inside the brackets and
integrating over three dimensions. In numerical implementation, C is replaced by a discrete
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the gri but forapproximation on a rectangular grid. The data locations need not be restricted to d,
those that are not, the method does not quite produce true interpolations (i.e., the selec/ed response
function does not "pass through" observed concentrations that are not on the grid points).

Method II is a smoothing routine due to Wahba and Wendelberger that is implemented in the
public-domain software RKPACK [23,25]. This method seeks the function u = t_ that best
compromises between minimizing the curvature and minimizing the residual sum of squares.
Here, the total squaredcurvature is defined to be

21 _)2u drdydz al,a2,a3= 0,1,2. (2)
al+a2+a3=2

The algorithm searches for the function u = t_ that minimizes

Q(.)=S(u)+ (3)

whereS(u)istheaverageresidualsum ofsquaresattheobservedlocationsandA isaweighting
factorappliedtothe"penalty"C. ForA near0,thefittedfunction_ willbeverynearlya true
interpolator,forlargervaluesof/%,t_willhavesmallercurvaturebutwillnotagreeexacdywiththe
observedconcentrations.

l
Althoughtheusercanspecify;t,RKPACK providesacoupleofoptionsforautomaticselection.
Inthework describedherein,thegeneralizedcross-validation(GCV) method ofCravenand
Wahba waschosenfromtheoptions[26].

Method III is a version of kriging, a spatial prediction method commonly used in geostatistics [27.
29]. The response function u is viewed as a realization of the stationary Gaussian random function
U. The fitted function t_ is taken to be the conditional expectation of U given the values of u at the
observed locations. The function U was represented as the sum of three components:

UI, a smooth function that captures the major global features of the response,
U2, a rough function that captures local, short-range, variability, and
[13, independent random "noise" which represents very short-range variability (e.g.,

variability among samples within the same core)

Each of these functions is a stationary Gaussian process. U/ has mean, g, and a Gaussian
covariance function:

)2
Cov(Ul(Xl,Yl,Zl),Ul(X2,Y2,Z2))=o2e -Ox(xl-x2)2-Oy(yl-y2 -Oz(Zl-Z2)2, (4)

U2 has mean, 0, and an isotropic exponential covariance function:
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U3 has mean, 0, and variance ce2.

The adjustable (or fitting) parameters (jz, _, Ox, 0y, 0:, o_2, _, and a 2) were determined by the
method of maximum likelihood [30].

4.3 RESULTS

4.3.1 Visualization of Total VOC Spatial Models

Visualizations of the prediction function fi (x,y,z) were obtained by m.e_. s of Dynamic Graphics,
Inc. software [21]. They are shown in Fi.g.s.4,1 and 4.2, for the predicttons based on Methods I
and IH, respectivel.y. Although .thereare differences in smoothness of the representations, the two
consistent impressions are (1) higher VOC concentrations exist nearer the surface and (2) higher
VOC concentrations exist near the middle of the eastern part of the region. These impressions
become clearer by examining the estimate of the smooth, underlying function U1 available from
Method HI and visualized in Fig. 4.3.

The appearance of "hot" and "cold" spots in the visualizations should be interpreted with caution
since these invariably appear at sampled locations. At other locations, because of the considerable
short-range variability, it is essentially unknown whether a location is extremely hot or extremely
cold. In general, the prediction at an unsampled location is an unrernarkableintermediatevalue.

It should also be noted that all of these representations of the concentration function are likely to be
much smoother than the true concentration. Smoothness is incorporated explicitly in Methods I
and II (through minimizing curvature subject to constraints on the residual sum of squares). In
Method III the prediction function is essentially an average of all realizations of the postulated
random functions that agree with the data andis therefore smoother than a typical realization.

The geostatistical approach that underlies the kriging method provides a basis for simulating
"typical" representations of the true concentration function u. As mentioned previously, the
function u is considered to be a realization of the stationary Gaussian random function U. In
essence, U is a large population of functions and u is one of them. The conditional random
function Uc consists of that subpopulation of U that agrees with the data at all sampled points.
Conditional simulation is the process of randomly generating functions from Uc. The procedure
used is described in Journel and Huijbregts [27]. One first generates a member of U (e.g., Us) by
an ingenious approximationcalled the "turning bands" method and then modifies it according to the
following equation [28-29,31]:

u. (x, y,z) = fi(x, y,z) + u,(x,y,z) - fi,(x, y,z) (6)

where _(x,y,z) is the predicted concentration at the point x,y,z based on the observed data and
_s(x,y,z) is the predicted concentration at x,y,z based on the simulated data Us.
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0

Fig. 4.1. Spatial model of VOC distribution in the aorth plot of the X-231B Unit based on the Briggs method (Method I).
(Note: North to south orientation is right to left in the image displayed)
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Fig. 4.2. Spatial model of VOC distribution in the north plot of the X-231B Unit based on a 3-D kriging model (Method Ill).
(Note: North to south orientation is fight to left in the image displayed)
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Fig. 4.3 Three-dimensional visualization of the smooth component of the kriging spatial model
(Model III). (Note: North to south orientation is right to left in the image displayed.)



For practical reasons, Ucs cannot be generated at every point in its domain, which is the three
dimensional spatial region of interest. Instead, the same grid used for the previous visualizations
was chosen, and the function values Ucs(X) was generated only for those (x,y,z)' s that are on the
grid.

A computer visualization of one of these simulated concentration functions is shown in Fig. 4.4.
Note that it is much rougher, with many more "hot" and "cold" spots, than is the predicted function
al shown in Fig. 4.2. Other simulations would give a similar impression, but the locations of
many of the hot and cold spots would be different. The prediction function is the function one
would arriveat if one were to average many such simulated functions.

Fig. 4.4 emphasizes the point that the spatial variability here is such that the sampling of 8 depths
at each of 21 locations is quite inadequate to identify all (or even most) of the hot spots. A more
relevant concern from the point of view of remediation, however, is the estimation of the total mass
of VOCs in the volume of interest which is described in Sect. 4.3.4.

4.3.2 Cross.Validation of Total VOC Spatial Models

To evaluate the three spatial prediction methods, a couple of cross-validation exercises were
conducted using the on-site VOC data generated during January1992.

In the first exercise, the VOC data at three depths (i.e., 3 to 4, 9 to 10, and 15 to 16 ft) were
excluded from each of 21 borings leaving 5 depths upon which to base the prediction. The
predicted VOC values at these excluded locations were then compared with the observed values
(those that were actually measured), and the errors of prediction were computed. Summaries of
these errors are shown in Table 4.1. A visual comparison of prediction errors among the three
methods are shown in the box plots in Fig. 4.5. It is evident from this figure that there is not much
difference among the apparentprediction errorof the three methods.

The second exercise was carried out as in the first, except thattheexcluded data set consisted of 4
of the 21 Geoprobe® locations (i.e., all depths in probe locations GP04, GP07, GP12, and GP16)
(see Fig. 3.2 for probe locations). The remaining samples (total of 143) were used to predict the
VOC concentrations in the excluded set. In the second exercise, a two-dimensional kriging
program (SURFER, Golden Graphics Corp., Golden, CO), was also used. This two-dimensional
kriging method interpolates each of the eight depths separately. The kriging model used linear
(presumably isotropic) covariances. Summaries of the prediction errors for all four methods are
shown in Table 4.2 and Fig. 4.6. Although there is again not much difference in the predictions of
the methods, the three-dimensionai kriging method appeared to have an advantage over the other
approaches.

It was also observed that smaller errors between predicted and measured values were seen in the
first cross-validation exercise (wherein measurements were removed from some depths in all
borings) when compared with the second exercise (where all measurements were removed from
some borings). This indicates that, for t_ -231B site, if sampling density were to be increased
and a choice had to be made between more probe locations or more samples with depth, it would
be more efficient to increase the number of probe or boring locations instead of increasing the
number of sampling depths. This observation is relevant for additional sampling that will be
conducted at the site prior to full-scale remediation.
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Fig. 4.4. Conditional simulation of VOC distribution in the north plot of the X-231B Unit based
on a "turning bands" algorithm applied to the three-dimensional kriging model.



Table 4.1 Error summaries for three smoothing/interpolation methods in the first cross-
validationexercisea

Error= End=
PredictedVOCs- ObservedVOCs Log(PredictedVOCs) - Log(MeasuredVOCs)

(ug/kg) CLog
Errorstatistic MethodI MethodII MethodHI MethodI MethodII Method mi i i

Minimum error -145202 -142562 -145454 -1.22 -1.12 -1.24

25th Percentile -549 -511 -868 -0.22 -0.22 -0.24

Medianerror 15 53 70 0.02 0.05 0.04

75thPercentile 944 1079 797 0.31 0.35 0.34
Maximumerror 3813 3639 3206 1.42 1.4 1.34

Median absolute error 816 834 818 0.28 0.3 0.32

Root meansqttared 23082 22860 23272 0.52 0.52 0.53
en'or ii

a Cross-validationexercise performedon resultsof January1992on-site VOC analyses,the resultsof which were
reported on the basis of field moist soil. The VOC dataat three depths (i.e., 3-4, 9-10, and 15-16 ft) were
excluded from each of 21 borings leaving five depthsupon which to base the prediction. The predicted VOC
values at these excluded locations were then compared with the observed values (those that were actually
measured)andthe errorsof predictionwerecomputed. MethodI =DynamicGraphicsinterpolation.Method II=
RKPACKsmoother. Method IIl= three-dimensionalkrigin8.

Table 4.2 Error summaries for four smoothing/interpolation methods in the second cross-
validation exercise a

Error= Error=
PredictedVOCs- ObservedVOCs Log(PredictedVOCs)- Log(MeasuredVOCs)

¢_ug/kg) CLogug/kg)
ErrorstatisticMethodI MethodII Method Method MethodI MethodII MethodIIl Method

In IV IV

Minimumerror -32118 -33909 -33228 -34787 -0.96 -1.22 -I.I -1.45

25th percentile -432 468 -126 -467 -0.16 0.12 -0.05 -0.09
Medianerror 515 1170 483 632 0.3 0.29 0.13 0.35

75th percentile 2612 2206 1708 2157 0.69 0.74 0.62 0.61
Maximumerror 16274 16438 7573 25767 1.33 1.46 1.32 1.34

Median absolute 1030 1323 832 916 0.32 0.38 0.23 0.43
en'or

Root mean 7083 7364 6464 9139 0.62 0.65 0.57 0.65
squa emx

a Cross-validationexerciseperformedon resultsof January1992on-site VOCanalyses,the resultsof which were
reportedon thebasis of field moist soil. The VOCdataat fourof the 21 Geoprobe®locations (i.e., all depthsin
probelocations GP04, GP07, GPI2, andGPl6) were excludedleaving 17borings uponwhich to basethe
prediction. The predictedVOC valuesatthe excludedlocationswerethencomparedwith theobservedvalues and
the errors of predictionwerecomputed. Methodl =DynamicGraphicsinterpolation.MethodII -- RKPACK
smoother. Method Ill = three-dimensionalkriging. Method IV= two-dimensionalkriging.
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Fig. 4.5 Log ratio of predicted to observed VOC concentrations at deleted sample depths as
determined during the fh-st cross-validation exercise.
(Note: The tops and bottoms of the boxes mark the limits of +25% of the computed
ratios for each method. The line in the box represents the median ratio; the vertical
lines mark the range of ratios while the circles represent outliers.
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Fig. 4.6 Log ratio of predicted to observed VOC concentrations at deleted sample probe
locations as determined during the second cross-validation exercise.
(Note: The tops and bottoms of the boxes mark the limits of +25% of the computed
ratios for each method. The line in the box represents the median ratio; the vertical
lines mark the range of ratios while the circles represent outliers.
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4.3.3 Prediction of a Subsequent Data Set

Anotheropportunityto evaluatethe predictiveabilityof the spatialmodelingmethodscameaboutin
April 1992, four monthsafterthe baseline datahadbeencollected in January1992. At this time,
soil sampleswerecollected andanalyzedon-site in afashion identicalto that employed in January
1992; all methods were the same. These data were requiredto establish pretreatmentVOC
concentrationswithina small portionof the northplot of the X-231B Unitwhere field testingof in
situtreatmenttechnologieswas to occur. The field test areawas in thecentralpartof the northplot
of the X-231B Unitand representedapproximately10%of the areaof the northplot (Fig.4.7).

In total,204 soil sampleswerecollected from the field test areain late April andearlyMay 1992.
Analyses were made on-site for the targetVOCs. Using the spatialmodels developed with the
January 1992 VOC dates were used to predict VOC concentrations in each of the April 1992
sampling locations. The errorsof predictionfor each of the three spatial modeling methods are
given in Table 4.3, and box plots of these errors are shown in Fig. 4.8. Comparisonof the three
modeling methods revealed that there was no substantialdifference among the methods. The
height of each box in Fig. 4.8 (which containsthemiddle 50%of theerrors)is virtuallythe same
for each method, althoughthere is a slight difference in theirlocations.

A scatter plot of the VOC concentrationsobserved vs the values predicted by the RK method is
shownin Fig. 4.9. The "ideal line" shown in Fig. 4.9 correspondsto perfectprediction,whereas
the "least-squaresline" was derived by fitting the logs of the observedconcentrationsto the logs of
the predicted concentrations. This figure shows that the distribution of observed values at a
particularpredicted value is reasonably well centeredon the predictedvalue, but has a scatterof 2
to 3 ordersof magnitude. In addition, the range of predictedvalues is narrowerthanthe range of
measuredvalues.

A useful property of the kriging methodology (Method III) is that it provides estimates of
uncertainty(in the form of posterioror conditional standarddeviations) witheach prediction. Fig.
4.10 shows the April VOC concentrations relative to the 95% prediction intervals based on the
January1992 data. Even though these intervals arewide (the upperlimit is 200 to 300 times the
lowerlimit), they still failed to cover 28 of the 204 observedvalues. In nearly all of these cases,
the observedvalue was higher than expected. It is not clear whetherthis is a temporalor a spatial
effect. This demonstrates that given a sufficient number of samples, prediction of VOC
concentrationswithin a regionof interest can be achievedwith reasonablecertainty. However,
predictionof concentrationsat a discretepoint or in a smallregionis very imprecise.
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Fig. 4.7 Location of Oeoprobe® sampling points within the field test sub-region of the north
plot of the X-231B Unit from soil samples were collected during April 1992.
(Note: Refer to Fig. 3.2 for the location of this sub-region within the X-231B Unit.
Circles represent demonstration test cells.)
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Table 4.3 Errorsummaries for prediction of the April/May 1992 subregion data set based on the
January 1992 region data set a

....................... i_rror= ................. Error-- .....
Predicted VOCs - Observed VOCs Log(Predicted VOCs) -

(ug/kg) Log(MeasuredVOCs)
........... (Logug)

Error statistic Method I Method II Method llI Method I Method U Method III
i i iiiiiii i iiii i ii ii i

Minimum error -566179 -566625 -568491 -2.03 -2.07 2.28

25th percentile -18510 -20817 -22537 -0.51 -0,74 -0.85
Median error 835 -277 -2156 0.13 -0.02 -0.19

75th percentile 6767 2333 1114 0.65 0.46 0.3

Maximum error 69526 32847 10724 1.82 1.73 1.57

Median absolute 10674 4952 4096 0.62 0.57 0.55error

Root mean 86135 86722 87625 0.8 0.78 0.83
squared error i i i i ii

0 Validation exercise where the resultsof theJanuary1992on-siteVOCanalyses,'theresultsof which were
reportedon thebasisof fieldmoistsoil,wereusedtopredicttheVOCconcentrationswithina subregionof the
northplotof the X-231BUnit. ThepredictedVOCconcentrationswerethencomparedwiththeobservedvalues
andthe errorsofpredictionwerecomputed.MethodI-- DynamicGraphicsinterpolation.MethodII = RKPACK
smoother.MethodIII- three-dimensionalkriging.
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Fig. 4.10 Prediction of the April sub-region VOC concentrations based on the 3-D kriging
model developed from the January 1992 region data.
(Note: The predicted concentrations are depicted by the solid line with the 95%
confidence interval indicated by the dashed lines. The individual observed data points
are displayed as filled circles).
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4.3.4 Mass Estimates Of Total VOC In The X-231B Unit

To this point, the discussion has focused on the estimation of the spatial distribution of the VOC
concentrations. For the purpose of eventual remediation, it was also of interest to estimate the total
mass of VOCs in the north plot and the south plot to a depth of 22 ft.

Mass estimates for the north and south [_lots of the X-231B Unit were conducted using the
stochastic simulation method described in :sect. 4.3. The method starts with the random selection
of 2000 points within the volume of interest. This is then followed by the generation of 200
simulations of the total VOC distribution using parameters of three-dimensional kriging models
developed from the 199 VOC measurements taken in January 1992 (samples from probes in the
north and south plot), and from the 204 VOC measurements taken in April 1992 prior to the field-
scale demonstration. For a given simulation, the average of the concentrations over these points is
an estimate of the mean VOC concentration over the region of interest. The mass estimate for a
simulation is equal to the average VOC concentration multiplied by the mass of soil in the volume
of interest. The average concentration and, consequently, the mass estimate will vary from one
simulation to the next in accordance with the uncertainty of VOC concentrations at the unsampled
points which was incorporated into the geostatistical model. The histogram of average VOC
concentrations in the north plot generated by the simulations is shown in Fig. 4.11.

Two different three-dimensional kriging models were used in the simulations for the mean VOC
concentrations, one for the 0-16 ft depth zone and another for the 16 -22 ft depth zone. This was
necessary to allow for the smaller variability of the log concentrations in the deeper zone.**

Fig. 4.12 shows a plot of the 200 mass estimates for the north plot. The mass estimates for the
north and south plots were calculated by multiplying the simulated mean concentrations by the
contaminated soil mass, which was determined from an estimated volume of soil underlying the
north and south plots, and an assumed soil density of 1.8 g/cc. The quantiles of the 200 mass
estimates for total VOCs in north and south plots of X-231B are given in Table 4.4. The median
values (50%) can be used as the "best" mass estimate for each depth zone, with the 5% and 95%
values as the 90% confidence limit.

Stochastic simulations following the method described above were also performed on a data set
that only included the VOC measurements taken in January 1992 from the north plot (176
samples). The simulated mean VOC concentrations and estimated mass in the north plot were
lower than those obtained from simulations based on data from both the January and April/May
1992 sampling events (compare Figs. 4.11 and 4.13, Figs. 4.12 and 4.14). This is probably due
to higher VOC levels measured in the ApriVMay 1992 samples; the mean of the 204 VOC
measurements from this sampling event was 36,715 ug/kg while the mean of the 199 VOC levels
taken in January 1992 was only 5393 ug/kg. This is not entirely surprising given that the April
samples were collected from the eastern edge of the north plot, a region that was identified as being
highly contaminated in spatial models developed from the January 1992 data set (see Figs. 4.1 and
4.2).

The mass estimates based on both the Januaryand April/May 1992 data sets (shown in Table 4.4)
are believed to be more reliable than estimates from the January data set alone since the former
values are based on a larger number of samples.

**Becausethe logconcentrationsmustbe exponentiatedbeforeaveragingovera region,thevariabilityof the log
concentrationssignificantlyaffectstheestimateof themeanVOCconcentration.
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Table4.4 Estimatedmass of totalVOCs withinthe northandsouthplots of theX-231B Unit to
a depthof 22-ft. a

_ .... ' ...................Estimated..........Es'timated' "" '"
TotalVOC massin TotalVOC massin

the northplot the southplot
..............Quan_e ...... (kg) (kg)

5% 229 16

25% 273 23

50% 335 29

75% 382 46

95% 488 76

a Estimates weremade usinga spatial model based on three-dimensionalkrigi'ngdevelopedfronl
the resultsof on-site VOC analyses made in Januaryand April/May1992. 200 simulationswere
madeyieldingthequantiles listed.
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Fig. 4.13 Distribution of 200 simulated estimates of mean VOC concentration in the north plot
based on the January data set alone.
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in the north plot of the X-231BUnit based on theJanuary data set alone
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5. SUMMARY AND CONCLUSIONS

The primary objective of contaminant characterization at the X-231B Unit was to locate highly
contaminated regions where the field-scale process implementations were to be conducted. To
fulfill this objective, three dimensional models of the VOC distribution were developed from a
spatially extensive baseline VOC data set collected in January 1992. Using an on-site technique,
VOC levels were measured in soil samples collected from up to 8 depths (ground surface to 22-ft
depth) in each of 24 locations, with a majority of the samples collected from the north plot of the
X-231B Unit. Analysis of the data set revealed several components contributing to the variation in
the VOC observations. Models for the spatial distribution of the VOC data were developed using
three interpolation methods and visualizations of these VOC distribution models were used to
locate the more highly contaminated areas within the plot wherein the technology demonstrations
were subsequently conducted.

The following conclusions can be made based on the data collected in January 1992 and the
subsequent analyses of this data set:

1. The short-range spatial variability of soil VOC concentrations can be more than one order
of magnitude, as determined from samples that were collected within 1-ft of each other.

2. VOC measurements obtained from an on-site hcadspace technique were consistently and
significantly higher than values obtained from off-site analyses following EPA Method
SW5030/8240. The median ratio between on-site and off-site measurements was 8.35,
which corresponds to an 88% discrepancy between analyses results. The variance
between on-site and off-site measurements was larger than the variance of the field
duplicates, which indicates that spatial variability was not the reason behind these
discrepancies. Losses of target analytes by volatilization during storage and preanalytical
preparation were speculated to b¢ responsible for the discrepancies observed.

3. A two-way analysis of variance suggests that the VOC data do not simply reflect
uncorrelated noise but possess an underlying spatial structure. The analysis showed that
the variation of VOC levels was a function of sample probe location and sample depth. In
general, VOC concentrations were highest near the shallower and more central portion of
the X-231B Unit, with concentrations declining toward the edges of the Unit and with
depth.

4. Cross-validation exercises, wherein subsets of the January 1992 data set were used to
predict the excluded data points, showed that three spatial modeling methods did not result
in significantly different predictions. Lower prediction errors (difference between predicted
and observed value) were obtained when samples were eliminated from given depths vs
when samples were eliminated from borings. This is an indication that it is better to have
more horizontally dispersed sample points (i.e., more probe locations) vs vertically
dispersed points (i.e., more sample depths).

5. The three different spatial modeling methods performed equally at predicting VOC
concentrations within a subregion of the site (i.e., ~10% of the modeled region). When
compared to actual observations made four months after the January 1992 samples were
collected, some predictions were off by as much as two orders of magnitude. These large
predictions errors highlight the inherent difficulty of characterizing a subsurface soil region
on the basis of a finite number of discrete samples.
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6. The main advantage of using three-dimensional kriging for developing contaminant spatial
models lies in the method's ability to capture uncertainty brought about by heterogeneous
data sets that possess substantial short-range variability. Similar uncertainty estimates can
not be obtainedfrom deterministic spatial modeling methods.

7 Stochastic simulations using the 3-dimensional kriging model resulted in a best mass
estimate of total VOCs in the northplot equal to 335 kg, with a 90% confidence interval of
229 to 488 kg, and a mass estimate in the south plot of 29 kg, with a 90% confidence
interval of 16 and _6 kg.
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3 O GP-- ORNL 9eoprobe location

z I ' VERTICAL EXAGGERATION 3X

LOCATIONMAP ' ! _ SILTY CLAY: brownish yelIow(10YR6/6),SCALE non calcareous, some limonite and

oem_ " : I bl°ckFestoining'tr°ce vfLs°nd-
• • m

I _ CLAY: yellowish brown(lOYRS/8-6/8),scotlered red and block nodules, micoceous.

SILT: brownish yellow(lOYR6/8), clayey in
part to very clayey, non calcareous.

am_ IICDXSEC

Fig. A.2 Stratigraphic profile through section B-B', C-C" and D-D'.
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LOCATOONMAP IL"_ll_''u VERTICAL EXAGGERATION 3XSCALE

non calcareous, some limonite and

,,rim ___ _ black Fe stainin 9. trace vfL sand.

I I scattered red and block nodules, micoceous,
I J mottled occasionally light brownish gray,

_ silty in port.SILT: brownish yellow(lOYR6/8), clayey inport to very clayey, non calcareous.J
[FXSIEC

Fig. A.3 Stratigraphic profile through section E-E' and F-F.



Borehole Summary Information
orn] OAK RIDGE NATIONAL LABORATORY

"P_apar,any: R..J"m_'.... ' ..... _ .......de,: o,xl_x92 _aOo:I _ l
HOle No.:_GPOt Ground Elevation:

Total Pepth: a=,' RiO Type: SannrQDe ............. LoCation: X-a31B ..

Auger StZe: t" rlrivB tubnSemple Type; t"xt' 91_elbv tube ....................

ProJect:_Por_;|mouth _Oata Vorlfta¢l Ely: Ooua Picketing .... Pate: 03119/92
i ,, ,,,, ,, ,, ,,,,,,, ,, ,

amm m m LI_MP DFSCRXPT[ON

,,IPIIW _ lull, , ,,, ,,,,,,, ,,,,,,,,,, , i , , _ ,,

O"

. _'.:_ SC SILTY CLAY: Orownlsh yellow(tOYR6/6), SPy,
.:--_-_-,,._:., compact, tO11 vfU sand, subangular, non calc-

adds X__ SC SILTY CLAY: as above, some root hairs, 1_i Oark_w.'_'.'_:_ minerals, non calcareous, dry.

m

s- _ _" ' --- CL CLAY: yellowish brown (10YR5/6), soft, damp, some

_oo]_ ___ scattered cU clear quartz san(], angular, someoccasional dark accessory minerals, sllty in
---" --" ;)art.

--m.--.--• CL CLAY: color as above, mottles light brownish
_" _---_-- gray |IOYR6/2] in l-2mm bees wit_ occasional mot-2oo4

_o- _---:----_--= _ling throughout, damp, some occasional common
limonite staining. OVA OPpm,

is- k---__----__ CL CLAY: yellowish brown (tOYRS/6). stiff, scattered
adds _ .--.--m vCU common pebbles, fauna, micaceous, scattereddark soft organics in very thin Oiscontinuous

bees, mottled occasionally llg_t brownish gray
aS above whlch appears to be silt. sllgl_tly

::=:=:_."Z_=_-.. calcareous, damp.

_s_ Ski SILT: brownish yellow(tOYR6/8) mottled yellow-.......... ish brown(_OYR5/8) with occasional light brown
.......... silt zones appearing in desiccation cracks,

damp. some vfU sand scattered throughout.:- :--.,--..--.._
_e . ¢.--..._ : - . -__..-__."_:-- "- "-:"

_< i_._i=_ :- v_s vs.Y_oo_SA.pLS:,.m.le appear,to be ,_lt200? aS
- _ above, saturated

_o. _-:'_'='-

......... SM SILT: brownish yellow(lOYR6/8), vfL with somesoda scattered fL. very poorly graded, oredom_nantly
;_a- -- ...... clear quartz, subangular wit_ some subrounaea,

<1_ Osrk accessory minerals, sligr_tly calcareous
OVA pegged on _ig_est scale ;n Parabola,

24-

3O

72



Boreho]e Summary Information
orn ]

p.'pe.ed ay: _-.._hi..*., .....O.t;: ol/,s_a2 pegs:'_ o_, .....
Hole NO.: GPOa ...... Ground Elevation:

Total Depth:.j?d?bL_.RJg Type: Geanrohl LoCation: _a31B ......

Auger SiZe: t" drive tu_oSemole Type: t'=i' 9he]by tuba ...............

Pro)act: Portsmouth Oat8 Vertf_eO By: O.A. p_cKerina Date:, 03/19192
-- --" -- ,... ......................_EScRxpT;o.

SC SZLTY CLAY: l_g_t yellowish Drown to Orownisn
.:--_.--_,._..: yellow(tOYR§/4-6/8), some scattered vfL dana,...... salt deposits, compact, dry, root helps.

a-

_' "_'_"'_ SC SZLTY CLAY: Drowntsn yallow(tOYR6/6), lX dark
apse __"_., accassory minerals, non calcareous, dry.'_::;;_,."_.._

.- __

e- _ _______--"-- -- CL CLAY: Orownls_ yellowltOYR8/O), mottled light
"_ _---=_ Orown,sh gray (10YR2/2) .Oundant dark organ,ca,;ROll

._. tight, dry, some llmon_te sta:n_ng, crumbly,
m m

|.
m.. :..."-2. °

m

201Z
io- ._._. CL CLAY: color as aOova, slightly mlcacsous, some

-- ---- _ scattered slit.m m

. .---_----...._
m .tomb

to- _ CL CLAY: Orownlsh yellow to yellowish Orown
(10YR6/8-5/8) some scattered mU sand. rouna.

aol_ s l_gl_t ly calcareous.

._._,_., _.

_e- S_ SZLT: Orownish yellow ltOYR6/8), some scattered
.......... fU-mL sand, arkosLc, <t_ dark accessory m_nerals

very slightly calcareous, tight, damp.
_! .l._.eii. i

._...J oe.,m ..

_ :_;.._'.._'._'._ SM SZLT: I=rownis_ yellow (tOYR6/6-6/B), no sana,
_ol5

.... _ some common _lacK Fe ox_Oes locally, occasionalmott]ing yellow_sl_ I=rown(tOYRS/6}. scettereclJ._._._._._

so- .','_'._._.'_. micaceous content, wet.

lOSe
_2-

_4-

no

?3



Borel_o]e Summary Information

orn ] o,,.ooe
PPll=arld By: I_-M- Sehlnsnnr Data: 01/tSiga Page: t OF t

HOle NO.: GPO3 GrounO Elevation:

Total OeDth:_.P,2,_'.._R_g Type: Gannrol_p. Location: X-231B

Auger Size: I" drive tuba Sample Type: t"xt' -_helbv tuhn ..

I=rojatt: Por_,smouth Data Ver_flteO By:_D.A. PtcKar_no ,,Dltl: 0_1/t9/92
Desk.x,lim_ _m u_maw TION.....

0-

_._._.._._ SC SILTY CLAY: brownLsn ye] low (IOYR6/_), mott leo.:-',,_,w:-_.._w_::"--'_ l_ght brownish grey (tOYRS/3), some ,_*.,at_ereO
...... fU Quartz sanD, 5-tSmm common peDDles. _.on

2- _. '-_-._P_.-_; calcareous, Or-y, t _gnt.
, ,: ::

. ¢.----).,_..j:_._.:..._ SC SILTY CLAY: as above, ebunclent root heirs, some

_ose _ w,v::_,_,':.,,w l imonite staining, root gores, dry.4-
.._:_w_.._
,Imt=_, Qm_i .,a

.
==m=m

a- " -- CL CLAY: yellowish brawn(tOYRS/6), mottled light

brownis_ gray (tOYR6/2) abundant clark organicsao,e _._..... -_:. encl black Fe staining, some mottles Orownisrl
yellow(lOYRS/B), plastic, tigt_t, stiff, silty in

a- DePt. HNU 190DDm in borel_ole.
=m,m. _ ==

.o,oXno- CL CLAY: color" as above, becoming sLlty, rl_grler _;
:- ___" black Fe oxides an(] common limonite staining,

• ........ stiff, city. HNU 160 glum in boPerlo|e.

_a- ¢----_--.__--....'-m. CL CLAY: brownis_ yellow to yello_isl_ bro,n

aDiOS_ --.--. (_0YR5/8-5/6) scattered 3-Smm peDDles,non calciferous. HNU 200 pgm in borel_ole.

14-

_Oa_ _ .........._e- SM SILT: co1_r- as above, some scettereO clay.

ao_3 .......... SH SILT: ligf_t yellowls_ brown to Drownisl_ yellow
_:=:=: ..... [IOYRS/4-G/S), some scsttered mU sancl. IZ der_
.......... accessory mznerels. HNU tO0 Dgm in Oorehole.

2o ...........
m._,m._._.
_. m .,- =J, .el

=---_.___:_._:.:_ SM SILT: color as above, some clay. micsceous, wet.
sl_gMtly plastic, very soft, HNU 110 in Oorenole2oa4

.?.4_

_,e-

30-

'74



Boreho]e Summary Information
Orllm]  Io6EN,TION,LL,BO ,TO

Pr'eDermd By: R,M, SchIoftmmr Date: 05/16/92 Page: ! OF 5

HOle NO.: GP04 GrounO Elevatlon:

Total OeDth: 22' Rig Tyoe: _eooro.e Location: X-231B

Auger Size: i" drive tuhe SamDle TyDe: t"x5' Shelby tube

Pro)ect:_Pgrtsmouth _Deta VerlfieO By: b.A. PicKerina Date: 03/59/92

am.. m e_ Lmmam DESCRIPTIONt_rn

O° X .................

20_S . .'_,,:._. .. ::,_, . o_1,1_1..o _ . .

,'_": "#W.t_ : : iW.W44": SC SILTY CLAY: light ye!1owish brown to Drown-
_.::..._::.._., ish yellow (t0YR6/4-6/5) mottlecJ light
'_-'R'.."_--'_.'..._" brownish grsy(tOYR6/2), occasional root hairs

2. :Hw_4..:j._::_ antl common 2-Sam oebbles, very rounO, very silty
m . _q4.q_. . m

,'T,;_::-'--'_w::'---_ SC SILTY CLAY: yel lowish Drown (10YR5/6), matt leo as
2o_ _)_:._._..::_:_ soars throug,Out, aOuntlsnt root heirs, some aark

4 _ ....... Fe oxiOes, becoming less silty. HNU 70DDm in
_w::_4444":_ boreho ! •.

2o2_ _.. m CL CLAY: Dretlominantly brownish yellowlIOYR616),
. " mottled ligl_t brownish gray as above, one 5mm

banO of brown (IOYR5/3) . HNU 3001_m in Dorenole,
eo ----''m--'m..:mmm-

.°.Xlo- CL CLAY: as above.

----_.
_- m --- CL CLAY: yellowish Drown 110YR5/6-5/81, some silt.

2o2e _>_ <lX (}ark accessory minerals, non calcareous.

|4- - --_,- --

ta CL SILTY CLAY: brownish yellowllOYR6/6-6/B), dry,
.... crumOly, becoming Oamo.

._._._._._

2o3J SM SILT: brownish yellow(lOYRB/e), very little Clay
. wet.

20 - " ..... " "_'

_,_._.m._

SM SILT: as above, saturateO.2032 .........

24-

2S-

20

30-

?5



Borehole Summary Informationorn] o,KRIDGENATIONALLABORATORY
Prepared By:.._.M. Schlomsmr Date: 01/t7/92 Page: i OF |
Hole NO.: ODDS Ground Elevation:

Total D_th: ;:-a' Rig Type: Gaonraba Location: X-23tB

Auger Size; t" drive tuheSample Type; t"xt' Shelby tube

Project: Portsmouth Data Verified By: O.&. Ptckertno Date: 03/t9/9a

_m. m =m L=_ DESCRIPTION

o-

;_v._._ SC SILTY CLAY: Drown to Orownish yellow(1OYRS/2-5/4
_::"--;;_.:-"7_7, nard, compacted, scattered 3-Smm peDDles,

a- '_.::_. ::_ aOunOant fines, very calcareous, trace vfU clear
,:._,_::,_.. auartz sane. HNU 300om in borehole.

.'..':,.._..:'..__._
2o=4 :"_ :'T'.',_;_::"_

4- .*._._...._._.._ SC SILTY CLAY: yellowish Drown (10YR5/6-5/8), mot-
_.:_..::,---_ tlea light brownish gray (tOYR6/2), aOundant root
.3._S_.._.._:__ ha irs, so ft, crum_ Iy.
4444::W44444"1444

ao35 SC SILTY CLAY: color as aOove. <l_i Oark accessory
__ minerals. HNU 40Ppm in Oorehole.

a-
m ,mm_m

zo3e _.'--:=0- -"-__.--_ Ct CLAY: brownish yallow(tOYR6/6-6/8), mottle(]_-- l igrlt brownish gray (JOYR6/2), root DoPes, Ory,
_'-'_---: crumD]y, non calcareous. HNU 50ppm in Oore_ole.

2037 brownish gray, silty in part to very silty loc-
ally, some limonite anU o_ack Fe staining.

- ---- --- stiff, damp.

14°

2o3a . ..........
.-._.-_.,=:=..

_a- ....... SM SILT: brownish yellow(lOYR6/B), mottled light
.......... brownish gray (tOYR6/2), clayey and calcareous
......... in part,

2039

;_0- ..........

_ ,' ..._,"_o° _--..°._ S. SILT: as a_ove, _cst_tereO _lec_ Fe oxic_es , HNU

=:--_:=:=:_"2040 in Dorado le 15DPm.
22-

@4.

z6

2a

30-

76



Boreno]e Summary Informationorn ] ,.oo -,.o,,,o,,
PreparaO By: R,N. Schlommmr Bate: Ot/171g;_ Page: ! OF I

Hole NO.: GPOB GrounO Elevation:

Total Depth: aa' Rtg Type: GennroBe Location: x-23t8

Auger Size; t" drivm tuba Sample Type: t"xi Shelby tuhe

Pro)act: Portsmouth Data Vertfie¢l By: O A Plckertno Date: O]/tP/Pa

mm m uma u_ DESCRIPTION

O-

_hw."_..w SC SILTY CLAY: Orowntsh yellow(tOYR6/8) mottlecJ
_::--'_..-'_/_ light Orownish gray, Ory, non calcareous, some

2- ,_'aw_.::a._ salt, 0ark Drown mottling _y Fe oxi0es, slightly
_t:w,w:kw_v Ca 1Careous

2o42 ..--_+,:"_,_;_:.--'_
4. f:'_'/_..:,,,M_..j, SC SILTY CLAY: yellowish brown (IOYR5/6-5/8). root

_.w_::_.,:. hairs, a0unaant limonlte stalnlng ana t)lack Fe
...... oxi0es, non calcareous. HNU 5Dpm in Dorehole.
m,m,.--
_.em..m.,
kk_4:'_k :M4q

ao4: <_ ..... SC SILTY CLAY: Drownish yellow(lOYR6/6-6/B), somescattereO 2-Smm peDDles. HNU 50D_m in borenole.
.mama =mmm

• ==mam m

e-

_.-._----'_'-----_'-" CL CLAY: yel),w2s_ brown(lOYRS/B-6/8), mottleO
2044

_o. - oetween tt 3e two colors, Ory, non calcareous.

,2 zo,, ___'_:" CL CLAY: as above, some scattere_ 3-emm noOuleS,noncalcareous
m _ m

|4 ._........
m m

le- SM CLAYEY SILT: 0rownish yellow llOYR6/8), abundant
,:: ........ limonite staining and occasional noOules, often
_.'::=:=:= mottleO light Drownish grey (10YR6/2), moist.
.......... HNU IODDm in Oorellole.

te- _ .......... SM SILT: as alcove, less clayey, OamD to wet.
2047

20- " .........

......... VPS SILT: as aOove. HNU 70DDm.2048
22-

24-

ze-

2e

3o
J
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Borehole Summary Information

OrR] o,K IoQEN,TION,L
PPIlllrld By: C.A. MuhP ............. ......... OIIEII:_.I3.Z_2__ Pegl: lJ OF t

HO|e NO. tiP07 Qr'ounO Elevation:

Total DeKIth:..Z2_...Rlg Typl: I_aonraba Location: .X-a]lB

Auger Size: 1, drive tubaSaclD|e TyDe: t"y_' _ha|bv tube .

Pro)ect:.PO)-tsmouth _Dllt_ Vertf|od By: n.A. Ptckarina Oetl:_• ,,,ll , ,,,,,,, , ,
m_ ;.maw OIrSCRI PT I ON
IPIIT! ; / Imi,- ,

0-

a049 ,.__ SC SZLTY CLAY: Orowniet_ ye] tow (10YR6/6), some PoetlO,lea

_::_::_:----..-- Neirs. t:)lecK Fe oxLOes. HNU IODDm in Oorenole.
2- ' ° °°_

_;"PPI'_'"

_ le el . edmf_mm_*• - __ SC SILTY CLAY: yellowish hrown(tOYR5/5), rOOt
_...._..._"''_" :_" heirs, non calcareous . HNU ODDm in Dorenole .

s- _ ,._,_
2oo_ __ SC SILTY CLAY: color as eOove, non celcaPeous,

__ l lmonite staining. HNU tODDm in Ooret_ole.

I, _lUmlle in

.-._
_os2 .,_.,_..

_o. _._ SC SILTY CLAY: yello_is*. Oro.n(lOYRS/6-5/8), noncalcareous, very _ar , siliceous silty layer at

aOOU_ 10' very pale Oro_n(tOYR7/6) . HNU 10 ppm.... -.- . in Oorel_o |e.

_2 _____ _ NO SAMPLE RECOVERY:

m m 1

D m m

-2_e4
_s- .----.-- CL CLAY: Oro_nts_ yello_ltOYR6/8-5/6), very homoge-

-----'-- neous. HNU 41)Dm in borehole.

.-i ----. I--

2., _-_. c- CLAY:co,or .e a,ov°, .omo_eneo_,.e_, HNU
_Z- ---"-- Dr_ in Oorenole,

20-

30- 0

?8



Boreho]e Summary Information

Preliared By: R.M, BchlonlmP Date: 0t/t8/_2 ;:age: ! OF t

Hole No.: opoe Ground Elavatton:

Total Depth: 2;_'_ Rig Tylie: P-aaDroDa Location: X-2_tB

Auger Size: i, drive tuheSamlila Type: t"xt' Shelby tube

Project: Poptsmoutl_ Data Vertflad By: O.A. PtckIrln= Date: 03/t_/ga
mm m m L.maw DESCR[ lIT [ ON

0

2057 _ "--"'-----'" SC SILTY CLAY: yellowish bPown llOYR5/4-5/6), clear
Quartz vfL senO occasionally, root hairs,

,- .--.3_.'-L-,_ some l imonite staining along root DoPes, some
noOules. HNU 9PPm in borehole.

,ose _'-'4- --"-- SC SILTY CLAY: yellowish brown(tOYRS/6), mottleO
light brownish gray Dry to slightly moist, some

..... black Fe oxiaes locally. HNU lOppm in Parabola.

ao
.05a _ CL CLAY: color as above, with occasional yellowish

----'-'" brown mottltng(tOYRS/8) . HNU tOpPm in Dorehole.m roB,

m,m

_27.050_ ._-.
io- _ CL CLAY: as above mottleO light bro_ ,ish gray (IOYR)

.._ _._ occasional nodules anO Olack Fe oxides, silty as
.---"- above, becoming less silty with aeDth, Damp.

|2-
a051 CL CLAY: yellowish brown(lOYRS/8) mot led lig t

- brownish gray, homogeneous, sl'lty i Dart. ew
noOules, <1% dark accessory minerals; silt size,
HNU IOppm in borehole,14

la. SM SILT: brownish yellow (t0YR6/6-6/8), clayey in
;:'3:=:-:=:' Dart, homogeneous, no mottling.

la- _ SH SILT: as above, clayey in Dart to very clayey,

2oe3 _., ....... non calcareous, wet, HNU tOppm in borehole.

2o- _ ....

2oe4 _.-'_':_:.-- SC CLAYEY SILT: color as above, 50Z clay. HNU 14DDm
a2- ," _" in borehole.

24.

2s-

26

30.
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Borehole Summary Information
orn] o,KRIDGENATIONALLABORATORY

Prepared By: C.A. Muhr . Date: 01/4B/g2 Pllge: I OF 1

Hole No.: GP09 . Ground Elevation:

Tote1 Depth: 2;_' Rig Type: Gsonroba ..... Location: _-23tB

Auger Size: t" drtvm tube Sample Type: t"Xl' sh|ll]v _;uhm

Project:_pgrtsmouth _Oate Verified By: O,a. Ptckert_o Date: 074/19/92, ,. , ,,

m _ -I_ DESCRIPTION4_IIIT; i lien ,,,,, L

o. _2oe5 _ " SC S1_LTY CLAY: Drown (IOYR5/3), numerous root _sirs.
-'-' some salt, non calcareous. HNU 170ppm in DoPe-
....... hole.

2- , ..,,...,. o,,,mm-.

2_6 _--'_:'-_4- SC SZLTY CLAY: ye]lowish Orown (IOYRS/6), mottlecJ
brown encJ grey, some Dlsck Fe oxiae content.
HNU 120ppm in t=orehole.

e o ,_. j --

aoe7 X-----,--- SC SILTY CLAY: (IOYRS/6) . HNU t2OOOm in _ore_ole.

CL CLAY: as adore mottleO light Drownisl_ gray ,
__" brownisrl yellow(tOYR6/2-678), occasional nouules

ancJ Fe staining. HNU 4OoPm in Oorehole.
m

zoeo CL CLAY: brownis_ yellow(lOYRS/6), HNU 150ppm in
t)oret_o le.

2o7o ._:.=..=...=.-18- . ....... SM SZLTY CLAY: yellowish _Pown (10YR5/6), HNU 150Dpm
.:-_:=:-_.:=:' in Oorehole.

..:-:-:.-:-:

iB- 207t _-----_-:-:- sccL.._YSZLT:o_.o,.__.._o.(_oY.6/.).._ ..u
in t)orerlo le, 220ppm.

_o - _ ....
.--_:...--_-.___---

_._'_.__'.'_- SC CLAYEY SILT: clayey s,lt, very wet. HNU 40DDm in
2072

22- l_orel_o le.

28

30
,,

8O



Boreho]e Summary Information

Prepered By: R.M. Schlonnnr Date: Ot/tg/g2 Pege:_

Hole No.: GPIO Grouna Elevation:

Total OeDth: aa' Rig TyDe: GaoaroDe Location: X-23tBI
Auger Sxze: t" drive tubeSemple Type: t"xt' Shel_v tube

Pro)act: pgrtnmouth Date Verified By: D.A. pickerzna Date: 03/tg/ga
m _ _l_ DESCRIPTION

,,,,

0-

2073 ..... SC SILTY CLAY: yellowish Drown (t0YR5/6), mottled
light Drownish gray (10YR6/2), root hairs, some

a ..... nodules, 11monite anO black Fe oxide stains, Dry
crumbly. HNU @ODDm in borehols.

_. m. =,,.=.=.

2074 _ ......4. SC SILTY CLAY: as aOove, DreOominantly brownish

yellow(tOYR6/6), nodules, staining and noOules. as aOove, trace vfL sand. HNU 120DDm in Dorehole
.==,,,m

e_
2o7. _ CL CLAY: Drown to yellowish Orown(lOYRS/3-5/4)

- _ ---- Dlasttc, mottled Itgn+t OrOWnlSh gray (IOYR6/2)
silty ;n Dart, non calcareous to slightly calc-

e- "- _--.. areous. HNU 200pDm in boreho]e.
• =mm..I

zo7a ;---- -'--- -'-
,0- CL CLAY: as a_ove mottled light brownish gray to

Drownlsh ysllow(lOYRS/2-678), occasional nodules
--- and Fe staining, HNU 40Dgm in Dorehole.

12-
2o77 _-_-_" CL CLAY: brownish yellow(tOYR6/8), occasional very

hard silt zones, Dredominantly dry, crumDly, non
calcareous, HNU 10Dpm in Doreho]e.

14- _ _ .

eats X --'_" ----"" _
_a- --__ CL CLAY: very Door sample, very silty. HNU 5ppm in

--_-:--.'--,'-'. Oorenole +
m.n.w.m,_ I

,o- _ ,'=:':_:-.'-.'."2o7o :_:-:_--
.......... SM SILT: brownish yellow (tOYR6/B), homogeneous, <_%
......... Olack accessory minerals, wet, firm, HNU 55DDm

20. ::-:-:--:--. In Oorehole.

20so _--"--_'--:'--:-- SM SILT: as adore, HNU 60DDm in Oorehole.
22

_4-

26-

20-

30-
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Borehole Summary Information
orrl ]  IoGEN,TION,LL,.OR,TO Y

pr._.are¢ e_; n M S_hloti_r oats: el/is/92 Page: t OF t
HOlll NO.: _fl|t ...... Ground Ellvetlon:

Total DeDth:_Rlg TyDI: r-aonrone LOCation: X-23tS _

Auger SizE: t" drivm tubeSSmDle TyDe: t"xt' qhelbv tube .,

Pro)ect:_pgPtamouth Oats Verlfietl By: O.A. Ptckertno Date: 03/t9/92
H, ' _ Tm_ _ _ L,_ DESCRIP ION

,

O-

_ Bin, tqlmm • im

loll ....

SC SILTY CLAY: ye]lo_vish Dr'o_vn(lOYR5/6-5/8). aDun-
;--- .... -_ aant root hairS, trace vfL senti, tight, comDact-

_. - .... eO, non calcareous. HNU t5ODDm in Dorehole.

20il

• . SC SILTY CLAY: as above, Decoming brownish yellowl.l.*.

,_, (IOYR6/2) .l_ich is silt, some limonXte sncl _lack.... Fe ox2aes, occasional noOules, tight, some Poet
.,,..._m.._.,._.__ helPS, HNU IBODDm in Oorenole.

8 _ ..... with occasional mottling, slightly calcareous.

m
m m .am

.o..N----
to_ CL CLAY: Drown to DPownis_ yellow(lOYRS/3-5/4),-"--" silty in Dart, mottlsO light Drownish gray(JOYR

" "---'-- -6/2} ana yellowisl_ Orown(lOYRS/8), occasional
_--_---_ PsO(2.SYR4/6) noOuls, noaules moaerately soft to

"" ,o,, ___.'_ CL firm. HNU 45D pro inDorehole.yellow(tOYR6/8,,/_ CLAY: Drownisn mottles as aDove
_--------- with 0lack and reO noOules, firm. some Oark ac-

.-----:-: cessory minerals, slightly to very calcareous.m
14"

2oe6

Is- CL CLAY: very Door samDle, very silty, HNU 5pDm in
__.----_--_ Dorehole

,.=,_ ..m.i. _

S|- :,Oil?_;--'-"_"_'" SM SILT: Drownish yellow ltOYR6/S), aDunOant moOer-
::._.-._._. ately hart] noOules, rltOclish Drown, occasionsl

a0- - ......... c lay. HNU 155DDm in Doreho Is.

a2- / "_'----"'-_ Dorshole.

_4-

ll"

_°_

30"

....
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Bore_o]e Summary Informationorn] o,KRIDGENATIONAL LABORATORY

Pre=are_ By: n.M. Schlouer Data: 0i/20/a2 Page: i OF .ii

Hole No.: GP12 GrounO Elevation:

Total DeDth: 58' Rig TyDe: Geonvol_l , Location: X-23tB .,

Auger Size: t" dPtvm tubA SamD|e Type: t"xi' Shelby tubs

Pro)act: Portsmouth Data VertfieO BY: b.A. Plci<ertna Date: 03/19/92

,, C _ ,,,m m u_ DES RIPTIONnml _ =m .........

O" _ _ .... ..--..,

, ..... SC SILTY CLAY: yellowish brown (IOYRS/4), Ory, crum-
" bly, trace vfL sanO, com;)act. HNU 40DDm in bore-

hole.2-

..,m . ....,.. .....

20go

4. __..__: SC SILTY CLAY: as above, becoming brownish yellow
_' (tOYR6/6), <1_ cJark accessory minerals, some
...... black Fe oxides anO trace limonite sta_ning,
..... root hairs, HNU 40Dom in Oorehole.

2ogt __.._ CL CLAY: color as above, silty in Dart to very sil-
ty, moist, s]igr_tly plastic, sticky, HNU lOoom

---- _ - tn borehole.
e - _-"--J

,o,,X-----is- CL CLAY: as above, more silty, mottleO l;ght brown-
."_.._...._ tsh gray (10YR6/2) wh].Ch iS silt, st tgh_lv CalC-
"-" areous. HNU 12D;)m tn borehole.

l=- X
2og3 CL CLAY; brownish yells. (10YR6/6-6/8), mort led

strong Drown (7 .SYRS/6), mottled with silt, _ 1 lght
__" orown2sn gray(iOYR6/4), aounoant red anO black

nocJu]es, HNU _SDDm in borehole.|4- ,- ---.- -_-

.- 2oo, ".-'-'.':-'-'i SM SILT: very clayey, Dreclominantly brownish yellow
.......... (IOYR6/5) , HNU 201=l_m in borehole.
--: _.,_.,_.,_
_._,_._._

18-

2095 _ ................... SM SILT: as above, homogeneous. HNU 6000m in bore-
.,........ h_1e.

as- " ........
m,m._._,_

22-

24

28".

i

20 " u
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Borehole Summary Informationorn ] o,.RIDGENATIONAL LABORATORY
Ppepered By:. R.M. S_hlnanar r Date: Ot/2o/g_ _ _ Page: I OF 1

HOle No.' gPt] ..... Groundd Elevotlon:

Total OIpth:..PmR___Rio TyDt: Qannrona Location: X._tB

Auger SiZe: 1"_drive tuha Slmpll Type: _"x1 ° _halbv tuba _

Pro)ect:_Portsmoutl_ Data Verttlecl By: O.A. P_cKartna Date: 03/tg/g2
,, i ,,,,,,, .,,,,." _ aMPU _ .........,.-.- OESCnXPTXO,/ tm ..................

SC SILTY CLAY: ye]lowls_ Drown (IOYRB/4), Ory, com-, _..mama. **.

aacteO.

aogo, 4-_ -'-:-..... SC SILTY CLAY: yellowish Drown (_OYRB/6) mottled
..-9-"__.--:-'.._ ltgtlt Oro.nish grey (lOYRB/2-6/3) . HNU 130DDm _n
_ Oorenole,

. aoee _---_._ CL CLAY: yellowish Or.own (10YR5/6-5/8), silty _n
. Dart to very silty, occasional noaules ena black

" ---- "" staining, Qty.
O" mm _ m

m
m m m

so- CL CLAY: as above, less silty,

%.._---¢
m immmB m

aset CL CLAY: ae above, mottled very pale Oro_n(tOYR7/3)
• , tight, ,hoist, HNU t3ODDm in Oore_ole.

_mmm

Ilmmm ,atom

g4- ._..__
mm _

1metal, .,.
mm _

2tO;_
_e- _"--'-- CL CLAY: becoming silty, abundant noQules.

2103
SM SILT: yello_;sl_ I:rown, homogeneous

20" "'"" '--'"'

/

24_

84



BorehoIe Summary Information

PPel3arad By: R.M. Schlosser ......... Date: ot/2t/92 .... Page: t OF 1 .....

Hole No.: 0P14 , , Grouncl Elevation:

Total Depth: 22'_ Rig Type: Geonrobm ,. LOcation: X-231B

Auger Size: ]" drive LubeSem_le Type: t"x]' Shelby tube

Pr0)ect: Portsmouth Data VerlfleO By: O.A. Plckerlno i i Data: 03/19/92 l
ibm m m Lt_ DESCRI PT I ON

, =,, , ...........

0-

2t05 SC SILTY CLAY: Drown to yellowish Drown (10YR5/3-4)
_--'_-.-:--"_--_," aDunaant peDDles anO noOules, limonite ana black

a. -- .... Fe oxiOe staining. HNU 250DDm in sample bag.

21oa _ _ '
4. _ SC SILTY CLAY: yel lowlsh Drown (IOYR5/B-8) mott leo

..... _ 1 ight Orownlsh gray (10YR6/2), root hairS, 1 lm-
L--_ onlte staining, scattereO noOules, crumply.

HNU 300ppm in sample beg,
a

aiD7 _ _ "-- CL CLAY: yellowish brown(tOYR5/B), mottleO as above• . slightly cohesive, silty in pert. non calcareous
to al2ghtly calcareous. HNU 200ppm in sample peg

6 m

,,o.X-----l0 _.. _.. NO SAMPLE: l_it vug.

12o

Xatop CL CLAY: yellowish brown (IOYRS/6) ena light brown-
.... ish gray (10YR6/2), crumbly, occasional noOule,

HNU 2PDm in sample bag.
t4-

Xatto :: -..-_.._..=.:
is- SM SILT: yellowish brown(iOYRS/8), clayey in part,

.......... mottled vericelly along desiccation cracks light
"_:=:=:":-- brownish gray (lOYR6/2), 1-2me reO anO black nod-
.-'--:--:- ules. some limonite staining. HNU 5ODin in sample

to- :-:=:=:-,': bag.

2111 X SM SILT: very little clay. <1_ clark accessory miD-
- ......... erals. HNU lOppm in sample bag.

20 - " .........

atta SM SILT: as above, homogeneous, wet. HNU 50ppnt in
aa. sample bag

_4-

i 2o

30 -
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Borehole Summary Information
orn ] OAK RIDGE NATIONAL LABORATORY

Prepared By: R.MI Schlommmr __ Date: 0|/2t/_ Page:. i OF.|,, ,
Hole No,: _ GP15 Oroun(:lElevation:

Tote! DePth: aa' RIO Type: Gennro_e ...... Locatlon: F-23tm ,,

Auger SIze: 1" drive tuQeSamDle Type: t,xt' 5_elb v tube ......

Pro)ect:_Portemouth ____.._._.DotsVerlfled BY:. O.A. Plckerlnn Date:
,,, ,, ., ,-- ..,,

_ _ _:_ma_ DESCRIPTION
, IF81rJr; _ INTV ,, ....

2113
_£.--- SC SILTY CLAY: llght yellowish Drown tO brownlsn

...... yellow(lOYRS/4-6), aOunUant black Fe oxiOe
a. "--'." sta;n_nQ, root l_airs, cruml:)ly, dry. HNU 30ppm

'.'-"'..__. in sample Ioag.

=,_,_ --':.._'._-_4 SC SILTY CLAY: as above, hagh • fines, clry.
-,--:--,--_._ HNU 4PDm in sample l_eg.
m.m*m
.m ,.

, .m,

6t7 _ ":_---_,.'._--'T-,._ati_ _ SC SILTY CLAY: as aOove.

e- _ ="=== "

Io- ._' ------" CL CLAY: Dreclomlnantly yellowish OrownllOYR5/8),
-------- mottlecl light gray ancl Drownish yellow, very

. " sl_gMtly calcareous, tight. HNU 70ODm _n sample
Dag.

.,re,m,
J2-

2t.t7 CL CLAY: yellowish Orown(tOYRS/6-B) and light I_rown
lSh gray (IOYR6/2), cohesive, clamp, homogeneous,

------%--: tight, HNU 80ppm In sample bag.

14- :__.___

Is- at te _ CL CLAY: as above, higher _K silt. wet HNU. 60ppm in
sample Oag.

.m ._._._._

._._._._._

16- 2119 X .......... SM SILT: yellow;sh Orown (10YR5/6), trace clay, m;c-
.:.--_:"J:=:-_:i aceous, trace vfL clear Quartz 5ancl, angular,

2o- ---'.._.'..'_.'_..'_..HNU 20DDm in sample Oag.
_._._._._.

atao SM SILT: as aDove, very well consol_clatecl, trace
zz- clay, HNU 2Dom _n samole Oag,

_4

26

ae._

I

30-
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Borehole Summary Information
orn]

PnalaaneO By: R.M. Schlommmm ' Oatg: 01/21192 Psge:_ OF"i '

HOle NO.', GPtB , , GrounO Elevation:

Total OeOth:_R_g Tyoe: OInnroI31 LOcation: X-231B

Auger Size: t" _triva _;ubsSample Type: 1"xt' Shelby tubs ,

Pro)act: Portsmouth Data VsrtfteO By: b.A. Pickerina Date: 0]/19/92
, ,

_ Im_ L=_ DESCRI PT I oN ........ : .....,_! mmm ,w_

o - _ /_ _ -

SC SILTY CLAY: brown tO brownish yellow(lOYR5/3-4},
...... dry, comDacteO, crumbly. HNU 20ppm in samDle
...... bag.:)" .. ,,,.,....m....,

4. SC SILTY cLaY: yellowish Orown (10YR/5/6-8), mot-
----'.-".... tied occasionally lig.t brownish gray to Pale

brown(iOYR6/2-3), occasional black Fe ox20e
"_'._'" staining, occasicr._l nodule, HNU 30Dm in sam-

p le bag.

s- a,a3 _-. SC SILTY CLAY: as above, higher _; clay, cohesive,
abundant light brownish gray mottlJr,g in deSiC-
cation cracks. HNU 2DPm in samDle bag.

,.,,,... ,.,.m,

• m .mum

_ J2124
_o- NO SAMPLE:

zte_ CL CLAY: intermittent beds of yellowish brown (IOYR6
/6) and very pale brown (10YR7/3-6/3), very DIes-

--" tlc, moist, yellow brown molst but not as plas-
---" "-" tic, occasional black Fe oxides and nodules HNU

t4- . in sample bag. 5ppm

_a- atas _ CL CLAY: as above, silty in pert, no bedding as sO-
= dye, just yellow brown mottled light brownish

gray.
..... _ ._.

: SM SILT: brownish gray (IOYR6/8), occasional clay,
:'.---:---:=:-:: some nodules, occasional black Fe oxide stain-

do- :.:=:-:".'": ing, wet.

=_za SM SILT: as above, saturatea.
22-

24-

ZS

28-

30- •
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1,00Wa,ne_u,.1,00 _._ ._:,'
_"_ S,,ver Spring, Man/,and 20910 _2_ "_ "_" _: _"

Centimeter
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1 2 3 4 5

Inches 1.0
- ,,,,_ m_LIIII_
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Borehole Summary Information
orn] RIDGENATIONALLABORATORY

Premare_-By: R.M. schlosier Date: Ot)2t/g2 ......... Page: ! OF I

Hole No." SBOB ..... Grouna Elevation:

Total Deotn: 17' Rig Tyoe:__cKer AD-2 .... Location: X-23iB ....

Auger Size: tt S/B" O.D. Sample TyPe:. B"x2' Shelby tuhe "Calif. method"

Project: Portsmouth Data VertfleO By: b.A. Plckerlno Date: 03/19/92

ScRP I .......M_, m_ ,_ LteaJm, DE I T ON

0-
_._.--

--._._.

24 .....

- --" "-- AUOER TO 9'm.m,_

_ ..m...-. m

4..... SC SILTY CLAY: loggeO from cuttings, higher clay
..... content with aepth, scatterecl large noau]es.

10 ,---,- ,----

_o- 33 " CL CLAY: yellowish brown mottled light brownish
gray(tOYR6/2), _lack and redOish brown limonite

_o ---.----. staining. Stainless steel sleeve.

t5
_2- tit CL CLAY: as above. Stainless steel sleeve.

1oo

_'" 4z CL CLAY: as above, some nodules of concreteO vfL
clear ouartz sanO, subangular to subrounO.

so very ooorly graOeO, Acrylic glass sleeve.

19 .........
J6_ 16

a= SM SILT: clayey in part. Stainless steel sleeve.
,,

20-

lOb



Borehole Summary Informationorn] OAK RIDGE NATIONAL LABORATORY

PreDated By: R.N. S_hloms_p Date: 0t/22/g2 Page: i OF i

Holm NO.: SBOg Ground Elevation:

Total OeDth: g' Rig TyDe: Acker AD-2 Location: X-231B

Auger Size: tt 5/B" O.D. Sample TyDe: B"x2' Shelby tube "Calif. method" SS sleeve

Pro)act: PortsmoutN Date Veri?%ed By: D A. PicKerinq Date: 03/19192

s.L_ _ Lt_ DESCRIPTIONR_I I_ INW

O-

AUGER TO 3'
_.I,I

SC SILTY CLAY: loggeO from cuttings, yellow Drown
crumDly

t5

23

a. ta SC SILTY CLAY: as aOove, B0% recovery, samD]e very

t3 |OOS_.

°

ie

t8

e- zo SC SILTY CLAY: ye]low brown, crumbly.

ig

ig

27

8- al CLAY: color as above, silty in oart.

5m

12-

14-

SB-

i

IB-

20-
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Borehole Summary Information
orn] o.RIDGENATIONALLABORATORY

Prepared By: R.M. Schlosser Date: 0t/22/92 Page: t OF 1

Hole NO.: SBtO Ground Elevetlon:

Total Depth: 9' Rig Type: Aclcer AO-2 Location: X-E31B

Auger Size: 11 S/B" I.D. Sample Type: 8"x_' Shelov tube "Calif. method" SS sleeve

Project: Portsmouth Data Verified By: D.A. Pickerino Date: 03/19/92
m.m m"m_ mmmm_.m DESCRIPTION

AUGER TO 3'

SC SILTY CLAY: loggea from cuttings, yellow brown
crumOly

SC SILTY CLAY: as adore, mottled light Orown_sh
gray (IOYR6/2) .

SC SILTY CLAY: as a_ove, appears a]terea to _rown-
ish gray at 6'.

SC SILTY CLAY: as above, higher clay content.

102



Borehole Summary Information
ornl o_RIDGENATIONALLABORATORY

Prepared By: R.M. qchlosser Date: 0t/22/92 Page: i OF,I

Hole No.: SBtl Ground Elevation:

Total OeDth: 6' Rig Tyoe: AcKaP AD-2 Location:. X.23iB

Auger Size: 4.aq" I.D. Sample Type: 3"x2' S_lits_oon "Calif. methDd" SS sleeves

Project: Portsmouth Data Verified By: D.A. Picketing Date: 03/19/92
,, ,

aam_ IQ* lure t.=_ DESCR IPT ION
IMUllrl _ l,w_

0-

..... AUGER TO 2'

_. m,._

'
a _..-'T= "-

12

14

12

4 SC SILTY CLAY: yellowish brown (IOYRB/B), mottled

1!

t4

6-

a-

I0-

12-

14-

la-

i

20-
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Borehole Summary Information
orn] o,_ RIOGE NATIONAL LABORATORY

PraDara_ By: R.M. Schlomeer Date: 01/2_/g2 Page: I OF I

Hole NO.: _Bl_ ....... GrounO Elevation:

Total Oeoth: 7' Rig TyDe: Acker AO-2 Location: X-23iB

Auger Size: 4.25" I.D. SamDle Type: 3"x2' SnlitmooQn "Calif. method" SS sleeves

Project: Portsmouth Data VerifieO By:_Oete: Q3/19/92

L=_ DESCRIPTION

O" _.=...=.==.. ,_

_._,....=m=

...... AUGER TO 2'
....... Drive samDleP to 4.5' for recovlPy.

2.

• e

t5

I?
4- SC SILTY CLAY: yellowish _rown(lOYR6/8), silty in

Dart to very silty,

9

12

6" le
20

e-

t0-

12-

16-

IO-

20-
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Borehole Summary Information
orn ]

Preparea By', J_,H, Schlosser Date: 0t/23/g2 Page: ! OF t

Hole No.: _B13 Ground Elevation:

Total Depth: 5' Rig Type: ACker AD-2 Locatton: X.23tB

Auger Size: tt 5/a" O.O. Sample Type: B"x2' Shelby tube "Calif. method"

Pro)act: portsmouth Data Vertflecl By: b.A. Pickerlno Date: OS/tg/92
i II

I" L_ _ LI_ DESCRIPTION
IBllfl! alltm11 I_ ........ ,,, , , ,, , ,

O" _ .------. _

-.----.__""_'_"-'_'"_ AUGER TO _'

2- _..-_-.m SC SILTY CLAY: loggecJ from cuttzngs, yellowash
Drown (tOYR6/B), s zZty in Dart to very salty,

...... occasaonally mottleO lzgnt brown.

4- te SC SILTY CLAY: as above, Orove Acry ] ic g lass sleeve
whic_ was recovere_ broken, no sample taken,

17

io-

12°

14-

10-

20-
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APPENDIX B. RESULTS OF ON-SITE VOC ANALYSES IN
JANUARY 1992

107



Table B.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by
Envirosurv, Inc. in January 1992.

Summation

Probe and TCE 1,1,1-TCA MC 1,1-DCE 1,1-DCA 1,2-DCE of VOCs

samp_ no. (upp/k$) (ug/k$) (u_flrkg)(u_flkg) (ug/kg) (ug/kg) (ug/kg)
OPOI 2001 6500 1400 3700 11 110 576 12297

2002 25000 4400 73000 110 280 1260 104050
2003 8700 830 1000 6.6 72 20 10629

2004 14000 120 540 22 57 114 14853
2005 6600 93 100 31 68 136 7028
2006 760 55 330 7.9 6.1 58 1217
2007 650 22 57 24 15 10 778
2008 40 3,8 9.8 6.3 1.2 2 63

GP02 2009 370 130 1000 11 58 37 1606
2010 1200 380 36000 9.6 77 19 37686
2011 150 54 340 56 29 164 793
2012 110 10 130 1.3 5.3 22 279
2013 95 17 390 8700 13 243 9458
2014 23 13 340 66 5.0 3 450
2015 340 3.1 180 1800 1.6 74 2399
2016 910 22 1800 800 4 48 3584

GP03 2017 39000 630 28000 27 67 134 67858
2018 77000 1200 76000 27 210 134 154571
2019 17000 700 6300 30 230 142 24402
2020 2700 95 1400 25 62 124 4406
2021 190 61 320 20 49 98 738
2022 160 85 360 24 61 122 812
2023 120 49 61 8.5 8.5 17 264
2024 200 120 560 4.3 37 22 943

GP04 2025 160 310 1500 21 130 106 2227
2026 280 350 200 25 63 126 1044
2027 890 530 130 360 38 14 1962
2028 590 320 140 570 15 13 1648
2029 240 120 53 790 5.9 29 1238
2030 300 200 68 520 6.3 23 1117
2031 430 350 160 470 16 33 1459
2032 170 140 70 180 5.7 19 585

Jan 92 P-VOCs 10-29-93 109



Table B.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by
Envirosurv, Inc. in January 1992. (continued)

I II I Illlll Ill Ill Illl Ill Illlllfl I I I

Summation

Probe and TCE 1,1,1-TCA MC 1,1-DCE 1,1-DCA 1,2-DCE of VOCs

sample no. (ug/k_) (u_,_! (u_,/k$) (ug/k_) (ug/kg) , (u_/k_) (u_/kg)
GP05 2033 140 62 8400 540 1.6 17 9161

2034 50 9.9 120 420 18 44 662
2035 120 13 46 510 7 14 710
2036 350 17 8.1 370 4.8 52 802
2037 380 19 14 360 5.1 11 789
2038 1000 16 420 1.6 4.4 7 1449
2039 730 82 35 250 5.2 185 1287
2040 510 74 30 220 4.8 413 1252

GP06 2041 20 39 160 240 24 10 493
2042 46 48 270 110 23 29 526
2043 54 11 38 300 5.8 53 462
2044 750 170 410 130 5.3 125 1590
2045 370 90 70 320 5 43 898
2046 530 160 160 240 4.7 49 1144

2047 1400 160 1100 220 12 232 3124
2048 1000 330 1900 6.7 33 101 3371

GP07 2049 320 250 180 210 5.5 14021 14987
2050 1200 830 430 19 67 3 2549
2051 960 820 360 150 7 8 30 2398
2052 740 890 320 300 47 104 2401
2054 120 610 170 380 9.4 93 1382
2055 28 610 250 350 15 111 1364
2056 87 330 250 280 8.3 39 994

GP08 2057 9.4 7.8 34 300 12 24 387
2058 9.4 15 77 78 5.6 25 210
2059 3.3 3.6 12 79 4.9 10 113
2060 3.7 2.1 9.8 220 0.93 12 249
2061 0.32 0.45 4.9 0.79 0.79 2 9
2062 5.1 2.6 6.6 400 0.95 15 430
2063 20 2.8 3.5 1900 3.5 134 2064
2064 16 3.3 2.5 290 3.8 7 323
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Table B.1. Rcsul_ of on-siR analyses for VOCs conduced on Gcoprobe sanaplcs collcc_d by
Env_osurv, Inc. in January 1992. (continued)

I I

Summation

Probe and TCE 1,1,1-TCA MC 1,1-DCE 1,1-DCA 1,2-DCE of VOCs

sample no. (ug/kg) (ug/kg) (ug/kg) (UP_/kD (ug/kg) (ug/kg) (ug/kg)
GP09 2065 670 290 2100 31 29 13 3133

2066 260 160 150 330 38 17 955
2067 210 180 170 180 34 22 796
2068 110 110 110 170 15 25 540
2069 11 5.7 14 140 6.8 14 192
2070 13 15 9.3 170 2.1 35 244
2071 99 61 49 160 5.2 34 408
2072 27 21 22 79 1.7 25 176

GP10 2073 1000 330 7000 3.7 59 21 8414
2074 380 120 340 1.9 31 22 895
2075 510 51 61 1.9 17 20 661
2076 620 150 180 1.8 28 46 1026
2077 520 150 84 3.2 16 35 808
2078 68 37 8.9 8.9 22 44 189
2079 800 230 1200 2.9 28 85 2346
2080 " 700 200 410 2.7 16 8 1337

GP11 2081 1800 400 4900 2.2 48 116 7266
2082 2400 680 110 5.2 23 97 3315
2083 3500 280 200 4.2 21 28 4033
2084 3400 15 32 9300 10 9 12766
2085 8600 20 250 500 9.1 18 9397
2086 1400 9.8 21 670 13 41 2155

2087 710 6.9 11 76 11 22 837
2088 450 41 20 940 4.6 60 1516

GP12 2089 610 230 560 2.2 50 11 1463
2090 800 400 590 5.2 75 62 1932
2091 1600 460 1600 4 80 490 4234
2092 620 160 550 4.3 58 36 1428
2093 170 61 120 4.3 11 22 388
2094 1000 130 160 3.9 26 20 1340
2095 920 70 110 1.5 19 127 1248
2096 580 94 380 3.4 9.7 10 1077
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Table B.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by
Envirosurv, Inc. in January 1992. (continued)

I I I I I II Ill IHll I H I II I IIH

Summation

Probe and TCE 1,1,1-TCA MC 1,1-DCE 1,1-DCA 1,2-DCE of VOCs

sampleno. (ug/k_) (ug/kg) (ug/k_) (ug/kg), (ug/kg! (ug/kg) (ug/kg)
GP13 2097 10000 2400 3200 3.6 30 1609 17243

2098 5100 820 15000 4.5 18 151 21094
2099 20000 2700 660 60 10 18 23448
2100 7200 130 1000 150 51 437 8968
2101 5700 60 360 26 20 520 6686
2102 4500 38 38 330 25 50 4981
2103 370 28 25 430 25 50 928

2104 330 26 23 390 23 46 838
GP14 2105 5200 630 1500 4.8 50 312 7697

2106 19000 4200 40(0 4.7 47 762 64014
2107 2500 590 4000 3.8 32 250 7376
2109 25 17 31 3.4 8.5 17 102
2110 220 120 110 3.7 9.2 18 481
2111 520 14 140 2.4 5.9 116 798
2112 2600 160 2600 5.5 11 1414 6791

GP15 2113 370 210 750 2.5 11 21 1365
2114 430 250 380 50 18 26 1154

2115 1100 370 1200 71 24 94 2859
2116 1000 240 6100 460 15 1405 9220
2117 2300 410 7700 92 15 3606 14123
2118 2100 350 8800 550 23 7808 19631
2119 1900 540 3000 25 85 1414 6964
2120 280 100 220 94 28 35 757

GP16 2121 2000 1100 32000 98 130 763 36091
2122 13 74 57 8.3 7.2 14 174
2123 39 410 170 12 31 62 724
2125 11 5.6 4.3 29 1.6 3 55
2126 33 24 8.6 52 2 4 124
2127 28 28 12 140 3.7 4 216
2128 400 510 810 3.9 63 20 1807

GP17 2129 1800 500 7.7 1 2.5 1003 3314
2130 35 42 20 8.6 2.1 18 126

i 2131 76 19 30 0.86 3.8 8 138
2132 52 2.3 15 9.2 2.1 4 85
2133 21 1.6 22 8.0 1.5 3.0 57
2134 8.9 2.3 14 11 2.4 5 44
2135 13 3.5 140 18 1.7 4 180
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i

TableB.I.Resultsofon-siteanalysesforVOCs conductedonGeoprobesamplescollectedby

Envirosurv,Inc.inJanuary1992.(continued)

II

Summation

Probe and TCE 1,1,1-TCA MC 1,I-DCE 1,1-DCA 1,2-DCE of VOCs

sample no. (u_/kg) (u_/k_) (ug/kg) (u_/k_) (u_/kl_) (ug/k_) (ug/kg)
GPI8 2137 67 130 27 7.8 8.3 5 245

2138 6100 3500 850 6.2 21 1203 11680
2139 1200 550 1100 4.7 21 872 3748
2140 640 170 99 4.7 12 342 !.268
2141 1200 110 210 5.8 16 30 1572
2142 32 25 26 4.9 12 24 124
2143 800 200 510 4 33 54 1601
2144 840 330 510 4.8 62 342 2089

GP19 2145 23 180 31 6.7 26 34 301
2146 360 320 42 6.5 36 32 797
2147 1700 450 400 5.4 18 39 2612
2148 1000 190 280 5.1 25 38 1538
2149 130 22 48 4.8 12 24 241
2150 88 49 86 1200 2.7 5 1431

2151 290 85 100 1500 2.3 10 1987
2152 400 120 140 2100 10 13 2783

GP20 2153 3400 900 3400 8.3 55 42 7805

2154 1400 370 150 5.5 30 29 1985

2155 900 200 5200 I 15 44 6360

2156 630 54 94 2.I 17 11 808

2157 54 14 I0 2.2 3.0 II 94

2158 330 51 52 I 4.0 5 443
2159 290 28 17 I 12 303 651

2160 490 130 290 5.6 9.2 15 940
GP21 2161 2.8 44 10 3.6 17 263 340

2162 250 160 190 1 14 29 644
2163 390 170 380 1.3 16 47 1004
2165 140 140 570 1 12 36 899
2166 94 !20 110 1 6.7 29 361
2167 630 160 2200 2.4 14 95 3101
2168 190 770 580 9.1 10 87 1646
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Table B.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by
Envirosurv, Inc. in January 1992. (continued)

l i i llil l ii ill iliil ii ii iliilli I i

Summation

Probe and TCE 1,1,1-TCA MC 1,1-DCE 1,1-DCA 1,2-DCE of VOCs
I

, , sample no. (u_/k_! (ug/k_) , (u_/k_) (u_jk_) , (u_/k_) (u_Jk_) !u_c_)
GP22 2169 7.6 3.7 38 7900 2.6 34 7986

2170 3.1 8.9 7.7 970 7.1 13 1010
2171 330 170 61 1300 13 8 1882
2172 150 23 130 430 21 19 773
2173 2.7 23 40 51 6.5 10 133
2174 4.7 58 81 360 6.7 6 516
2175 16 4.8 2.1 4300 2.1 4 ' 4329

2176 1.8 4.8 16 670 4.5 9 706
GP23 2177 6.2 4.6 4.6 4400 4.6 9 4429

2178 26 13 13 14000 13 32 14097

2179 7.6 4.4 4.3 4300 4.3 9 '; 4330
2180 1.5 5.5 5.5 4800 5.5 11 _ 4829
2181 16 2.6 2.3 4200 2.3 9 4232
2182 7.6 7.2 5.9 280 4.1 8 313
2183 26 17 13 3700 4.3 24 3784
2184 14 4.8 4 3500 4 8 3535

GP24 2185 3000 760 1700 7.2 24 358 5849

2186 3500 540 11000 3.5 29 1109 16182
2187 9600 1200 2900 13 57 590 14360
2188 5700 900 12000 6.8 75 1117 19799
2189 1800 14 29 3.8 9.3 21 1877
2190 390 21 66 5.3 13 26 521
2191 440 170 85 1.6 3.9 19 720
2192 800 67 130 1.9 4.8 33 1037
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Table B.2 Statistics of on-site VOC measurements collected in January 1992

I I I

Statistics of VOC levels Summation

TCE 1,1,1-TCA MeCI 1,1-DCE 1,1-DCA 1,2-DCE of VOCs

(ug/kg) (ug/kg) (ug/kg) (ugg) (ug/kg) (ugg) (ug/kg)
Count 187 187 187 187 187 187 187

Average 2126 292 2392 535 25 274 5644
Std. Dev. 7046 600 9173 1661 37 1216 15727

%RE 331 206 384 310 144 443 279
Minimum 0 0 2 1 1 2 9

25th% 61 21 32 5 5 14 648
Median 380 110 150 25 13 32 1340

75th% 1000 325 565 300 29 109 4133
Maximum 20000 4200 40000 14000 130 7808 64014

Average conc. (%) (%) (%) (%) (%) (%) (%)
as % of total 37.7 5.2 42.4 9.5 0.5 4.9 100

Correlation matrix of target compounds
TCE TCA MeCL 1,1-DCE 1,1-DCA 1,2-DCE Summation

TCE 1.00 0.48 _ 0.77 -0.07 0.59 0.04 0.91
TCA 0.48 1.00 0.59 -0.13 0.52 0.14 0.59

MeCL 0.77 0.59 1.00 " -0.07 0168 0.10 0.95

1,1-DCE -0.07 -0.13 -0.07 1.00 -0114 -0.04 0.02
i

1,I-DCA 0.59 0.52 0.68 -0.14 1.00 0.04 0.68
1,2-DCE 0.04 0.14 0.10 -0.04 0.04 1.00 0.15

Summation 0.91 0.59 0.02 0.67 0.15 1.00

Correlation of compound with summation of VOCs
r2 0.83 0.35 0.90 0.00 0.45 0.02 1.00

Pearson, r 0.91 0.59 0.95 0.02 0.67 0.15 !.00

i

Notes:

(1) The data presented are a major subset of the Geoprobe samples collected in January 1992.
(2) The VOC results are reported on the basis of field moist soil weight.
(3) The VOCs were measured on-site using a heated headspace GC method.
(4) In this tabulation and analysis, non-detects were set equal to the MDL.
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APPENDIX C. RESULTS OF OFF-SITE VOC ANALYSES IN
JANUARY 1992
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C.1 ExplanatoryNoteson Off.siteLaboratoryAnalysisofVOCs

In theJanuary1992 baselinecharacterizationstudy,soilsampleswerecollectedfrom
approximately20% ofthesamplelocationsforanalysisforVOCs byORNL ACD usingGC/MS
methods.Forthesesamples,40-mLDynatechvialswereutilizedtocontainerizesamplesfor
shipmenttoORNL ACD. These40-mLvialsarespecificallydesignedtobedirectlyconnectedtoa
purge-and-trapinstrument.ThevialshaveTeflonsepiaonbothendsandaporousdiskwithinthe
vialfordistributionofthepurgegas.Thevialsareintendedtobeusedonanautosampler.The
purgegasisinjectedintothevialthroughthebottomseptaandflowsoutofthevialthroughthetop
septa.ThisconfigurationisreportedtoenhancetherecoveryefficiencyofsoilVOCs. Theinfield
containerizationin these vials also is intendedto eliminatethe needfor soil sample transfer in the
laboratory,a knownmechanismfor loss of volatileanalytessuchas TCE. Inthis work,however,
ORNL ACD did not have a functioning autosamplerand the Dynatechvials were necessarily
opened in the laboratory, the top and bottom caps removed, and the vials then attached to the
purge-and-trapinstrument. The soil samplewas notremovedfromthe vial or otherwisedisturbed.

In the field, ~ 5 mL of moist soil was collected usinga stainlesssteel coring device andextruded
into each Dynatech vial. Thevials were sealed andcooled to 4°C duringshipmentoff-site and for
pre-analytical storageat ORNL. The tareweightsof the emptyvials hadbeenmeasuredandit was
intended that the laboratory would weigh the vial filled with sample. However, due to a
miscommunication,the loadedvials werenotreweighedand theORNLACD labanalyst assumed
that each vial contained exactly 5 g of field moist soil, and the concentrationsof VOCs were
reported on that basis. When this errorcame to light, an effort was made to estimate the soil
sampleweights after the fact asfollows.

The samples analyzed for VOCs were recovered,dried (in theirvials), and weighed in their
containers. Informationon the moisture contentwas availablefromcompanionsamples, takenat
the same place and time. In each case, the lab VOC sample and the companion sample were
collected adjacentto each otherin the same Geoprobe®1-ft sample interval. These soil samples
were weighed in their vials before and after drying; subtractionof the tare weights of their
respective containersthen yielded the moist anddry sample weights for the companion samples.
Underthe assumption that the ratios fo these wieghts were the same for the correspondinglab
samplesat the time of analysis, multiplicationof thedrylabsamples bytherespective weightratio
yieldedthe estimatedmoist weightsof the labVOCsamples.

Since the VOCconcentrations reported by ORNLACD werebasedon an assumed moist sample
weightof 5 g, the reportedVOCconcentrationshadto be correctedby the following equation:

actual ug VOC per kg moist soil = correctionfactor * reported ug VOCper kg moist soil (C.1)

where,

correction factor = (assumed 5 g weight) / (moist weight of lab sample) (C.2)

Thus, the corrected VOC concentrationsshown in Table C.2 were computedfromthe lab reported
VOC concentrations shown in Table C.1 multiplied by the corresponding correction factor
determined according to Eq. C.2. The computed correctionfactors are shown in Table C.2.
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Table C.1. Summary of reported results of off-site VOC analyses of soil samples collected in January 1992.
(Sample resultsreportedon a field moist basis, assuming5 g of soil was containerizedin the analysisvessel. Referto TableC.2 forcorrection).

SAMPLE SAMPLE SOILBORING DEIrI'H I,I-DCE MC 1,2-DCE I,I-DCA I,I,I-TCA TCE Acetone CT I_-DCA PCE TOL Eli XYLOTIIERVOCS

No. DATE OR_OBE (_) (_lJkl) (_) (usAs) _u_,r_ (u_s) (_) (_s) (uF,_O (_) (_) (es_) (us_s_ (u_,0 (_)

1035 1/20/92 SB06 9-10 5 U 5 U 5 U 5 U 5 U 5 U 637 B 5 U 5 U 5 U 5 U 5 U 5 U 2-Butmene 10

1049 1/20/92 SB07 9-10 30 5 U 5 U 5 U 5 U 8 28 B 5 U 5 U 5 U 5 U 5 U 5 U

1051 1/20#)2 SB07 10-11 5 U 5 U 5 U 5 U 5 U 5 U 80 B 5 U 5 U 5 U 5 U 5 U 5 U

1064 1#21#)2 SB08 9.11 5 U 5 U 5 U 9 5 U 5 U 21 B 5 U 5 U 5 U 5 U 5 U 5 U

1072 1/22/92 SB09 3-5 87 10 5 U 46 113 750 E 44 B 18 5 U 5 U 5 U 5 U 5 U

1074 1/22/92 SB09 5-7 5 U 10 5 U 5 U 5 U 6 350 BE 5 U 5 U 5 U 5 U 5 U 5 U

1075 1/22/92 SB09 7-9 93 6 5 U 113 5 U 153 61 B 5 U 5 U 5 U 5 U 5 U 5 U 2-Butmmie 12

1077 1/22/92 SBI0 3-5 72 5 U 5 U 54 533 E 125 67 B 5 U 5 U 18 7 43 113 2-Bulmne 12

1078 1/22/92 SBI0 5-7 9 7 5 U 29 22 331 E 148 B 5 U 5 U 5 U 5 U 5 U 5 U 2-Betlil_e 18

1080 1/22#)2 SBI0 7-9 5 U 6 5 U 5 U 5 U 38 297 BE 5 U 5 U 5 U 5 U 5 U 5 U

1083 1/22/92 SBI1 4-5 5 U 5 5 U 5 U 24 32 406 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Butlmene 10

1086 1/22/92 SBII 6-7 5 U 5 U 5 U 5 U 5 U 5 46 B 5 U 5 U 5 U 5 U 5 U 5 U

1097 1/23#)2 SBI2 4-5 13 9 B 5 U 26 44 56 609 BE 7 5 U 5 U 5 U 5 U 5 U 2-Butmlme 16

1101 1/23/92 SBI2 6-7 5 U 5 U 5 U 5 U 12 5 U 74 B 5 U 5 U 5 U 5 U 5 U 5 U

2065 1/18/92 GP09 0-1 19 5 U 5 U 18 284 E 275 E 2118 BE 5 U 5 U 9 16 5 U 5 U 2-Butmene 174

2066 1/18/92 GP09 3-4 5 U 5 U 5 U 5 U 26 16 1162 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Butmlme 33

2067 1/18/92 GP09 6-7 5 U 5 U 5 U 5 U 25 12 1219 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Bmilmne 15

2068 1/18/92 GP09 9-10 43 5 U 5 U 17 136 89 48 B 23 5 U 5 U 5 U 5 U 5 U 2oButumne 10

2069 1/18/92 GP09 12-13 6 5 U 5 U 5 U 18 8 723 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Bumilme 11

2070 1/18#)2 GP09 15-16 5 U 5 U 5 U 5 U 5 U 5 U 707 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Butmmne 10

2071 1/18/92 GP09 18-19 5 U 5 U 5 U 5 U 5 U 5 U 23 B 5 U 5 U 5 U 5 U 5 U 5 U 2-Betmene 6 B

2129 1/27./92 GPl7 0-1 5 U 6 5 U 5 U 6 6 I9 B 5 U 5 U 5 U 5 U 5 U 5 U

2130 1/22/92 GP17 3-4 5 U 5 U 5 U 5 U 6 5 U 47 B 5 U 5 U 5 U 5 U 5 U 5 U

2131 1/22/92 GPl7 6-7 5 U 6 U 5 U 5 U 5 U 5 U 290 BE 5 U 5 U 5 U 5 U 5 U 5 U Chlor_onn 9

2132 1/22/92 GPI7 9-10 131 5 U 5 U 5 U 5 U 422 E 79 B 5 U 5 U 5 U 5 U 5 U 5 U

2133 1/22/92 GPI7 12-13 5 U 5 U 5 U 5 U 5 U 5 U 11 B 5 U 5 U 5 U 5 U 5 U 5 U

2134 1/27292 GPI7 15-16 12 5 U 5 U 5 U 5 U 27 26 B 5 U 5 U 5 U 5 U 5 U 5 U

2135 1/22#)2 GPI7 18-19 5 U 5 J 5 U 5 U 5 U 5 U 23 B 5 U 5 U 5 U 5 U 5 U 5 U

2185 1/24792 GP24 0-1 5 U 5 U 5 U 5 U 21 37 116 B 5 U 5 U 5 U 5 U 5 U 5 U

2186 1/24t92 GP24 34 5 U 5 U 5 U 5 U 104 571 E 671 BE 5 U 5 U 19 5 U 5 U 5 U 2-Butmone 26

2187 1/24/92 GP24 6-7 5 U 5 U 5 U 5 U I0 141 482 BE 5 U 5 U 5 U 5 U 5 U 5 U 2-Buimcne 17

2188 1/24/92 CdY24 9-10 5 U 5 U 5 U 5 U 5 U 613 E 39 B 5 U 5 U 5 U 5 U 5 U 5 U 2-1klmene 20

2189 1/24/92 GP24 12-13 5 U 5 U 5 U 5 U 5 U 77 434 BE 5 U 5 U 5 U 5 U 5 U 5 U

2190 1/24/92 GP24 15-16 5 U 5 U 5 U 5 U 5 U 12 293 BE 5 U 5 U 5 U 5 U 5 U 5 U

2191 1/24792 GP24 18-19 5 U 5 U 5 U 5 U 15 230 E 10 U 5 U 5 U 5 U 5 U 5 U 5 U

2192 1/24/92 GP24 21-22 5 U 5 U 5 U 5 U 6 67 30 B 5 U 5 U 5 U 5 U 5 U 5 U

NOTES:

(1) VOC$ identified soil smnples collected from the X-231B Unit dutinll January 1992 and sit to ORNL ACD for analysis by GC/MS according to EPA method SW5030/!1240.

(2) Qualifiers shown by the numbeil: _ indicates VOC analyzed for but net detected at qumtilation limit showi_ "Jr"indicates that the quantitative vllue is estimated.

"B" indicates the compound was detected in both the sample and its associated blank. '_E" indkales that the lepmted concenimlion exceeded the calibrliiml range.

(3) Results are nq_u_ on the basis of field moist soil weight.
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Table C.2. Summary of corrected results of off-site VOC analyses of soil samples collected in January 1992.

WEIG 'HTSOIL Summation

SAMPLE BORING/ DEPTH CORR. I,I-DCE MC 1,2-DCE I,I-DCA I,I,I-TCA TCE of VOCs

NO.. PROBE (ft) FACTOR ............ (uyk_)
1035 SB0_ 9-10 0.82 5 5 5 5 5 5 30
1049 SB07 9-10 0.8 24 5 5 5 5 6 50

1051 SB07 10-11 0.49 5 5 5 5 5 5 30

1064 SB08 9-11 0.58 5 5 5 5 5 5 30
1072 SB09 3-5 0.73 64 7 5 34 83 549 742
1074 SB09 5-7 1.15 5 11 5 5 5 7 38

1075 SB09 7-9 0.73 68 5 5 82 5 112 277

1077 SB10 3-5 0.68 49 5 5 37 365 85 546

1078 SB10 5-7 0.92 8 6 5 27 20 306 372

1080 SBI0 7-9 0.68 5 5 5 5 5 26 51
1083 SBII 4-5 0.71 5 5 5 5 17 23 60

1o86 SB11 6-7 o.s7 5 5 5 5 5 5 30
1097 SB12 4-5 0.85 11 8 5 22 37 48 131
1101 SB12 6-7 0.57 5 5 5 5 7 5 32

2065 GP09 0-1 0.51 10 5 5 9 144 139 312

2066 GP09 3-4 0.48 5 5 5 5 12 8 40

2067 GP09 6-7 0.42 5 5 5 5 11 5 36
2068 GP09 9-I0 0.32 14 5 5 5 43 28 I00

2069 GP09 12-13 0.44 5 5 5 5 8 5 33

2070 GP09 15-16 0.58 5 5 5 5 5 5 30

2071 GP09 18-19 0.31 5 5 5 5 5 5 30

2129 GPI7 0-1 0.39 5 5 5 5 5 5 30

2130 GPI7 3-4 0.51 5 5 5 5 5 5 30

2131 GPI7 6-7 0.57 5 5 5 5 5 5 30

2132 GPI7 9-I0 0.56 74 5 5 5 5 238 332

2133 GP17 12-13 0.58 5 5 5 5 5 5 30

2134 GPI7 15-16 0.56 7 5 5 5 5 15 42

2135 GPI7 18-19 0.48 5 5 5 5 5 5 30

2185 GP24 0-1 0.71 5 5 5 5 15 26 61
2186 GP24 3-4 0.48 5 5 5 5 50 275 345

2187 GP24 6-7 0.78 5 5 5 5 8 109 137

2188 GP24 9-10 0.52 5 5 5 5 5 318 343

2189 GP24 12-13 0.71 5 5 5 5 5 55 80

2190 GP24 15-16 0.62 5 5 5 5 5 7 32

2191 GP24 18-19 0.53 5 5 5 5 8 123 151
2192 GP24 21-22 0.58 5 5 5 5 5 39 64

i i i i

Notes-

(1) Target VOCs identifiedin soil samplescollectedfromtheX-231B UnitduringJanuary1992

andsent to ORNLACD for analysisby GC/MS accordingto EPA method SW5030/8240.

(2) Sample resultsarereportedon a field moistbasis,after correctingfor actual
weight of samplecontainerizedin the analysisvessel.

(3) Correction= Reportedug/kg * (analystassumed5 g moistwt.)/(measuredmoist sample wt.)

(4) For non-detectsCU"), any reportedvaluewas set equal to theuncorrectedMDL

aftersampleweight correctionwas made (MDL typically5 ug/kg).
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Table C.3. Summary of off-site analyses made for radiological contamination in soil samples
collected during January 1992.

....... Gross ' Gross
Depth alpha beta Total uranium

Probe no. Sample no. fit) (Bq/kg) (Bq/kg) (mg/kg)
i Iiii iii i i iiiii

GP01 2001 0-1 540 950 1.191
+/-350 +/-410

GP01 2002 3-4 800 1100 1.086
+/- 400 +/-400

GP01 2003 6-7 620 1500 1.158
+/- 420 +/- 600

GP01 2005 12 - 13 500 1000 0.845
+/- 420 +/- 600

GP24 2185 0 - 1 1100 970 1.245
+/- 700 +/- 7400

GP24 2186 3 - 4 850 1200 0.862
+/- 500 +/- 600

GP24 2187 6- 7 830 980 0.612
+/- 380 +/-360

GP24 2189 12- 12 580 1300 1.048
+/- 360 +/- 500
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APPENDIX D. RESULTS OF ON-SITE VOC ANALYSES IN
APRIL 1992
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Table D. 1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Total VOC

NO. DATE LOCATION (fO (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)

3001 4/22/92 S1C-02 1-2 2000 50 < 3.1 89 940 150 230 3459

3002 4/22D2 SIC-05 4-5 4900 < 13 < 13 190 420 27 400 5937

3002 Dup 4/22492 SIC-05 4-5 4300 < 12 < 12 180 350 13 190 5033
3003 4/22/92 SIC-09 8-9 1500 30 < 12 28 7.0 5.9 37 1607.9

3004 4/22/92 SIC-14 13-14 20 5.3 < 1.0 5.1 1.5 1.5 7.5 40.9

3005 4/22D2 SIB-02 1-2 1400 8000 < 11 170 380 50 300 10300

3006 4/22492 SIB-05 4-5 3000 < 9.5 < 9.5 130 220 23 520 3893

3007 4/22/92 SIB-09 8-9 1100 33 < 11 75 43 21 280 1552

3007Dup. 4/22/92 SIB-09 8-9 930 30 < 7.7 61 39 21 280 1361
3008 4/22/92 SIB-14 13-14 82 48 < 9.1 < 9.1 < 9.1 3.1 24 157.1

3009 4/23/92 SIB-BI-42392-1 Equip Blk. < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0
3010 4/23/92 S ID.4Y2 1-2 26000 < 29 < 29 310 760 510 850 28430

3010Dup. 4/23/92 SID-02 1-2 8000 68 < 20 130 220 310 600 9328
3011 4/23/92 S ID-05 4-5 3500 < 20 < 20 230 160 360 230 4480

3012 4/23/92 S ID-09 8-9 620 600 31 160 17 200 590 2218
3013 4/23/92 SID-14 13-14 400 < 10 14 90 7.7 35 280 826.7

3014 4/23/92 SIA-02 1-2 1100 880 140 110 98 230 640 3198

3015 4/23/92 S !A-05 4-5 4300 < 20 < 20 200 190 380 1100 6170

3016 4/23/92 S1A-09 8-9 280 530 34 140 42 170 790 1986

3017 4/23/92 SIA-14 13-14 300 < 20 51 26 6.2 23 220 626.2

3017 Dup. 4/23/92 SIA-14 13-14 320 < 24 < 24 45 7.1 25 230 627.1
3018 4/23/92 S IE-02 1-2 10000 < 22 < 22 240 510 720 1100 12570

3019 4/23/92 S IE-05 4-5 4000 < 20 37 190 190 420 900 5737

3020 4/23/92 S1E-09 8-9 910 < 20 < 20 230 14 130 680 1964.

3021 4/23/92 SIE-14 13-14 400 280 63 26 21 31 75 896
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Table D.I. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

I

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Total VOC

NO. DATE LOCATION (ft) (eg/kg) (ng/kg) ,'ng/k8) (eg/kg) (ng/kg) (ug/kg) (ug/kg) (ug/k8)

3022 4/23/92 P2C-02 1-2 2700 < 22 < 22 350 65 280 480 3875

3023 4/23/92 P2C-05 4-5 350 120 < 19 120 22 63 1, 0 845

3023 Dup. 4/23/92 P2C-05 4-5 700 800 < 20 130 21 94 200 1945
3024 4/23/92 P2C-09 8-9 730 370 51 290 35 110 560 2146

3025 4/23/92 P2C-14 13-14 540 250 49 310 38 180 540 1907

3026 4/23/92 P2E-02 1-2 7700 < 2 ! < 21 200 220 580 750 9450

3027 4/23/92 P2E-05 4-5 1600 18 < 19 210 41 140 485 2494
3028 4/23/92 P2E-09 8-9 350 255 34 220 27 30 490 1406

3029 4/23/92 P2E- 14 13-14 270 220 28 240 37 110 490 1395
3030 4/24/92 P2E-RI42492-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0

3031 4/24/92 P2D-02 1-2 11000 < 26 < 26 310 240 690 710 12950
to
o_ 3031 Dup. 4/24/92 P2D-02 1-2 8900 < 21 < 21 220 230 610 630 10590

3032 4/24/92 P2D-05 4-5 1800 < 22 < 22 220 59 250 450 2779

3033 4/24/92 P2D-4)9 8-9 320 200 23 530 160 13 350 1596

5034 4/24/92 P2D-14 13-14 220 < 17 < 17 120 < 17 66 150 556

3035 4/24/92 PIA-02 1-2 2200 < 26 < 26 180 120 570 660 3730

3035 Dup. 4/24/92 PIA-02 1-2 770 < 19 < 19 150 54 300 400 1674
5036 4/24/92 P1A-05 4-5 550 340 < 33 81 57 85 730 1843

3037 4/24/92 PIA-09 8-9 680 < 29 < 29 370 420 600 1800 3870

3038 4/24/92 PIA-14 13-14 42 99 55 < 29 < 29 16 93 305

3039 4/24/92 P1B-02 1-2 4000 190 < 30 160 280 940 840 6410

3040 4/24/92 PIB-05 4-5 290 38 < 28 160 22 89 430 1029

3041 4/24/92 PIB-09 8-9 270 320 < 27 100 260 53 580 1583

3041 Dup. 4/24/92 PIB-09 8-9 32 93 < 31 31 140 < 3.1 320 616
3042 4/24/92 PIB-14 13-14 < 28 120 30 < 28 < 28 3.7 31 184.7
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Table D.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA _ TotalVOC

NO. DATE LOCATION (ft) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (eg/kg) (ug/kg) (ug/kg)

3043 4/24/92 TE2C-02 0-2 1800 210 < 29 110 31 410 260 2821
3044 4/24/92 TE2C-05 4-5 5900 < 28 < 28 390 60 980 530 7860
3044 Dup. 4/24/92 TE2C-05 4-5 760 120 < 31 360 52 810 410 2512
3045 4/24/92 TE2C-09 8-9 110 82 < 29 130 < 29 76 70 468
3046 4/24/92 TE2C-14 13-14 220 110 < 29 130 < 29 140 120 720
3047 4/25/92 TE2D-02 1-2 3100 < 31 < 31 180 86 1000 360 4726
3047 Dup. 4/25/92 TF2D-02 1,2 7000 < 26 < 26 270 170 1200 540 9180
3048 4/25/92 TE2D-05 4-5 77000 < 31 < 31 570 540 11000 3800 . 92910
3049 4/25/92 TE2D-09 8-9 < 27 3900 < 27 160 54 870 140 5124
3050 4/25/92 TE2D-14 13-14 < 30 520 < 30 < 30 < 30 150 14 684
3051 4/25/92 TE2C-RI42492-1 Rinse.ate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0

..a 3052 4/25/92 TE2E-02 1-2 15000 < 27 < 27 550 130 1300 530 17510
3053 4/25/92 TE2E-05 4-5 13000 < 30 < 30 320 110 1600 690 15720
3054 4/25/92 TE2E439 8-9 2000 < 30 < 30 220 75 1000 280 3575
3055 4/25/92 TE2E-14 13-14 2000 31 <26 200 81 ll00 2(30 3672
3056 4/25/92 IE2C-02 1-2 12000 140 < 44 540 190 6500 1000 20370
3057 Dup. 4/25/92 IE2C-05 4-5 35000 < 38 < 38 440 370 29000 2500 67310
3058 4/25/92 IE2C-09 8-9 380 182 63 46 < 33 360 22 1053
3059 4/25/92 IE2C-14 13-14 < 34 150 < 34 < 34 < 34 150 5.9 305.9
3060 4/25/92 IE2D-02 1-2 12000 150 180 320 310 5400 670 19030

3060 Dup. 4/25/92 IE2D-02 1-2 6700 240 < 42 220 170 11000 840 19170
3061 4/25/92 IE2D-05 4-5 1400 150 < 40 170 200 3600 830 6350
3062 4/25/92 IF2D-09 8-9 220 < 43 < 43 < 43 < 43 270 16 506
3063 4/25/92 IE2D-14 13-14 < 9.0 120 < 9.0 < 9.0 < 9.0 4.1 9.1 133.2

3064 4/25/92 IE2E-02 1-2 700 39 < 39 140 76 2000 300 3255
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Table D.1. Results of on-site analyses for VOCs conductedon Geoprobe samplescollected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE To,m]VOC

NO. DATE LOCATION (ft) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/k8) (ug/kg) (ug/kg)
i

3065 4/25/92 IE2E-05 4-5 850 68 < 41 190 160 9100 670 11038

3066 4/25/92 IE2E-09 8-9 500 160 < 41 < 41 < 41 550 24 1234

3067 4/25/92 IE2E-14 13-14 52 110 79 < 19 < 19 87 6.4 334.4

3068 4/26/92 DID-02 1-2 34000 < 31 < 31 660 170 15000 17000 66830

3069 4/26/92 DID-05 4-5 33000 < 20 < 20 280 240 17000 21000 71520

3069 Dup. 4/26/92 DID-05 4-5 25000 < 23 < 23 410 240 12000 12000 49650
3070 4/26/92 DID-09 8-9 20000 < 20 < 20 170 170 4100 3200 27640

3071 4/26/92 DID-14 13-14 13000 < 18 < 18 110 110 2800 360 16380

3072 4/26/92 DID-18 17-18 8000 < 24 < 24 24 28 900 80 9032

3073 4/26/92 IE2E-42492-1 Rinse.ate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 0.37 < 0.2 0.37

3074 4/26/92 C2B-02 1-2 47000 < 20 < 20 600 670 12000 21000 81270t.,,,,t

t,o
oo 3075 4/26/92 C2B-05 4-5 3200 38 < 25 330 32 760 11000 15360

3076 4/26/92 C2B-09 8-9 65 < 22 < 22 25 < 22 35 29 154

3076 Dup. 4/26/92 C2B-09 8-9 66 26 40 < 19 < 19 36 29 197
3077 4/26/92 C2B-14 13-14 62 < 22 < 22 < 22 < 22 33 12 107

3078 4/26/92 C2A4)2 1-2 6900 130 < 26 390 76 6000 11000 24496

3078 Dup. 4/26/92 C2A-02 1-2 6600 210 < 19 270 340 6100 11000 24520
3079 4/26/92 C2A-05 4-5 290 < 27 < 27 290 200 370 280 1430

3080 4/26/92 C2A-09 8-9 70 45 < 24 84 30 52 140 421

3081 4/26/92 C2A-14 13-14 22 28 < 12 < 12 < 12 13 7.8 70.8

3082 4/26/92 IE 1A-02 1-2 18000 < 22 < 22 290 270 6300 4500 29360

3082 Dup. 4/26/92 IEIA-02 1-2 14000 < 21 < 21 230 170 3800 2300 20500
3083 4/26/92 IEIA-05 4-5 7800 < 20 < 20 230 110 3200 2900 14240

3084 4/26/92 IEIA-09 8-9 17000 < 20 < 20 200 180 4000 2900 24280

3085 4/26/92 IEIA-14 13-14 15000 < 18 < 18 80 120 4600 290 20090
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Table D.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE TotalVOC

NO. DATE LOCATION fit) (ug/kg) (ng/kg) (ug/kg) (ug/kg) (ug/kg) (ng/kg) (ug/kg) (ug/kg)

3086 4/27/92 IEIA-42792-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0
3087 4/27/92 IEIB-02 1-2 61000 < 22 < 22 500 690 22000 16000 100190
3088 4/27/92 IEIB-05 4-5 14000 < 26 < 26 460 300 5000 9500 29260
3089 4/27/92 IEIB-09 8-9 610 < 23 < 23 86 23 270 110 1099

3089 Dup. 4/27/92 IEIB-09 8-9 800 < 25 < 25 88 25 330 135 1378
3090 4/27/92 IEIB-14 13-14 710 < 13 < 13 50 22 340 75 1197 .
3091 4/27/92 CIA-02 1-2 6300 53 < 23 220 440 11(10 42000 50113
3091 Dup. 4/27/92 CIA-02 1-2 13000 < 23 < 23 220 86 1800 _ 81106
3092 4/27/92 C1A-05 4-5 21000 < 25 < 25 140 930 8300 360000 390370
3093 4/27/92 CIA-09 8-9 1150 42 < 23 76 630 1300 180000 183198

,.., 3094 4/27/92 CIA-14 13-14 310 < 21 < 21 < 21 35 160 5400 5905
,_ 3095 4/27/92 CIB-02 1-2 14000 < 22 < 22 260 360 2400 47000 64020

3096 4/27/92 CIB-05 4-5 20000 < 24 < 24 240 660 2900 250000 273800
3097 4/27/92 C 1B-09 8-9 330 77 46 170 460 470 180000 181553

3097 Dup. 4/27/92 CIB-09 8-9 300 < 25 57 74 460 220 160000 161111
3098 4/27/92 CIB-14 13-14 62 < 25 340 < 25 < 25 0.56 150 552.56
3099 4/27/92 P2A-02 1-2 960 42 < 21 130 130 130 300 1692
3100 4/27/92 P2A-05 4-5 4700 < 23 < 23 270 130 310 6800 12210
3101 4/27/92 P2A-09 8-9 110 41 < 23 180 < 23 6.5 280 617.5
3102 4/27/92 P2A-14 13-14 45 79 < 20 33 < 20 6.1 55 218.1
3102 Dup. 4/27/92 P2A-14 13-14 44 < 20 510 28 < 20 5.5 51 638.5
3103 4/28/92 P2B-02 1-2 38000 < 27 < 27 280 420 1300 14000 54000
3104 4/28/92 P2B-05 4-5 5300 < 34 < 34 300 74 430 4600 10704
3105 4/28/92 P2B-RI42892-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 0.21 < 0.2 0.21
3106 4/28/92 P2B-09 8-9 680 < 26 < 26 300 53 190 8800 10023
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Table D. 1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEFFH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Total VOC

NO. DATE LOCATION (fl) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)

3106 Dup. 4/28/92 P'2B-09 8-9 700 27 < 25 250 41 120 5500 f,f,38
31,07, 4/28/92 P2B-14 13-14 930 25 < 12 220 59 400 15000 16634

3108 4/28/92 TF2B-02 1-2 64000 < 23 < 23 370 510 7400 18000 90280

3109 4/28/92 TE2B-05 4-5 67000 < 19 < 19 320 340 11000 34000 112660

3110 4/28/92 TE2B-09 8-9 8900 < 24 < 24 340 110 1100 5600 16050

3110 Dup. 4/28/92 TE2B-09 8-9 3500 59 < 19 230 64 780 2900 753_
3111 4/28/92 TE2B-14 13-14 6800 < 19 < 19 210 ll0 2000 6400 15520

3112 4/28/92 TE2A-02 1-2 14000 270 < 22 320 300 2700 4100 21690
3113 4/28/92 TE2A-05 4-5 3100 45 < 27 330 200 1800 290 5765

3114 4/28/92 TE2A-09 8-9 4000 < 25 < 25 160 150 1600 260 6170

3115 4/28/92 TE2A- 14 13-14 700 120 < 20 71 82 860 86 1919t,--*

t_

,_ 3115 Dup. 4/28/92 TE2A-14 13-14 1900 140 < 25 99 100 1400 140 3779
3116 4/28/92 TEIB-02 1-2 1800 120 <27 310 49 1100 150 3529

3117 4/28/92 TEIB-05 4-5 14000 < 18 < 18 310 400 2000 12000 28710

3118 4/28/92 TEIB-09 8-9 540 140 < 26 420 81 220 370 1771

3118 Dup. 4/28/92 TEIB-09 8-9 650 93 120 59 92 300 350 1664
3119 4/28/92 TEIB-14 13-14 44 < 21 760 < 21 53 120 200 1177
3120 4/28/92 TEIA-02 1-2 6200 30 290 260 61 1200 360 8401

3120 Dup. 4/28/92 TEIA-02 1-2 19000 62 < 20 310 110 1400 2500 23382
3121 4/28/92 TEIA-05 4-5 3300 < 35 440 180 180 820 3800 8720

3122 4/28/92 TEIA-09 8-9 4300 < 26 < 26 270 480 870 21000 26920

3123 4/28/92 TEIA-14 13-14 440 990 110 53 190 310 4900 6993

3124 4/29/92 DIA-02 1-2 100000 < 31 < 31 700 64 43000 65000 208764

3125 4/29/92 DIA-05 4-5 79000 < 21 < 21 410 500 38000 62000 179910

3126 4/29/92 DIA-09 8-9 23000 < 22 < 22 250 150 2300 3200 28900
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Table D.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Tolal VOC
NO. DATE LOCATION (ft) (eg/kg) (eg/kg) (eg/kg) (eg/kg) (eg/kg) (ug/kg) (ug/kg) (eg/kg)

3127 4/29/92 DIA-14 13-14 640 < 19 88 29 < 19 450 41 1248
3128 4/29/92 DIA-18 17-18 3900 < 22 < 22 < 22 < 22 1200 40 5140

3128 Dup. 4/29/92 DIA-18 17-18 2600 < 16 < 16 < 16 21 688 24 3333
3129 4/29/92 DIA-22 21-22 4100 68 < 26 420 80 1100 270 6038
3130 4/29/92 TEIA-RI42992-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0
3131 4/29/92 DIB-02 1-2 48000 180 < 19 390 390 28000 39000 115960
3132 4/29/92 DIB-05 4-5 39000 < 20 < 20 370 260 30000 38000 107630
3133 4/29/92 DIB-09 8-9 1600 74 < 22 180 23 730 110 2717
3!34 4/29/92 DIB-14 13-14 790 99 160 28 < 23 620 53 1750
3134 Dup. 4/29/92 DIB-14 13-14 360 100 170 < 19 < 19 290 23 943
3135 4/29/92 DIB-18 17-18 550 66 77 72 23 520 43 1351
3136 4/29/92 DIB-22 21-22 < 29 330 < 29 67 < 29 320 29 746
3137 4/29/92 DIE-02 1-2 110000 < 25 < 25 630 610 58000 44000 213240

3137 Dup. 4/29/92 DIE-02 1-2 100000 < 23 < 23 600 570 54000 42000 197170
3138 4/29/92 DIE-05 4-5 160000 < 19 < 19 490 1000 230000 180000 571490
3139 4/29/92 DIE-09 8-9 18000 < 19 < 19 260 110 2100 880 21350
3140 4/29/92 DIE-14 13-14 1600 58 110 40 < 20 810 78 2696
3141 4/29/92 DIE-18 17-18 970 90 170 < 21 < 21 660 28 1918
3142 4/29/92 DIE-22 21-22 4200 47 < 15 58 42 2200 46 6593

3143 4/29/92 DIE-02 1-2 170000 < 23 < 23 640 920 140000 61000 372560
3144 4/29/92 DIE-05 4-5 !10000 < 18 < 18 410 560 150000 77000 337970
3145 4/29/92 DIE-09 8-9 2400 39 < 25 99 39 960 66 3603

3145 Dup. 4/29/92 DIE-09 8-9 2800 < 31 < 31 95 39 1100 62 4096
3146 4/29/92 DIE-14 13-14 36 45 < 22 < 22 < 22 94 4.2 179.2
3147 4/29/92 DIE-18 17-18 1900 < 15 < 15 26 20 960 19 2925
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Table D.1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Total VOC

NO. DATE LOCATION (fl) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)

3148 4/29]92 DIE-22 21-22 42000 < 14 < 14 94 160 8700 110 51064

3149 4/30]92 IE2A-02 1-2 7500 110 < 21 280 310 9500 3300 21000

3150 4/30]92 IE2A-05 4-5 9700 < 25 < 25 < 25 350 25000 4100 39150

3151 4/30/92 IE2A-09 8-9 270 < 28 < 28 < 28 < 28 860 4.0 1134

3152 4/30]92 IE2A-14 13-14 95 37 81 < 15 < 15 490 1.9 704.9

3152 Dup. 4/30D2 IE2A-14 13-14 44 110 480 < 24 < 24 370 1.7 1005.7
3153 4/30]92 IE2B-02 1-2 37 < 23 < 23 < 23 < 23 680 27 744
3154 4/30/92 IE2B-05 4-5 7800 < 20 < 20 340 240 26000 8200 42580

3155 4/30]92 IE2B-09 8-9 < 22 53 < 22 < 22 < 22 84 1.2 138.2

3155 Dup. 4/30]92 IE2B-09 8-9 < 21 43 < 21 < 21 < 21 110 1.2 154.2
3156 4/30]92 IE2B-14 13-14 < 13 43 < 13 < 13 < 13 29 0.69 72.69

3157 4/30]92 DI-42992-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0

3158 5/11/92 ZIAa4Y2 1-2 6200 < 20 < 20 260 4700 2800 54000 67960

3158 Dup. 5/11192 ZIAa-02 1-2 2500 < 20 < 20 110 2000 1200 24000 29810
3159 5/11/92 ZIAa-05 4-5 ll000 < 24 < 24 170 12000 7600 200000 230770

3160 5/11192 ZIAa-09 8-9 22000 < 20 990 130 18000 46000 460000 547120

3161 5/11/92 ZIAa-14 13-14 2300 < 26 67 85 7200 1100 120000 130752

3162 5/11192 ZIAb-02 1-2 4500 < 18 < 18 240 1900 1300 75000 82940

3163 5/11192 ZIAb-05 4-5 5900 < 23 < 23 1600 2400 4000 130000 143900

3164 5/11192 ZIAb-05 8-9 490 < 29 180 73 2500 1400 92000 96643

3164 Dup. 5/11/92 ZIAb-09 8-9 2100 < 20 < 20 150 2900 780 97000 102930
3165 5/11/92 ZIAb-14 13-14 120 < 20 < 20 < 20 64 140 7400 7724

3166 5/11192 Z1Bb-02 1-2 24000 < 22 < 22 310 8000 10000 57000 99310

3167 5/11D2 ZIBb-05 4-5 2300 < 26 < 26 180 1900 730 7200 12310

3168 5/11/92 Z IBb-09 8-9 4600 67 < 20 110 200 82 2000 7059
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Table D.I. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPt,E PROBE DEPTH I,I-DCE MC t-I,2-DCE I,I-DCA c-I,2-DCE I,I,I-TCA TCE Total VOC

NO. DATE LOCATION (fl) (ug/kg) (ug/k8) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (Ul_kg)

3168 Dup. 5/11/92 ZIBb-09 8-9 7300 < 20 < 20 120 240 120 5800 13580
3169 5/11192 ZIBb-14 13-14 < 22 68 120 < 22 26 13 95 322

3170 5/11/92 ZIBb-RIS1192-1 Rinseate < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 0.2 < 0.2 0.2

3171 5/11/92 ZIBa-02 1-2 2400 < 19 < 19 150 3000 1000 5000 11550
3172 5/I 1/92 ZIBa-05 4-5 7000 < 24 < 24 250 22000 1900 18000 49150

3173 5/! 1/92 ZIBa-09 8-9 17000 < 24 < 24 93 1800 140 1800 20833

3174 5/11)92 ZIBa-14 13-14 610 71 ' < 19 < 19 50 34 190 955

3174 Dup. 5/11/92 ZIBa-14 13-14 62 69 < 20 < 20 44 35 190 400
3175 5/12/92 ZIBe-RISI292-1 Rinseale < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 0.2 < 0.2 0

3176 5/12/92 Zllk-02 I-2 2500 < 19 100 170 3100 600 4400 10870

_._ 3177 5/12/92 ZIBe-05 4-5 15000 < 20 < 20 180 12000 1200 19000 47380
t,_ 3178 5112/92 Zlik-09 8-9 17000 < 25 74 81 4400 70 1600 23225

3179 5/12/92 Zllk-14 13-14 < 19 34 < 19 < 19 260 50 280 624
3180 5/12/92 ZIBc-02 1-2 16000 < 22 < 22 210 4300 2200 34000 56710

3181 5/12/92 ZIBc-05 4-5 3100 < 24 99 86 2100 660 14000 20045

3181 l_p. 5/12/92 ZIBc-05 4-5 7500 < 25 80 140 2400 710 18000 28830
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Table D. 1. Results of on-site analyses for VOCs conducted on Geoprobe samples collected by Envirosurv, Inc. in April 1992 (continued)

SAMPLE SAMPLE PROBE DEWrH I,I-DC'E MC t-I,2-DCE I,I-DCA c-1,2-13CE I,I,I-TCA TCE TotalVOC
NO. DATE LOCATION (fl) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/lkg) (ug/kg) (ug/k8)

3182 5/12192 Zllk-09 8-9 6000 < 21 < 21 160 2100 270 8_0 17430
3183 5/12_2 Zllk-14 13-14 < 16 68 120 < 16 23 8.4 120 339.4
3184 5/12,_92 ZIBd-02 1-2 200 130 110 80 1600 290 2000 4410
3184 Dup. 5/17._)2 Zllkl-02 I-2 110 120 120 55 1000 190 1200 2795
3185 5/12/92 ZIBd-05 4-5 8500 < 21 < 21 200 43000 1200 33000 85900
3186 5/12J92 ZIBd4_ 8-9 9300 < 20 < 20 84 18000 200 2100 29684
3187 5/12/92 ZIBd-14 13-14 < 24 55 ' 310 < 24 42 4.7 64 475.7

i i

Nolo:

(1) The soil sampleswere collected by EnvY, Inc. usinga Geoprobeandwere analyzedon-site usingheatedheadspaceGC methods.
4z (2) All soil sampleswere collected to establisheda pte-tn_tment concen_ level wior to held testingof

in situ rentediationtechnologies.

(3) The VOC resultsaregeptwtedon the basisof field moist soil weight.
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