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EXECUTIVE SUMMARY

" Ames Laboratory of the U.S. Department of Energy (DOE) undertook a project sponsored by the
Office of Technology Development (OTD) in the Environmental Management (EM) program to
promote the adoption of Expedited Site Characterization (ESC) and its associated technologies.
The goals of the project were to identify and field site characterization technologies and
approaches to solving DOE environmental problems, improve the basis for analyzing site
characterization data, compare the various analytical technologies, and encourage stakeholder
participation in the environmental arena. An ESC demonstration was carried out at a former
manufactured gas plant site (FMGP) in Marshalitown, Jowa. The site was known to be impacted
by polynuclear aromatic hydrocarbon (PAH) residues and was sclected as the subject site
because of its size, proximity, and favorable relations amongst Ames Laboratory, the Iowa
Department of Natural Resources IDNR), and the site owners. It should be noted that IDNR is
the lead agency coordinating all the activities of the Marshalltown site and all data and reports
must be validated and approved by IDNR before they can be used in any decision-making
process.

The Marshalltown FMGP is owned by IES Utilities, Inc. and is located in an old industrial area
adjacent to an active railroad switching yard and mainlines. The gas manufacturing processes,
used during the operation of the site between the 1880s and 1950s, resulted in a variety of
potential environmental contaminants including "coal tar," petroleum products, condensates, and
oxides. A portion of these materials were disposed on the site if they could not be resold on the
market or used for other purposes. The primary contaminants of interest for this investigation
were PAHs.

Previous remedial investigations were conducted at the site by Black& Veatch (B&V) Waste
Science and Technology (BVWST). Historical and technical information, gathered in those
previous investigations, were used to select technologies and develop scopes of work for the
ESC demonstration. Available geologic data indicated a surface layer of fill overlying an upper
cohesive unit which was overlying granular alluvial sediments that were overlying a lower
cohesive unit and ultimately bedrock. All of these layers occurred at variable depths. Available
contaminant data indicated the presence of dissolved, residual, and dense non-aqueous phase
(DNAPL) liquid PAH’s in soil and groundwater beneath the site. A suite of geophysical survey,
geophysical/geotechnical screening-level chemical, and quantitative chemical analytical
technologies were selected and applied at the site. The involvement of IDNR, IES and the Ames
Laboratory with ESC should not be interpreted as an endorsement of any system or product used
in the ESC investigation. :
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Geophysical survey techniques including ground penetrating radar, seismic reflection and
refraction, electromagnetic offset logging, and borehole logging were applied at the site
primarily to define the surface of the bedrock and significant stratigraphic interfaces above the
" bedrock. Secondary objectives were to provide information regarding the distribution of PAH
contamination. Geophysical survey techniques are considered to be the primary component in
the early phase of the ESC process.

In addition to the geophysical survey techniques, two minimally intrusive geophysical/geo-
technical techniques (cone penetrometer testing and soil electrical conductivity logging) were
utilized to define the soil stratigraphy and, in particular, the surface topography of the lower
cohesive unit (LCU).

Results of the geophysical surveying were calibrated against both the BVWST data and with the
minimally intrusive data collected as a part of this investigation. Cultural interference, such as
noise from the railroad tracks and from activities within the site, overhead power lines, buildings
and surface metallic objects, near-surface fill material, and a weathered bedrock surface,
contributed to difficulties encountered in making and interpreting geophysical measurements.
The interpretation of the bedrock surface from the geophysical survey techniques was tenuous
and found to be in error by as much as 10 to 15 feet when compared with data from direct
intrusive technologies. The negative impact of the cultural interference and relatively difficult
stratigraphic conditions make evaluation of the techniques very difficult. All the techniques,
however, pointed to the fact that the bedrock surface is weathered, uneven and highly variable.

The Site Characterization and Analysis Penetrometer System (SCAPS) cone penetrometer unit
and the Geoprobe soil conductivity probe provided very useful and reliable stratigraphic data.
Side-by-side comparisons of the direct push technology logs with BVWST borehole logs
indicated stratigraphic correspondence of the unit contacts generally within about one to two
feet. It should be noted, however, that the BVWST data tended to produce a slightly decper
granular/lower cohesive unit contact than the direct push data. Usually the major unit
stratigraphic contacts were easily picked off of both the cone penetration testing (CPT) and soil
conductivity logs and were used to generate a database from which an EarthVision three-
dimensional site stratigraphic model was generated.

Based on the previous BVWST site characterization work, the lateral and vertical distribution of
the dissolved PAHs and residual non-aqueous phase liquid contamination was estimated.
Assessment of the nature and distribution of the PAH contaminants was carried out using three
types of technologies: Phase I screening technologies [immunoassays (IMAs), passive and
active soil gas, and chemiluminescence], Phase II screening technologies [laser-induced
fluorescence probe, soil conductivity probe], and Phase II quantitative technologies [chemical
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analysis of soil samples with gas chromatography/mass spectrometry (GC/MS) instruments in
field laboratories].

For the purpose of developing and assessing fhe site contamination model, the soil stratigraphy
was subdivided into six zones:

e middle and bottom of upper cohesive unit ( zones 1 and 2 respectively)
« top, middle and bottom of granular unit ( zones 3, 4 and 5 respectively)
« top of lower cohesive unit ( zone 6)

The Phase I suite of contaminant screening technologies were applied in an effort to evaluate
their ability to identify the approximate boundaries of the organically contaminated area. At
each surface grid node, Geoprobe sampling equipment was used to collect one shallow (4 to 5
feet deep) and one deep (10 to 15 feet deep) soil sample. Duplicates from soil core samples
were analyzed by all three IMA techniques and the chemiluminescence system. In addition, a
soil vapor sample was drawn at each sampling level and analyzed using a field gas
chromatograph. Finally, a passive soil gas collector containing carbon adsorption elements in a
resealable glass container was installed in the ground at the approximate depths of the soil
samples.

When indicating the presence or absence of detectable PAHs, the data from each of the three
IMA analyses correlated fairly well with each other. Furthermore, each of the three shallow and
deep data sets agree very well with each other on the location and shape of the PAH
contamination distribution. Results from the chemiluminescence were reported as total PAH and
did not correlate as well with other methods used.

Passive soil vapor samplers were analyzed off site by thermal desorption and direct mass
spectrometer (MS) analysis. The shallow data agreed well with each other. Little of the heavier
PAHSs compounds were found in the deeper data set, and as expected, lighter molecular weight
PAHs appears to correspond to higher volatility and concentration in soil gas. Active soil gas
measurements for aromatic hydrocarbons and naphthalene showed good agreement with passive
soil gas and IMA measurements. Overall, the results of the Phase I contaminant screening
technologies generally compared well with the BVWST results for stratigraphic zones 1,2 and 3.
A significant finding of the Phase I contaminant screening study was that PAH contamination
existed further to the west than it would appear from previous data.

Phase II contaminant screening was performed using the cone penetrometer laser-induced
fluorescence (LIF) sensor system and the Geoprobe soil conductivity profiles. Chemical
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analysis of soil samples collected adjacent to LIF "hits" indicated that while the LIF sensor data
could not be considered as quantitative, it could reliably detect regions of low, medium or high
contamination in a qualitative sense. Average LIF intensities for each of the six stratigraphic
zones were interpreted from the LIF panel plots. Contour plots for each zone gave an excellent
indication of the distribution of contaminants at the site. The general trend of the contaminated
region is still, however, from the northwest to the southeast through the central part of the site.
Significant hits were detected in zone 6 (top of the LCU) at only two locations.

Many of the panel plots showed elevated fluorescent intensity values within the upper cohesive
unit and within the upper and lower portions of the granular unit. Examination of the LIF panel
plots revealed that elevated fluorescence intensity levels commonly occur in the two to four feet
of sandy soil immediately overlying the top of the LCU indicating a pooling of DNAPLSs on the
LCU. When LIF measurements were taken in the top of the LCU, the fluorescent intensity
reading typically dropped to near zero. This indicates that the LCU is tending to retard the
downward migration of the DNAPL contamination at these locations. In terms of contaminant
screening, the LIF may be considered the most direct qualitative methodology for indicating
regions of PAH contamination.

Phase II quantitative plume delineation efforts were planned and implemented based on results
of the BVWST Remedial Investigation (RI) report, contaminant screening data collected in
Phase I and Phase II, and the updated site geologic model. The primary technology evaluation
function of this part of Phase II was the comparison and assessment of five on-site extraction
methods for PAHs in soil. Soil core samples for this effort were collected with minimal
subsurface disturbance using a Geoprobe system. A total of 127 samples were run through one
or more of the five extraction methods and analyzed by one of three identical GC/MS systems.
The extraction methods used included three organic solvent-based methods (sonication,
microscale, microwave-enhanced extraction) plus thermal desorption and supercritical fluid
extraction (SFE).

Method bias comparisons indicated that the thermal extraction efficiency is less than the
sonication extraction efficiency which is less than the microwave extraction efficiency. The
microscale and SFE extraction methods generally gave intermediate results. There was no
definitive indication that any extraction method was more precise overall, although there is a
tendency for the method precision for the thermal and microscale extraction methods to be
significantly less than the precision for the sonication method on the basis of all the available
data. On the basis of all the available data, the clayey soil analytical results showed greater
variation than the sandy soil results indicating greater precision with sandy samples for all but
the thermal extraction method. The 38 subsets of this data, in which all methods gave a greater
than non detect (ND) determination, indicate that only the microwave and SFE methods show
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greater variation with clayey than with sandy soil, while the other methods show no variation
differences between soil types.

In summary, within the inherent limitations of these analyses, low thermal extraction results with
high relative error and high microwave extraction results with low relative error were found,
while the absolute value of the bias for both of these methods appears to decrease with
increasing analyte molecular weight. A significant finding of the study was the potential for
inconsistencies in procedures and results to arise, even within strict adherence to SW-846
methods.

The application, versatility, and high quality of data from direct push technologies was
demonstrated at this site. The cone penetrometer demonstrated the reliability and efficiency of
both the stratigraphic logging capabilities and LIF sensing capabilities in developing the site
stratigraphic model and delineating areas of PAH contamination. The capabilities of the
Geoprobe soil conductivity system with respect to maneuverability and operational efficiency
were also demonstrated. With proper calibration, the Geoprobe system can be reliably used to
fill in stratigraphic data between two locations with known stratigraphic profiles. In addition,
again with proper calibration and verification, it can be used to enhance the site contamination
model. Both direct push technologies have the capability to provide much more detailed
stratigraphic information than conventional auger boring, which is important when considering
contaminant fate and transport.

This study also indicated the potential for significant variation of chemical analysis results for
PAHs in soils. The uncertainty and potential variability associated with soil matrix effects,
sample selection, preparation and extraction procedures far outweigh inaccuracies in the
chemical analysis methodologies themselves. The Phase I and Phase II screening results,
including olfactory/visual data, gave a far better picture of the distribution and extent of
contamination than the quantitative analysis results.

Ames Laboratory is operated for the U.S.-DOE by Iowa State University under Contract No. W-
7405-ENG-82 and is a member of ISU’s Institute for Physical Research and Technology. This
report was prepared as a deliverable on the project "Ames Laboratory Expedited Site
Characterization Demonstrations," Technical Task Plan CH1-3-10-05, as part of the
Characterization, Monitoring, and Sensor Technology Crosscutting Program in the OTD within
the DOE’s EM program.
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1.0 INTRODUCTION

1.1  Project Goals

The goal of the Ames Expedited Site Characterization (ESC) project is to evaluate and promote
both innovative technologies (IT) and state-of-the-practice technologies (SOPT) for site
characterization and monitoring. In April and May 1994, the ESC project conducted site
characterization, technology comparison, and stakeholder demonstration activities at a former
manufactured gas plant (FMGP) owned by Iowa Electric Services (IES) Utilities, Inc., in
Marshalltown, Iowa. It should be noted that the Iowa Department of Natural Resources (IDNR)
is the lead agency coordinating all the activities of the Marshalltown site and all data and reports
must be validated and approved by IDNR before they can be used in any-decision-making
Pprocess.

Three areas of technology were fielded at the Marshalltown FMGP site: geophysical, analytical
and data integration. The geophysical technologies are designed to assess the subsurface
geological conditions so that the location, fate and transport of the target contaminants may be
assessed and forecasted. The analytical technologies/methods are designed to detect and
quantify the target contaminants. The data integration technology area consists of hardware and
software systems designed to integrate all the site information compiled and collected into a
conceptual site model on a daily basis at the site; this conceptual model then becomes the
decision-support tool. Simultaneous fielding of different methods within each of the three areas
of technology provided data for direct comparison of the technologies fielded, both SOPT and
IT.

Ames Laboratory implemented the ESC model, first developed at Argonne National Laboratory
(Burton,1993), by using some of the tools that are coming to be associated with ESC, such as a
dynamic work plan and real time data analysis. Because of the Ames Laboratory’s approach to
stakeholder involvement, the Ames ESC project differs somewhat from past ESC practices.
Because of their increasing role in the acceptance and ultimate commercialization of
environmental technologies, early stakeholder involvement was sought; establishment and
maintenance of close communications with regulators was viewed as particularly important.
Significant efforts were made to invite participation from stakeholder communities including
local residents, characterization and remediation technology providers, community
organizations, and specialized and general state and local media. The demonstration activities of
the ESC project provided opportunities not only for the Ames ESC project to communicate the
ESC goals and activities to the stakeholders, but also provided opportunities for stakeholders to
express their interest in and provide feedback about the technologies fielded as part of the
project, and about ESC methodology and its future applications.

1
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All of these activities support the U. S. Department of Energy (DOE) environmental technology
development goals. These goals, which include a directive to seek out and develop better, safer,
" faster, cheaper technologies and approaches to solving environmental problems, form the basis
for analyzmg the site characterization data, comparing the various analytlcal technologies, and
encouraging stakeholder participation in the environmental arena.

This document reports the results of the site characterization, technology comparison, and ESC
demonstration activities associated with the Marshalltown FMGP site. The involvement of
IDNR, IES and the Ames Laboratory with ESC should not be interpreted as an endorsement of
any system or product used in the ESC investigation.

The structure of the report basically follows the ESC process. The Marshalltown FMGP site
background and the results of a previous remedial investigation (RI) are summarized in Chapter
2. This geological and contamination data was used to build the first conceptual model. Next,
the overall ESC characterization strategy for this site is outlined in Chapter 3. The results and
analyses of the Phase I and Phase II Ames ESC investigations are summarized in Chapter 4. The
Phase I geophysical survey results are presented first and their contribution to the development
of the site model assessed. Next, the Phase I contaminant screening results are presented. The
results of the Phase I studies are both compared with each other and compared with the original
RI data in terms of reliability of data and enhancement of the site conceptual model. Finally, the
Phase II minimally intrusive data and the quantitative data are presented. Comparisons are again
made with the already existing data and their contribution to the development of the site
conceptual model assessed. The summary and conclusions of this investigation are presented in
Chapter 5.

1.2 ESC Methodology
The ESC methodology incorporates on-site decision-support technologies that permit site
characterizations to be completed in a consolidated package. The principal characteristics of

ESC are:

¢ empbhasis on geologic structure and hydrogeology as determinants of contaminant fate and
transport,

s use of technologies by expert operators with flexible data quality objectives,

¢ on-site data processing using mobile laboratories,
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® on-site decision making,

. fmference for non-intrusive or minimally intrusive geophysical techniques,
o minimization of intrusive sampling techniques, and

o the same team that plans site work manages site work.

ESC has demonstrated that the characterization phase can be streamlined without compromising
data quality. By using both on-site analytical and multiple hydrogeologic technologies, the need
to send nearly all samples off site and the need to perform massive subsurface sampling in the
absence of local hydrogeologic information is removed. By including on-site decision making,
ESC can significantly reduce the probability of having to return to the site to fill data gaps. Asa
result, the current multiphase sequence of environmental data acquisition--consisting of sample,
analyze, plan and sample, that typically takes years--becomes compressed into a single real-
time phase, requiring only months to complete.

Because technology gaps exist, even within the context of ESC, the scope of this project
involves the use of both SOPT as well as IT. By fielding ITs at actual sites, nontechnical as well
as technical barriers are simultaneously identified. Of prime importance is an opportunity to
involve regulators in the evaluation and fielding of these technologies. Side-by-side comparison
of IT with SOPT technologies, documented standard operating procedures, and confirmatory off-
site analysis are some of the necessary features that encourage regulatory acceptance of ITs.

By integrating the innovative ESC technologies into an actual ESC project, it is expected that a
more realistic evaluation of these technologies will be possible. Part of this benefit accrues from
the active role of the regulator in the evaluation of these technologies. Additional benefit comes
from exposure of these technologies to site-specific stakeholders, as well as those who cannot
attend the demonstration but who will be reached by the information packages. This systematic
approach, involving the demonstration of multiple ESC technologies to those who influence their
adoption, is very cost effective.

1.3 Stakeholder Involvement

The Ames ESC team implemented the expedited site characterization model using many of the
tools that are essential to ESC, such as a dynaric work plan and real-time data analysis, but
Ames Laboratory’s practice of ESC is distinctive in its.approach to stakeholder involvement.
Because of the increasing role of stakeholders in the acceptance and ultimate commercialization
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of environmental technologies--and even more so in the case of a new methodology--early
stakeholder involvement was sought.

Establishing and maintaining close communications with regulators was viewed as critically
important; significant efforts were made to invite participation from stakeholder communities
including local residents, community organizations, educators, students, association members,
technology users and providers, trade press and local media. The public demonstration activities
of the ESC project provided opportunities not only for the Ames Lab ESC team to communicate
ESC goals and activities to the stakeholders, but also provided opportunities for stakeholders to
express their interest and give feedback on the ESC methodology, its future applications and the
technologies fielded as part of the project.
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2.0 SITE BACKGROUND

The Marshalltown FMGP is located south of East Nevada Street between 4th and 6th Avenue in
" the SE% of the NEY of Section 35, T.84N., R.18W (see Figure 2.1). The contiguous property
presently owned by IES Utilities is also partially located in Section 36. The site contains several
buildings from the FMGP and former electric plant and is currently used as the service and
materials distribution center for the IES gas and electric operations. It is located adjacent to an
active railroad switching yard owned by the Chicago and Northwestern Railroad.

2.1  Physiography/Topography

The site is in an old industrial area of Marshalltown. Nearby industries include an inactive
foundry, a scrap metal recycling business and a variety of manufacturers. The site is situated on
the edge of the floodplain of a meandering stream (Linn Creek) within a glacial drift terrain.
The ground surface is flat to gently sloping, with approximately 10 feet of relief across the site.
Linn Creek is a tributary of the Jowa River and flows from west to east approximately 800 feet
south of the FMGP site. Its confluence with the Iowa River is located approximately 2.5 miles
northeast of the site.

Surface relief between the uplands and valleys is 50 to 150 feet. Maximum upland elevations
range generally from 900 to 1000 feet above sea level (ASL) in the Marshalltown area. The
Linn Creek and Iowa River floodplains vary in elevation from 860 to 880 feet ASL in the
Marshalltown area.

2.2  Geology and Hydrogeology

The general stratigraphy of the glacial sediments in the Marshalltown area consists of loess over
Kansan till. The terminal moraine of the younger Wisconsinian glaciation is located
approximately 10 miles to the west of Marshalltown. The thickness of glacial deposition varies
markedly around the Marshalltown vicinity, from 0 to 150 feet in the upland areas and from 25
to 250 feet in the valleys.

The glacial drift unconformably overlies Mississippian-age limestone and Pennsylvanian shale
bedrock. The limestone units encountered immediately below the glacial/alluvial sediments at
the site are identified in Remedial Investigation Report: Marshalltown, Iowa, Former
Manufactured Gas Plant Site (BVWST 1992) as a part of the Mississippian Burlington and
Gilmore City Formations and are part of the regional Mississippian aquifer. Outcrops are rare,
but several are reported along railroad cuts and stream channels in the Marshalltown area. The
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former bedrock erosional surface is incised by multiple minor channels tributary to the pre-
glacial channel of the Iowa River, referred to as the Poweshiek Channel. The Poweshiek
Channel more or less follows the general trend of the present Iowa River floodplain and varies
from one to two miles in width (Hansen, 1985). The City of Marshalltown is situated above a
bedrock knob located south of the Poweshiek Channel. The FMGP site is situated over the
northeast flank of the knob.

The near-surface stratigraphy of the site is reported in Remedial Investigation Report:
Marshalltown, Iowa, Former Manufactured Gas Plant Site BVWST 1992). According to
drilling information reported by BVWST, the depth to bedrock varies from just over 20 feet in
the northeast part of the site to about 35 to 40 (or more) feet in the western, central and southern
parts of the site; a steep ridge in the bedrock surface with about 25 feet of relief, trends .
northwest-southeast across the site. Near surface soils consist of a wide range of fill materials
(clay, gravel, sand, cinder and other debris) of low plasticity and varying in thickness from 0.5 to
14 feet. This is underlain by fine-grained cohesive soils consisting of low plasticity silty clay
with interbedded sandy and gravelly clays, ranging in thickness from 6 to 14 feet.

The cohesive silty clay unit grades into alluvial sands and gravels, varying significantly in silt
and clay content, except at the farther northeast portion of the RI area where it is absent. The
thickness of the alluvial sands and gravels varies from 0 to 26 feet, with the greatest thickness
found near the center of the site, possibly indicating the present of a portion of a former stream
channel.

A layer of low plasticity clayey lacustrine soil and low to high plasticity glacial till separates the
alluvial soils from bedrock in most areas of the site. This unit was logged as absent in one
boring near the east edge of the site. The upper surface of the unit slopes toward the south and
generally mimics the bedrock surface.

The water table at the time of the BVWST investigation was approximately 18 to 20 feet below
grade and within the granular alluvial soils. Hydraulic conductivity (K) measurements obtained
by falling head slug tests indicated K values in the range of 0.0029 to 0.00076 cm/sec for the
granular soils. According to the work done by BVWST (1992), groundwater flow in the alluvial
sediments is to the south toward Linn Creek. Bedrock groundwater flow characteristics are not
well established and appear to be strongly influenced by the activity of production wells in the
area which tap the Mississippian aquifer.
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2.3 Marshalltown FMGP Site History

A comprehensive summary of the site history is included in Remedial Investigation Report:
Marshalltown, Iowa, Former Manufactured Gas Plant Site BVWST 1992). The BVWST report
was a primary source for information contained in this section. Additional sources of historic
information included a preliminary research report by McDonald (1986), Sanborn Company
maps dated from 1884 to 1964, and the Marshall County Historical Museum Library.

‘When the plant first opened in the mid-1870’s, gas manufacturing was accomplished by the coal
carbonization process. At the time the plant opened under the name Marshalltown Gas Light
Company, it occupied only Lot 5 of Barden’s subdivision. In 1884, the site consisted of the gas
plant building (at the approximate location of the present substation materials building), a coal
house, and two gasometers (pressurized gas holders) located north of the plant building (see
Figure 2,2). Barbed wire and furniture manufacturing facilities and a stock yard existed to the
west of the plant on what is now IES Utilities property. The properties to the east were
apparently vacant at this time.

Electric generation began at the site between 1888 and 1892. The electrical plant was built on a
portion of the gas plant property and Lots 1, 2 and 3 of Cunningham’s Addition. Residential
properties and warehouses were present to the east of the gas plant at this time, on what is now
the IES property. In 1892, the Marshalltown Gas Company, the Marshalltown Electric
Company, and the Marshalltown Street Railway Company consolidated into the Marshalltown
Light, Power and Railway Company, bringing the electrical and gas operations under common
ownership.

By 1901, the original, smaller gasometer had been removed, and the operation utilized a single
25,000 cubic foot gas holder located west of what is now the regulator building. Between 1901
and 1910, a new 200,000 cubic foot gas holder was built just east of the current regulator
building (see Figure 2.2).

The gas manufacturing process was converted from coal carbonization to carbureted water gas
between 1910 and 1921, and ownership transferred to the Iowa Railway and Light Corporation.
During this period, the original purifier room operations were moved to a separate building (now
the IES substation department building) and water gas generators were installed in place of the
old purifiers. In addition, a 12,000-gallon tar well was installed east of the new water gas
generator building, and an oil storage tank was installed at the north edge of the property west of
the original gas holder to feed the carburetion process.

The original coal gasification facilities were demolished in the 1920s. Also during this period, a

new 50,000 cubic foot gas holder was constructed immediately south of the 200,000 cubic foot
gas holder, and the original 25,000 cubic foot holder was taken out of service but apparently left
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in place until the plant was shutdown completely in 1950. A second oil tank was also added in
the 1920s north of the purifier building,

Although documentation was not available regarding the disposition of tar produced by the gas
manufacturing processes, a substantial portion of the tar may have been disposed on site. This is
evidenced by, among other things, a 1953 photograph in the McDonald (1986) report showing an
excavation immediately east of the present electric substation filled with a substance described
as tar. The pit was opened for a construction project, and the tar was pumped from the pit and
disposed of at an unknown location. '

At its maximum extent of operations, the FMGP occupied lots only in Barden’s subdivision (lots
1-7) and Westlake’s subdivision. The present IES Utilities property, located on and east of the
vacated 6th Avenue, was not part of the gas plant and is, therefore, not expected to contain any
source areas for gas plant wastes. The former electrical plant located primarily in Cunningham’s
addition to the west of the FMGP may contain source areas, since the two operations were under
the same ownership. It has been documented that waste disposal, some of which appears to have
been generated by the FMGP, did occur in the subfloor of the former electrical generation
building (BVWST, 1992).

2.4  Previous Investigations/Existing Data
24.1 Summary

Documented investigation of waste disposal at this site began with a preliminary study by D. B.
McDonald Research Associates in 1986. This investigation consisted of gathering regional
hydrologic and geologic data and historical information about the operation of the plant,
including interviews with former employees.

Later in 1986, a U. S. Environmental Protection Agency (U.S.-EPA) contractor, Ecology and
Environment (E&E), performed a reconnaissance investigation of the site. The E&E
investigation included similar historic data and added information regarding fate, transport, and
exposure routes of the contaminants of interest. A followup site investigation by EXE in 1987
included surface geophysics and some shallow soil, groundwater, surface water and manhole
sampling. The geophysics work consisted of ground penetrating radar in areas where subsurface
structures were suspected. The soil samples indicated the presence of PAH compounds at levels
substantially above background levels.

A report prepared by Tuthill, Inc., in 1988 contained a detailed synopsis of the site history,
including the development and ownership changes of the site. Tuthill also prepared a report in

8
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1989 which provided a summation of the information contained in the previous reports discussed
above. The 1989 report contained data from a public water quality assurance program which had
been initiated locally. Also in 1989, Tuthill prepared a detailed report containing more
information about the history of the site.

An underground storage tank (UST) was removed in November 1988 from an area near the west
end of the site along the east wall of the former spray pond. Soil and groundwater samples were
collected as a part of the UST closure operation. Petroleum hydrocarbons in excess of
applicable action levels were detected.

BVWST began a detailed RI of the site in 1990. The investigation included a comprehensive
program of soil and groundwater sampling and hydrogeologic characterization. The
investigation also included sampling and characterization of material contained in the void space
beneath the floor of the former electric generation building. The results are documented in a
report submitted to the Iowa Department of Natural Resources (IDNR) (BVWST 1992).

As a result of the RI, the foilowing potential contaminant source areas have been identified (refer
to Figure 2.2):

1) The "tar pit" unearthed during a construction project in 1953, which is located immediately
east of the existing electrical substation;

2) Tar separator indicated on the west side of former purifier building (Sanborn Company maps
from 1921 and subsequent years). Based on references on maps dated after 1921, this tar
separator may have been an above-grade construction;

3) Tar well located east of the original water gas generator building (Sanborn Company map
from 1921) and now located off the northeast corner of the present substation material
storage building; and

4) Tar separator located south of the former purifier building. This separator was unearthed and
the liquid contents removed in 1992. Based on its location, this structure may have been the
one identified in the 1921 map as a tar well.

Other subsurface areas potentially containing high concentrations of PAHs include the alleged
coal storage area in the southeast corner of the FMGP operations and identified by EPA studies

_ as containing high contaminant levels, and the perimeter of and below the subfloor of the former
electrical generation plant, particularly the area west of the former electric plant.
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242 Remedial Investigation Data Analysis

The previous investigation performed by BVWST included their findings on the extent of the
PAH contamination in soils. Seven monitoring wells and 16 borehole locations produced
information of several types. Stratigraphic information was obtained from the cuttings and soil
samples and is given in the borehole logs. The logs also contain observations on the appearance
of the cuttings that were noted as either free product, oil sheen or discoloration or odor
indications. Soil samples were taken and analyzed at an off-site laboratory. Seventy-eight
samples were taken from locations within the property boundary, of which six were duplicates.
Figure 2.3 shows the locations of the on-site boreholes, B-1 to B-16, and the three on-site
monitoring wells MW-3, MW-4 and MW-5. No PAH chemical analyses were carried out on
soil samples from the B-9, B-10, B-11, B-12 or MW-5 locations.

With respect to the PAH in soils, several trends were evident from the BVWST report. First, for
nearly every sample in which PAHs were detected, either naphthalene or phenanthrene was the
highest in concentration. {The same pattern was found in our 127 samples analyzed on and off
site; see Section 4.4 for further discussion.} This observation permits a considerable
simplification in the analysis of the PAH distribution. Instead of 16 PAH plumes we can focus
on three types: naphthalene plume, phenanthrene plume and for some methods, as discussed
below a modified total PAH plume. The latter type plume can be generated from any observation
or measurement that integrates some or all of the PAH concentration distribution into a single
value. For instance, visual and odor information from our work and BVWST are important
observations because of the extremely low odor detection limit from some of the PAH
contamination which we estimate to be in the few mg/kg range. Also, some of the screening
methods we used were biased against naphthalene, and, given the general dominance of
phenanthrene, they very likely represent information that can be compared to the phenanthrene
plume.

Second, the stratigraphic sequences at the site can be grouped into and analyzed in terms of five
discrete units; from the ground surface down the units are fill, upper cohesive unit (UCU -
principally clay), granular unit (comprised mostly of various types of sand), lower cohesive unit
(LCU - clay-like) and bedrock (often weathered). BVWST sampling focused on the upper two
units and the top half of the third unit. Only one sample, at location B-4, was taken below the
middle of the granular unit. However, visual and odor indications clearly implied that
significant contamination was present in the bottom few feet of the granular unit. Based on
these results, the PAHs were assumed to be principally located in the upper confining unit and
throughout the granular unit with the latter’s top and bottom deserving special focus.
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~ The design of our subsurface sampling program was based on these BVWST results and
consisted of sampling the following zones:

s middle and bottom of UCU (termed zones 1 and 2 respectively);
e top, middle and bottom of granular unit (termed zones 3, 4 and 5 respectively); and
s top of LCU (termed zone 6).

These zones are shown schematically in Figure 2.4. Instructions were given to all sampling
crews to stop probing activities once they penetrated a few feet below the base of the granular
unit to prevent introducing any new migration pathways.

Given these observations, we will present and discuss the BVWST and our PAH soil
contamination data in the context of a simplified model that focuses on naphthalene,
phenanthrene or modified total PAH plumes located in one of the six stratigraphic zones defined
above.

24.3 Remedial Investigation Results

Table 2.1 lists the naphthalene and phenanthrene concentrations from the BVWST report that
correspond to the six subsurface zones. With very few exceptions naphthalene and phenanthrene
are co-located. Data from zones 1 through 4 are plotted in Figures 2.5 to 2.8. Because data are
sparse and/or not available (NA), closed loop plume boundaries were not drawn. Areas of
significant naphthalene and phenanthrene contamination generally lie along a NW-SE line from
location B-1 to B-8 and B-13. The highest levels of naphthalene and phenanthrene
contamination within the zones examined were found in boreholes B-2, B-4, B-5 and B-6. At
the eastern plume edge, zone 4 has a non detect (ND) at B-7 while zone 1 has hits at B-7 and
MW-3A indicating that the UCU is more contaminated in the eastern portion of the site than the
granular unit. Along the southern site boundary from MW-4 to MW-3 differences occur
between naphthalene and phenanthrene in that phenanthrene is present at a few of the borings
while naphthalene is absent.

Important information resides in the visual and odor comments in the BVWST logs. To quantify

this information, from both BVWST and our work, we employed a logarithmic type scale for
these observations. Given that free product has a concentration of approximately 106
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mg/kg and slight but definite odor corresponds to a concentration of about 1 mg/kg, the
following range was set up:

Observation Scale
free product 6
product sheen 5
discoloration 4
strong odor 3
mild odor 2
slight odor 1
no odor 0

Table 2.2 contains information interpreted from the BVWST borehole logs. Most of the
BVWST data are visual and therefore track the highest concentrations of the PAHs. From Table
2.1 it is clear that nearly all off-site samples were taken from zones 1 through 4; the visual/odor
information contained in Table 2.2 adds considerable insight into the high concentration portions
of the contaminant distribution. Plots of this visual/odor BVWST data for the six stratigraphic
zones are shown in Figures 2.9 to 2.14. All BVWST boreholes penetrate to zone 6 except B-16
where the LCU is absent; therefore, no zone 5 and 6 can be defined. It was possible to draw
closed loops for these odor and visually based plumes because there is odor and/or visual data at
all locations. It must be kept in mind, however, that there is not a one-to-one correlation
between Figures 2.5 to 2.8 and Figures 2.9 to 2.12. Even though BVWST sample analyses may
indicate significant contamination, if direct visual or olfactory reference was not made at the
appropriate location in the borehole log, then the zone was ascribed a zero; i.e., it is assumed that
the contamination was not recognized during the borehole logging or the appropriate depth is not
referred to explicitly. Moreover, fuel odor was detected in zones 1 and 3 of B-1; this was,
however, not included as a visual or olfactory sign of coal tar residue. Note that MW-4 has not
been included in these contour plots as it would tend to draw the plumes across the generation
plant building area where essentially no information was available.

All zones have plumes except for zone 6 where no contaminants were identified visually.
Boreholes B-2, B-4, B-5, B-6 and B-8 show evidence of significant contamination in the upper
5 zones and establishes the core of the PAH plume. Hits at B-1 in zones 4 and 5 extend their
plumes in the NW direction from the core plume. Hits at B-13 for zones 1 and 4 extend their
plumes to the SW. Hits at B-14 for zones 1, 3 and 5 are interesting because in the case of zone 1
this merely extends its plume further to the SW but for.the other two plumes it indicates that
local variations in stratigraphy over relatively small distances can significantly affect the
distribution of contaminants in the subsurface. Hits at B-7 extend plumes in zones 2, 3 and 4

12
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further east from the core plume without the need to invoke a separate plume. Generally the

plumes in the upper five zones are about equal in extent with perhaps the zone 3 plume being the
smallest.

Given the preliminary plume outlines from the BVWST data and the thicker granular unit west
of the B-7 location and its possible role as a migration pathway it was decided to focus the ESC
effort on the eastern, southeastern and northwestern portions of the site. The grid laid out for
screening activities described in section 4.2 was an attempt to overlap plume boundaries based
on these BVWST results.
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Figure 2.4 Typical Site Stratigraphic Units
and Stratigraphic Zones (after BVWST, 1992)
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TABLE 2.1 BVWST RI NAPTHALENE AND PHENANTHRENE CONCENTRATIONS IN SOIL (mg/kg)

BY STRATIGRAPHIC ZONE
Borehole Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
B-1 Naphthalene <l1.5 NA 85 NA NA
Phenanthrene 3.7 NA 38 NA NA
B-2 Naphthalene 770 NA 960 1100 NA
Phenanthrene 220 NA 370 590 NA
B-3 Naphthalene NA <0.3 NA NA NA
Phenanthrene NA <0.12 NA NA NA
B-4 Naphthalene NA NA NA 450 1800
Phenanthrene NA NA NA 160 430
B-5 Naphthalene 71 590 NA 750 NA
Phenanthrene 37 170 NA 220 NA
B-6 Naphthalene 480 81 NA 620 NA
Phenanthrene 270 24 NA 160 NA
B-7 Naphthalene 27 NA NA <0.3 NA
Phenanthrene 15 NA NA <0.12 NA
B-8 Naphthalene 42 NA 260 NA NA
Phenanthrene 19 NA 88 NA NA
B-13 Naphthalene 66 3 NA NA NA
Phenanthrene 23 4.8 NA NA NA
B-14 Naphthalene 1.6 <0.3 NA NA NA
Phenanthrene <0.12 <0.12 NA NA NA
B-15 Naphthalene <0.3 <0.3 <0.3 NA NA
Phenanthrene <0.12 <0.12 <0.12 NA NA
B-16 Naphthalene <0.3 NA <0.3 NA NA
Phenanthrene <0.12 NA <0.12 NA NA
MW3 Naphthalene <15 NA <0.3 NA NA
Phenanthrene 22 NA <0.12 NA NA
MwW4 Naphthalene NA <0.17 <0.33 NA NA
Phenanthrene NA 2.1 15.2 NA NA

Note: Entries with "<" symbol signify that the compound was not detected
at a level equal to or greater than the value reported.
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TABLE 2.2 BVWST RI OBSERVED LEVEL OF PAH CONTAMINATION BY STRATIGRAPHIC ZONE

Borehole Zone 1 Zone 2 Zone 3 Zone 4 Zone S Zone 6
B-1 0 0 0 4 6 0
B-2 4 0 5 6 6 0
B-3 0 0 0 0 0 0
B-4 6 0 5 4 6 0
B-5 4 4 4 6 6 0
B-6 5 4 6 6 6 0
B-7 0 4 6 4 0 0
B-8 2 6 6 0 6 0
B-13 6 0 0 4 0 0
B-14 4 0 6 0 6 0
B-15 0 0 0 0 0 0
B-16 0 0 0 0 0 0
MW3 4 0 0 0 0 0
Note: Observed Level Of PAH Contamination Designation

Free Product 6

Product Sheen 5

Discoloration 4

Strong Odor 3

Mild Odor 2

Slight Odor 1

No Odor 0
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3.0 CHARACTERIZATION STRATEGY

3.1 Introduction

In keeping with the stated project goals (Section 1.1), the characterization strategy for the
Marshalltown site focused on the evaluation, comparison and promotion of both SOPT and IT
characterization and monitoring technologies. Geophysical, chemical analysis and data
integration technologies were fielded in two phases. Phase I involved largely non-invasive,
screening type measurements while Phase II involved more invasive geophysical and
contaminant analysis measurements. The Phase I and Phase II timelines with the fielded
technologies and providers are shown on Figures 3.1 and 3.2, respectively. The technologies
fielded and approaches used in fielding the technologies are described in the following sections.

3.2 Geophysical Technologies

As geophysical survey technologies play an integral role in the ESC methodology, the evaluation
of both IT and SOPT geophysical survey technologies formed a significant part of this project. It
must be stressed, however, that the Marshalltown FMGP site conditions were far from ideal for
conducting high quality geophysical surveys. Cultural interferences such as overhead power
lines, buildings, fences and storage areas and the relatively high conductivity UCU impacted the
resolution and depth of penetration, respectively, of the ground penetrating radar while noise
from the nearby railroad yard and on the site itself and the relatively high velocity surface fill
layer impacted the resolution and interpretation of seismic surveying. These factors need to be
considered in the evaluation of the geophysical survey technologies.

ITs included a shallow reflective seismic technique using a high-frequency, vibratory energy
source, a 3-D ground penetrating radar (GPR) data analysis technique and a vertical induction
profiling technique termed electromagnetic offset logging. The SOPTs included seismic
reflection and refraction, GPR data acquisition and borehole geophysics. Reasonable
correlations with information from the invasive technologies were sought.

Mobilized invasive technologies included hollow stem auger equipment to drill boreholes for
calibrating purposes and minimally intrusive technologies represented by Geoprobe® and cone
penetration test (CPT) direct push technologies. While the Geoprobe® was used in Phase I as a
part of the contaminant screening tests, the direct push technologies, following established ESC
protocols, were largely used in Phase IT to further develop the site model and confirm data from
Phase I. Comparison was made between the capabilities of the CPT system and the Geoprobe?,
in terms of stratigraphic logging, sampling and contaminant screening capabilities. The
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Marshalltown site provided a nearly ideal setting to evaluate the respective merits of these two

push technologies because the soil types are amenable, the depths of interest are 50 feet or less,
and physical access issues that impact truck mobility were evaluated at this site. The

" heterogeneous upper fill layer and the uneven bedrock surface did, however, create difficulties

for these direct push technologies as described later.

3.3 Contaminant Distribution

The contaminant distribution was investigated in two phases, first the screening phase, and
second, the quantitative phase. The major goals of this part of the work were to assess the ease of
use and reliability of the ITs fielded and to compare the results of the screening technologies
with the quantitative and BVWST results.

3.3.1 Screening Phase

Nearly all of the techniques used in the screening phase, including the immunoassay kits (IMA),
passive sorbent, and the chemiluminescence (CL) optical method can be considered innovative.
The IMA methods are just being approved by U.S.-EPA. Our data, collected from kits from
more than one IMA provider and taken from split samples under carefully controlled conditions,
will add considerable weight to the effective adoption of IMA methods within and outside DOE.

Only a few passive sorbent methods are known for semivolatile PAHs and few potential users
realize that they are applicable to saturated as well as unsaturated soils. This is in contrast to
volatile organic compound (VOC) passive sorbent methods that are in widespread use but only
in unsaturated soil conditions. Likewise, active soil gas methods have been rarely applied to
PAHs because of the much reduced volatility of PAHs.

One of the target compound PAHs at Marshalltown is naphthalene, whose vapor pressure defines
the boundary between semivolatile organic compounds (SVOCs) and VOCs. Thus naphthalene
is the SVOC with the highest vapor pressure and likely would form the highest volume plume.
Naphthalene is also an attractive target compound because it was one of the most common PAHs
detected in the previous characterizations and it is one of the three most common compounds
that make up coal tar. Typically naphthalene ranges from about one to ten percent by volume of
typical coal tar waste. However, some of the methods, such as IMA, may not be very sensitive
to naphthalene. The relative sensitivity of these screening methods to various PAHs were a
focus of the technology evaluation.

Screening measurements with the active and passive soil gas equipmeﬁt, IMA kits and the CL.
technique were carried out at the same sampling locations to facilitate direct comparison. A
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network of sampling locations, with a shallow and deep sample at every location was set up and
carried out in Phase L.

The innovative CPT laser induced fluorescence (LIF) sensor, in its present state of development
and validation, does not have the ability to assist in the quantitative delineation of the PAH
plume near the action levels nor can it distinguish more than a subset of the 16 PAHs of interest.
It can, however, detect the presence of petroleum, oil or lubricant contaminants down to the
range of 100 mg/kg and also qualitatively distinguish areas of low, medium or high
contamination. Moreover, a continuous profile of LIF response and stratigraphy with depth can
be obtained from each push location. Given these capabilities, the role of the CPT unit was to
confirm the degree and extent of contamination indicated by the BYWST data and the other
screening technologies in Phase I and to provide guidance for selecting locations for soil samples
for quantitative chemical analysis. In addition, once the detailed topography of the upper surface
of the LCU has been defined, potential shallow depressions near the edges of the main body or
bodies of the PAH plume(s) can be directly sampled for free phase, saturated soil, or less
contaminated soil for the existence of isolated PAH plumes.

Although considered a stratigraphic logging tool, the Geoprobe® soil conductivity sensor
provided an indirect indication of the presence of coal tar residue through a drop in conductivity.
This technique of contaminant distribution screening was also investigated through comparison
of the conductivity logs with nearby CPT LIF pushes and quantitative data from soil samples.

3.3.2 Quantitative Phase

The quantitative phase focused on comparing the performance and results of five field extraction
methods: 1) sonic solvent (SOPT), 2) thermal desorption (IT), 3) supercritical fluid extraction
(IT), 4) microwave extraction (IT), and 5) microextraction (IT) coupled with field gas
chromatography/mass spectrometry (GC/MS) systems with the results of standard contract
laboratory program (CLP) off-site chemical analyses. Samples for the field GC/MS systems
were collected using a Geoprobe® truck. Although field duplicates were taken during the
subsurface probing to address site soil inhomogeneity, it was necessary to collect a sufficient
quantity of each sample so that, after homogenization, they could be split and analyzed by each
of the extraction modules.

Little new information about the contaminant distribution was gained from these split samples.
However, they were necessary for the comparative evaluation of the extraction methods.
Although some of these extraction methods had been used before and may even have EPA
approval, their evaluation under identical conditions will benefit their adoption and
implementation by DOE and others. Variations in recovery percentages among the extraction
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methods that were due to soil type are suspected to be important in the selection of appropriate
extraction methods for similar soil types. In order to isolate the extraction percentage from the
variance among the GC/MS instruments, spiked aliquots were injected directly into the column.
Moreover, spiked soil samples were used to evaluate the percent recovery and method detection
limits for each of the extraction methods.

Although really a part of the screening phase, samples co-located with the contaminant screening
network described above were taken and analyzed off site to provide a direct comparison for the
screening technologies. In addition, soil samples were also collected within several feet of CPT
LIF push locations to provide a direct comparison of the LIF results with an on-site total
recoverable petroleum hydrocarbon (TRPH) method and off-site chemical analysis results.

3.4 Data Integration

EarthVision software from Dynamic Graphics, Inc., was used for data integration and
visualization a daily basis to assess the status of the geologic and contaminate conceptual site
models and to plan the next day’s sampling locations. Data handling, analysis and visualization
in EarthVision could be improved with a more flexible database arrangement and also with the
inclusion of geostatistical capabilities such as kriging and quantitative uncertainty analysis.

Data from the previous BVWST site investigation were processed with EarthVision prior to
going to the site. An experienced operator from Dynamic Graphics, Inc. was on site to
facilitate data integration and operation of the EarthVision program during Phase II when daily
upgrades of the site model were generated. In particular, 2-D contoured stratigraphic maps were
produced which helped to identify gaps in the data; this information was extremely useful in
planning the next sampling locations. A computer-compatible projection system facilitated the
display of the site model and critical data. This system was used primarily during the stakeholder
presentations. During Phase II geostatistical calculations were vital for making unbiased
estimates of the subtle data gaps that remained.
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40 RESULTS AND EVALUATIONS

"41  Non-Intrusive Methods for Geological Characterization - Geophysical Surveys

This section discusses the methods employed and the results obtained for non-intrusive
geophysical survey technologies applied at the site. The technologies include ground penetrating
radar (GPR), seismic refraction and reflection, electromagnetic offset logging (EOL) and
borehole geophysical logging. The last two geophysical methods employed down-well tools but
did not require any new intrusive activity to be accomplished. They are, therefore, included with
the non-intrusive activities. A comprehensive evaluation of all geophysical applications was
made by Technos, Inc. (1994).

4.1.1 Ground-Penetrating Radar |
Descrinti

The GPR survey, carried out by D’ Appolonia Environmental Services, Inc., consisted of four
phases: 1) common midpoint (CMP) testing to aid in the interpretation of signal velocity and
depth of penetration; 2) a series of closely spaced, parallel profiles covering most accessible
areas within the perimeter fence of the site; 3) processing of parallel profile data as a 3-D data
set; and, 4) one common depth point (CDP) profile through the site using multiple transmitter-
receiver offsets.

Common Midpoint Test. A CMP test was accomplished using a 100 megahertz (MHz) antenna
in bistatic configuration and a Geophysical Survey Systems, Inc., (GSSI) SIR® System-10A.
One north-south and one east-west trending line was run using a common central point (local
coordinates 477N-845E; see Figure 4.1). Data were collected along each line beginning with
minimum antenna separation and gradually increasing antenna offset to a maximum of 75 feet.
A profile of average two-way velocities were determined from the data for the E-W line.

Parallel Profiles. A total of 36 radar profiles were obtained in parallel east-west orientations
using a 300 MHz antenna in monostatic mode and a GSSI SIR® System-10A (see Figure 4.1).

A closely-spaced bistatic antenna configuration was originally planned but was abandoned due
to instrumental interference. Profile lines were spaced 5 feet apart and set up in all areas
sufficiently free of obstructions to allow data acquisition. Individual shots were taken at 6-inch’
intervals along each line. A total of 9851 shots were taken, with each shot consisting of 1024
time-amplitude measurements. Data were acquired by towing the antenna on a wheel-mounted
sled and recorded on an Exabyte 8mm tape to a two-way travel time window of 200 nanoseconds
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(ns). Data for the profiles were processed and color depictions of the radar data were developed
using the RADAN program.

3-D Data Set, Additional processing of the 300 MHz data was performed by D’ Appolonia
Environmental Services for the purpose of compiling the data into a three-dimensional set. This
was accomplished by first converting the RADAN data into. ASCII format using the RTOA16
provided by the GPR system manufacturer. The ASCII data represented the amplified and
filtered trace amplitude profiles at each of the 9851 shot locations. Data was recorded to a range
of about 180 ns.

The number of time-amplitude measurements in each shot was then reduced to make data
processing possible in a PC format. However, the reduction method was not consistent
throughout the data set. The data set from the south half of the site was reduced to include only
every other point in the top half and the bottom half was discarded, partly as a result of aerial
interferences in the data. The remaining data set was reduced by inclusion of only every fourth
measurement,

Map coordinates were then assigned to each shot measurement using Microsoft EXCEL. This
was followed by a trace subtraction routine to eliminate background "noise." This was
accomplished by subtracting from each individual shot trace the shot trace three measurements
ahead (i.e., the fourth trace was subtracted from the first, the fifth was subtracted from the
second, and so on). This routine was employed by D’Appolonia to effectively remove all but
dipping reflections because these were the targets of interest for imaging as three-dimensional
time slices. Following the trace subtraction routine, the individual line-specific files were
compiled into master files. Due to the size of the master files and the memory limitations of the
PC, the eastern half of the site had to be compiled into three separate master files and the western
half of the site was compiled as a fourth master file.

The XYZ master files were imported into the GEOSOFT™ contouring program by segregating
into smaller files with common Z coordinates (i.e., the same two-way travel time). These
horizontal "time-slices" were then contoured as 2-D data sets by GEOSOFT™,

Common Depth Point Profile. Data were collected from the southeast edge to the northwest
corner of the site along an uninterrupted 620-foot line. The location of the line is shown in
Figure 4.1. Data were collected using 100 MHz antennae in bistatic configuration with three
different transmitter/receiver offsets. The purpose of this survey was to enable CMP processing
of the data in a manner similar to seismic reflection data. The 100 MHz antennae would
presumably allow deeper penetration of the radar signal, but with less resolution than the 300
MHz antenna.
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A transmitter/receiver pair was first towed along the line in zero-offset configuration and
measurements were made at 10-foot station spacings. Then two pairs of antennae at
approximately 5-foot and 10-foot offsets were towed along the line in both directions.
Measurements were taken with the transmitter antennae on the individual station marks. This
system provided five measurements at each station (zero-offset, plus two non-zero offsets with
receiver antennas on each side of the station). Individual measurements were recorded to a
range of 900 ns.

Data processing was conducted using PC-based software from the Lookout Geophysical
Corporation of Golden, Colorado. Processing of the data was performed in the following steps:

1) Conversion of the raw RADAN data into SEG-Y format using software provided by GSSI.
2) Low and high pass ﬁltering.‘

3) Derivation of average velocities.

4) Application of normal moveout correction.

5) Automatic statics ponecﬁon.

6) CMP stacking of records (three-fold).

Results

Common Midpoint Test, Based on the CMP test and subsequent data acquisition and
processing, the GPR contractor interpreted the maximum depth of resolvable reflections to
exceed 75 feet (see Figure 4.4). Above ground reflectors, such as buildings and overhead wires,
tended to interfere with some of the reflections from deeper than about 15-20 feet.

The interpreted velocity profile is provided in Table 4.1. For comparison and reference, a table
of approximate electrical conductivities, relative dielectric constants and travel times for various
earth materials is presented in Table 4.2. It is not clear why the two-way travel time in the depth
range of 21 to 30 feet is so low; this depth would be below the water table and according to the
value given for approximate travel time for a saturated sand material is low by about a factor of
two.

Paralle] Profiles. An example of a typical 300 MHz profile collected from the site is reproduced

in Figure 4.2. Based on velocity determinations made by the CMP test, the window of data to
180 ns is roughly equivalent to a depth profile to 30 feet. Equivalent interpreted depths have
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been superimposed along the left vertical axis of the figure. Complex reflections are
demonstrated in the first ~30 ns, which corresponds to the top 6 to 7 feet in the subsurface. This
may be attributable to fill material. Below this level, several strong horizontal reflections are
interpreted by the contractor as instrument artifacts (e.g., reflection at ~120 ns). Reflections
from overhead power lines are visible as broad parabolic reflections (see Figure 4.2 at 50 ns).
Reflections from buildings at the ends of profiles appear as steeply sloping multiple reflections
at the ends of the lines, and buildings parallel to the lines appear as multiple strong, shallow
reflections near the surface. Slabs of concrete are visible as bright "ringing" reflections near the
surface.

In general, the data were less noisy on the eastern side of the property as a result of the relative
openness of the site. On the western side, the former electric plant building on the south, the
substation on the north, and the former purifier building on the east produced strong interfering
reflections. No stratigraphic information could be obtained from this data set.

3-D Data Set, The processing performed on the 3-D data set (described above) was useful in
reducing the intensity of or eliminating "noise" in the data, particularly in the first approximately
- 40 ns where ringing is strongest. Color contour images of the individual time slices were
prepared and are included in D’ Appolonia’s report for various depths between approximately 2
feet and 12 feet. The time slice map for 13 ns (an interpreted depth of ~3 to 3.5 feet) is shown in
Figure 4.3. Most of the visible anomalies display a strong north-south orientation as a result of
the inhomogeneous distribution of data points (very closely spaced in the east-west direction (6
inches) as compared to the north-south direction (5 feet)).

The most visible anomalies in the time-slice maps are above-ground features, such as buildings
and large metallic objects. The strong anomaly immediately to the east of the SOON-800E
intersection is surface interference from a parked trenching machine. Anomaliés which are not as
easily attributable to surface objects include a linear feature (interpreted as possibly a buried
utility line) at the west end of the site trending NNE-SSW, a roughly square feature at the west
end of the east half of the site (possibly an unusually strong reflection from the buildings), and
numerous small anomalies dispersed across the site but particularly abundant in the southern
portions. These small anomalies are notably more scarce to absent in certain areas, such as
beneath the concrete pad of the former gas holder east of the former purifier building (see Figure
2.1 for reference). Several of these anomalies are interpreted by the contractor as buried
metallic objects. In the deepest time slice (65 ns or about 12 feet), the interference from
overhead power lines became the most salient features. No stratigraphic information could be
obtained from this data set.

Common Depth Point Profile, Data collected by the 100 MHz multi-offset, bistatic antenna
configuration and processed by CDP methods are displayed in wiggle trace and trace amplitude
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format in Figure 4.4. Surface landmarks are indicated on the figure for reference. Strong
coherent reflections are apparent between two-way travel times of about 60 and 130 ns. This is
followed by an absence of reflections down to about 240 ns. From 240 ns to about 700 ns,
reflections are intense and regular, with the exception of around 600 ns; reflections beyond a
two-way travel time of about 550 ns are interpreted by the contractor as "ringing" between
horizons,

Based on the results of the CDP survey, a maximum depth to resolvable targets of 75 feet
(approx. 550 ns) was interpreted by the contractor for the 100 MHz antenna configurations, and
reflections to a two-way travel time of 550 ns were interpreted to be from actual horizons in the
ground. The reflection at about 100 ns is believed to represent the water table. The soil-bedrock
interface was interpreted as the coherent reflections at about 240 ns or approximately 40 to 45
feet. An aberration in the data at shot points 18-20 (Figure 4.4) was interpreted as a possible
bedrock pinnacle. However, the line passed within several feet of a metal gate and chain link
fence at this location, which may provide a more likely explanation of the anomaly. In addition,
the interpreted bedrock reflection contains gaps between shot points 13 and 19, shot pomts 23
and 26, and shot points 49 and 52.

Productivits/0

The time needed to accomplish the scope of work described above was six field days, although
half of this time was non-productive because of equipment problems. The actual collection of
data required one day for the 3-D data set, less than one day for the bistatic multi-offset line, and
several hours for the CMP test.

Post-processing was accomplished off site over a period of about four weeks. Delays in
processing were encountered primarily as a result of difficulty in convertmg multi-offset radar
data to SEG-Y format.

Commentary

Two significant indications suggest potentially poor radar performance at this site (Technos,
Inc., 1994), It is generally accepted that penetration of radar signals is severely limited by
geologic strata with relatively high values of electrical conductivity. Borehole geophysical
logging and Geoprobe conductivity probing (discussed in Section 4.3.2) indicate that the
conductivity of the UCU is on the order of 50 to 150 mS/m. Empirical data suggests that the
maximum depth of radar penetration is related to the electrical conductivity(c) by the
expression: .

Depth (max) <40/c to Depth (max) <80/c.
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Using the lower range of ¢ would thus limit the depth of penetration to about 0.8 to 1.6 m (2.6 to
about 5 feet). Moreover, the heterogeneous nature of the upper fill would tend to disperse and
attenuate the radar signal.

The second indication of poor radar performance is the abundance of air reflectors in the data.
The 300 MHz GSSI antennae are fully shielded and do not normally show any response from air
reflectors (Technos, Inc., 1994). The fact that air reflectors are seen indicates a poor impedance
match between the antennae and the ground (i.e., the signal is simply being reflected off the
ground and into the air). In addition, the contractor refers to problems with the bi-static
configuration of the 300 MHz system, which was apparently unresolved, problems with a survey
wheel and limitations with the PC based software being used to process the data. A significant
part of the data set was not used because of the limitations of the software; this could have an
adverse impact on processing and interpretation.

In short, the results of this GPR survey should be viewed with caution.
4.12  Seismic Reflection

Both seismic reflection and refraction surveys were completed at the site in an effort to provide
detail of the bedrock surface beneath the alluvial soils an, if possible, to provide information
regarding stratigraphic interfaces above the bedrock. The two surveys were conducted by
different contractors, so the systems and operating parameters differ and will be discussed
individually. The seismic reflection survey was carried out by Resolution Resources, Inc.

Descrinti

Three seismic reflection profiles were collected on each of three sides of the site. Two east-
west trending lines were collected outside-the perimeter fence on the north and south, and one
shorter line was collected along the west side within the site. These lines will hereafter be
referred to as the "north," "south" and "west" lines, respectively. Figure 4.5 shows the locations
of the lines. The line locations were chosen by the contractor to potentially identify geologic
features which may influence shallow (i.e., above bedrock) and deep (i.e., below bedrock)
groundwater flow and to verify the existence of lineaments in bedrock structure believed by the
contractor to be visible in aerial photography. A total of 2,845 feet of 24-fold seismic line data
was collected.

A noise test was conducted at the west end of the south line on an unused portion of the railroad
right-of-way.
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The following operating parameters were chosen by the contractor following the noise test:

Sample Rate ' 0.250 ms
Channels 43
Record Length 250 ms

Low Cut Acquisition Filter 70 Hz
High Cut Acquisition Filter 500 Hz
Geophone Spacing 5 feet
Minimum Offset 0 feet

A 12-pound sledge hammer source with six pops per source location was used, and signals were
received with Mark Products 40 Hertz (Hz) geophones and recorded on a Geometrics Strataview
seismograph.

Vertical seismic profiles (termed check shot surveys by Technos, Inc., 1994) were performed in
wells MW-1B and MW-3B using a 30 Hz downhole receiver. The receiver was lowered into
each of the wells and locked in place with an inflatable bladder. Measurements were taken at
2.5-foot intervals to a total depth of 55 and 57 feet, respectively, in the two wells. A 12-pound
sledge was used at a distance 10 feet from the well at 10 pops per station.

Processing was performed using Seistrix 3 software developed by Interprex. The following data
processing steps were performed following downloading of the data to a PC:

» Edit field data -- remove noisy records or bad data traces;

o CDP sort -- assemble individual traces from different records into records having a common
reflecting point; '

» Digital filter -- eliminate noise in frequency domain;
 Velocity Analysis -- build model of velocity vs. depth, required to correct data for normal
moveout and estimate depth from the time section, by applying various velocities to a select

set of CDP records and choose the velocity which produced the most coherent section;

e Static correction - apply time corrections to compensate for elevations differences in
geophones and sources;

e Mute -- remove refraction (first arrival) from reflection section;
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e Normal moveout correction -- remove the differences in travel time that result from
differences in distance from source to near and far geophones;

" e CDP stack -~ summaﬁon of moveout-corrected traces in the CDP records; and

e Automatic gain compensation -- rescales amplitudes across the individual stacked tracés,
increasing the amplitude of late events.

The stacked and corrected traces were then plotted on hard copy for viewing. A static correction
of 8.3 ms was added to traces in the south line to adjust for the difference in elevation between
the north and south lines. No static correction appears to have been made along the individual
lines.

Results

A copy of the interpreted seismic reflection profiles are contained in Figure 4.6. The vertical
dimension is two-way travel time in milliseconds (ms) rather than depth in feet. The three key
stratigraphic contacts between the UCU, granular unit, and LCU were interpreted from the
profiles by the contractor. In addition, "disrupted" areas (incoherent reflections) in the bedrock
structure were interpreted. These were interpreted by the contractor to be associated with the
lineaments they had identified on the aerial photographs prior to commencement of work.

The check shot surveys carried out in MW-1 and MW-3 were used to calculate the reflection
time to the stratigraphic contact of interest. The results are shown in Figure 4.7. An apparent
low velocity zone between about 12 feet and 22 feet in well MW-1B may be noted. In addition,
the velocity below 25 feet differs greatly between the two wells. Correlation between the top of
the LCU in the check shot survey and the interpreted cross section is good (see Figure 4.6a), but
the bedrock contact appears to be somewhat deeper in the cross section than on the check shot
survey (i.e., according to the formula presented in the contractor’s report). The bedrock should
be at about 43 ms, whereas the cross section shows bedrock at a depth of about 50 ms. Further
comparisons of the seismic reflection interpretations with intrusive data are made in Section
433,

Productivity/O
Data was collected by a two-person crew over a period of five days, including time involved in
reconnoitering the geology of the Marshalltown area. Data processing was accomplished on a

daily basis, and updated plots of processed lines were viewed at the site as work progressed. All
field work and data processing was completed by experienced personnel.
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Commentary

The air photo lineaments referred to above and illustrated in Figure 4.5 appear to be related to

" human activity (e.g., edges of rows of trees, dredging for drainage purposes, efc.) rather than
geologic structure (Technos, Inc., 1994). In terms of acquisition of the data, it is believed that
considering the depth to bedrock of about 40 to 50 feet, a geophone spacing of one to two feet
would have been more appropriate than the 5 foot spacing that was used. The resulting long
source-to-geophone offset (on the order of 240 feet) would cause serious phase distortions for all
reflectors above and including those from the bedrock (Technos, Inc., 1994). It is also believed
that the shallowest reflectors in the 20 to 30 ms range are too discontinuous to be considered as
representing stratigraphic contacts.

As a final note on the efficacy of this work, a second contractor (Coleman Energy and
Environmental Systems-Blackhawk Geosciences Division) was hired to conduct a seismic
reflection survey using a variable frequency electromechanical source produced by OYO
Corporation along side a manual hammer source. However, walkaway tests using both sources
produced no identifiable reflecting events, as interpreted by the contractor. Despite this, the
contractor collected 150 feet of data to be processed by reflection techniques, although no
interpretations were derived from this data.

4.1.3 Seismic Refraction
Descrinti

The seismic refraction survey carried out by Coleman Energy and Environmental Systems-
Blackhawk Geosciences Division used both compressional (P-wave) and shear (S-wave) impact
sources for the primary function of characterizing the bedrock surface. In general, the site
exhibited some unfavorable features including a high velocity near-surface fill layer which
attenuated the seismic signal (particularly high frequencies), and high ambient noise from the
railyard and activity on and around the site.

Equipment used for the collection of refraction data included an OYO DAS-1 48-channel
seismograph, OYO 28 Hz geophones, 24 channel CMP cable, Bison EWG-1 assisted weight
drop, azimuthal traction plate, and an I/O 240M channel roll box.

Compressional Wave Survey, Nine P-wave refraction lines were collected at various locations
around the site (see Figure 4.8); lines 1 and 2 were not interpreted due to significant cultural
interferences. The lines were located primarily inside the perimeter fence and were constrained
such that the effects of visible cultural refractors would be minimized. For six of the lines, a 24-
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geophone array was laid out at a spacing of 5 feet giving a total line length of 115 feet. A 48-
geophone array was used for lines 1, 2 and 10, giving a total line length of 235 feet.

A mechanically assisted drop weight was used to generate the signal. Due to the low signal to
noise ratio, up to 40 blows were used on long source-to-receiver offsets. Five shot locations
were used for forward and reverse shot directions. Distant shot locations were restricted due to
physical inaccessibility.

Refraction data processing consisted of the following steps:

1) Import data into OSIPAK software system for first break analy-sis;

2) Pick first breaks on individual traces;

3) Import first breaks into GREMIX program for refraction analysis;

4) Assign layers to arrivals;

5) Pick X-Y distances for Generalized Reciprocal Method (GRM) analysis; and
6) Compute depths and velocities of refracting layers.

Engineered fill at the near surface throughout the site created a near surface high speed (11,000
ft/s) refractor, which was the first seismic event to appear on the records. This event was
ignored when picking first arrival from the records. The later events were picked based on
consistency between adjacent records and their velocities.

As a result of the near-surface high velocity fill layer and possibly also a thin layer of saturated
sediments, a condition called a "hidden layer" existed in which the layers below the high velocity
layer cannot be recognized. This problem was resolved by applying the GRM analysis. GRM
analysis does not allow mapping of the bottom of the hidden layer, but does allow mapping of
layers below this hidden layer. A full treatment of the hidden layer case is given by Palmer
(1980) and Lankston (1989). -

The velocity of a refractor is calculated from the slope of the time-distance relationship of the
time of arrival picks. The velocity of the refractor interpreted to be the limestone bedrock at the
site was in the range of 6,000 to 7,000 ft/s, which is consistent with published velocities for
weathered limestone. Some of the lines which were oriented N-S showed significantly higher
velocities, although this fact may be the result of interpretive error.
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Shear Wave Survey, Five S-wave refraction lines were collected at locations corresponding
with P-wave lines 1 to 5. S-waves were generated using an azimuthal traction plate to create
waves of opposite polarity. The reversed polarity allowed the masking of compressional energy
which may have been produced by the source, thus enhancing the ability to pick the first arrival
of the shear wave. Internal geophone elements were modified from vertical orientation to
horizontal with consistent polarity throughout the array.

First arrivals of shear waves were picked manually by superimposing corresponding traces and
noting the location on each pair where simultaneous opposite polarity motion was observed.
This process was made more difficult by ambient noise and a traction plate that provided lower
energy signals than the EWG-1 wave generator.

Results

Compressional Wave Survey. Depth to bedrock profiles were interpreted by the contractor for
eight of the P-wave lines. The remaining two lines were not interpreted due to suspected
interfering signals refracted from nearby buildings or other sources. Four of the interpreted
profiles are reproduced in Figures 4.9 to 4.12. Note that depth to bedrock from nearby BVWST
boreholes and seismic line intersection point depths to bedrock are also included on these
profiles. Combining these results with the BVWST borehole data allowed the contractor to
produce revised bedrock elevation contours based on combined borehole and seismic refraction
data. Contours of bedrock elevation with the BVWST data alone are shown on Figure 4.13, and
contours including the seismic refraction data are shown on Figure 4.14.

The following may be concluded regarding the seismic refraction profiling:

1) Overall, the depths to bedrock interpreted from the seismic survey correspond to the BVWST
data. Comparisons with MW-3 and B-16 are within several feet. Moreover, the general
trends observed with the contours correspond to general trends of the existing data; i.e.,
generally greater depth to bedrock in the vicinity of Lines 6 and 10 and shallower bedrock in
the northern and eastern parts of the site. In particular, BVWST boreholes B-1, B-2, B-4 and
B-5 all indicate depths to bedrock of over 40 feet. This tends to provide support for the
results of line 6.

2) The seismic data also indicate a bedrock high or ridge which trends north-south in the region
of 800E to 850E from the northern part of the site. A bedrock knob or pinnacle was also
identified in the vicinity of 830E, 450N (see Figure 4.14).
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3) Comparison of the depth to bedrock at points where the seismic lines intersect indicate
correspondence within about two to three feet. A notable exception is at the intersection of
lines 5 and 7 where the depths to bedrock deviate by more than 10 feet.

Shear Wave Survey, The combined effects of high ambient noise and inherently low source
energy from the traction plate resulted in indistinguishable first shear wave arrivals at far
geophones for the S-wave surveys. As a result of the lack of far offset data, little information
could be obtained from the S-wave effort, and this data was, therefore, not used to derive depth
to bedrock information.

Productivity/O

Work was accomplished by a three-man crew over the course of seven work days, including
walkaway tests for refraction and reflection. Raw field records were viewed in the field;
however, processed refraction profiles were not available until after processing was completed
off site.

Commentary

Despite the fact that a 1-foot geophone spacing was used, no reflections were observed from the
shallow bedrock or overlying stratigraphic soil units using either the hammer or vibratory
source. This result casts much of the seismic reflection survey reported in Section 4.1.2 in
doubt.

Despite the cultural interferences at the site, the results of the seismic refraction survey correlate
reasonably well (generally to within about two to three feet) with the BVWST existing data. It
must be kept in mind, however, that most of the data is concentrated in the eastern portion of the
site and the depth to bedrock shown in the western portion of the site would have a higher level
of uncertainty; note also that the most detail in the contour maps corresponds to the area of the
most intensive surveying. Further comparisons with the intrusive data collected at the site will
be made in later sections.

4.1.4 Borehole Geophysical Logging
Descrinti
D’ Appolonia Environmental Services, Inc., of Monroeville, PA, was contracted to apply a suite

of borehole logging technologies to four existing wells and two new cased boreholes at the site.
This information was then correlated with stratigraphic logs developed by BVWST and Ames
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Laboratory for the respective holes to evaluate the quality and quantity of stratigraphic data
which can be obtained by these methods in similar settings.

Natural Gamma, Natural gamma logging is a passive-type log which measures naturally
occurring gamma radiation in the soils or rock formation surrounding the well or borchole,
primarily from isotopes of potassium, radium and thorium. These elements tend to be more
abundant in clay-rich soil and shale. This tool usually provides qualitative information about the
stratigraphy of the formation on a gross scale. Fine details of sedimentation can not be resolved
by this method.

Gamma-Gamma. This logging tool uses a gamma ray source and gamma detectors to measure
backscattering and attenuation by the materials surrounding the well or borehole to gain an
understanding of bulk density. Only qualitative information can be obtain due to interference of
well materials and annular media. The tool used for this project was a D’ Appolonia Model
501DR Depthprobe with a 10mCi cesium-137 source and it had the capability of determining
wet and dry density by using the moisture content output from the neutron log (discussed
below).

Nentron, This method involves the use of a neutron source inside the logging tool which
interacts with borehole and formation materials, resulting in backscattered neutrons and gamma
ray production. Most of the interactions are with hydrogen atoms, primarily contained in water
molecules. Therefore, neutron logging is used for determining moisture content and formation
porosity in saturated conditions. The Model S01DR Depthprobe with a 50mCi americium-
241/beryllium source was used. The detectors on the tool sense either low energy (thermal)
neutrons or gamma radiation from slow neutron absorption. The data generated was used in the
calculation of wet and dry density values for the gamma-gamma logs.

Induction. The boreholes were also logged using electromagnetic induction. The tool used for
this activity was a Geonics EM-39, with a transmitter-receiver coil spacing of 50 cm. The
transmitter coil induces electric currents in the formation media. The magnetic fields of these
currents are then detected by the receiver coil. The coils are configured such that peak response
is approximately 30 cm from the axis of the borehole, well outside of the well and annular
sealing materials. The recorded data are computed as ground conductivity in units of milli-
Siemens per meter (mS/m).

Results
The density, natural gamma and induction logs for MW-1, MW-2, MW-3, HSA-2, MW-5 and

HSA-1 have been plotted along with the BVWST borehole logs by Technos, Inc., in Figures 4.15
to 4.20, respectively. The stratigraphic logs for boreholes HSA-1 and HSA-2 may be found in
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Appendix A. The natural gamma logs generated for MW-1, MW-2 and MW-3 displayed a
relatively high degree of scatter with respect to stratigraphic variations. Subtle details in the soil
units above bedrock could not be confidently identified. The transitions from the upper cohesive
unit to the granular unit to the LCU were marked by a gradual decrease in the gamma count.
However, the logs provided good information about the occurrence of unweathered bedrock,
marked by a steady low gamma radiation level. The most abrupt change in the soil units in any
of the gamma logs was in HSA-2 at a depth of 14 to 17 feet, where the gamma count dropped by
a factor of 5 (see Figure 4.18). This depth corresponded to a transitional zone between firm clay
above 14 feet and poorly graded sand below 17 feet.

The gamma-gamma logs showed scatter similar to the natural gamma logs, and the variations in
density in the overburden soils were not sufficient to use this technology for detailed
stratigraphic logging. However, the logs showed consistently high density readings at and below
the bedrock surface (weathered and unweathered). A notable exception to these results was the
log for HSA-2, which showed a dramatic rise in density between 23 and 24 feet that persisted to
the bottom of the hole at 45 feet (although the density log data continues inexplicably to >49
feet; these two facts may indicate an error in the depth scale for this log).

The induction (conductivity) data showed much less scatter than the nuclear-derived data, with
the exception of some spurious readings in MW-2 at a depth range of 24 to 27 feet (Figure
4.16). While large differences exist between conductivity values in the cohesive units and the
granular unit, the contacts are gradual in the EM-39 logs and cannot be pinpointed by this
method alone. As with the natural gamma logs, HSA-2 displayed the sharpest boundary between
the upper cohesive and the granular units.

Typical ranges in conductivity and resistivity for the stratigraphic units were as follows:

Soil Uni Conductivity (mS/m) R h
UCcu 55-82 12-18
Granular 50-65 15-20
Weathered Lmst. 45-55 18-22
Unweathered Lmst. 45 22

Productivity/O

The suite of logs described above was accomplished on six wells with a total of approximately
250 feet of log collected. The work was accomplished in four (4) working days by a two-person
crew. With the exception of an obstruction in well MW-4, preventing it from being logged, no
significant logistical or equipment problems were encountered. :
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Commentary

The advantage of using state-of-the-practice borehole logging techniques for geologic
characterization of the site is that they provide qualitative records of subsurface physical
properties useful in making further interpretations using other complimentary technologies. In
particular, the borehole logging data was useful in making positive identification of unweathered
bedrock horizons, which was not possible by any other means, including drilling logs which are
typically highly subjective. A clear disadvantage of borehole logging is the requirement for new
intrusive drilling activity or pre-existing wells and the concomitant generation of potentially
contaminated waste material.

4.1.5 Electromagnetic Offset Logging (EOL)
Descrinti

The electromagnetic offset logging technique used at this site is based on a geophysical
technique originally used to prospect for metallic (conductive) orebodies and oil and gas
reservoirs. The system used consisted of a surface source coil and a downhole receiver. The
source coil is a 12-turn, 2-meter coil, operated with a very low frequency alternating current of
10 amperes, creating an effective electromagnetic moment of 500 ampere-meters squared
(ampemeters?). The current induced in the downhole receiver coil by the primary and secondary
magnetic fluxes created by the source coil is recorded as voltage data.

The EOL survey was performed by The GEHM Corporation and Entech Engineering, Inc. The
source coil was placed on a 20-foot grid pattern. The survey area was approximately 200 x 200
feet (approximately 1 acre). A total of 126 offset logs were acquired, of which 29 were rejected
during editing prior to modeling. The final offset log coverage and source locations are depicted
in Figure 4.21, which shows that 97 offset logs were used for modeling. Data from each source
coil location was logged from surface grade to 50 feet below grade. Vertical sampling in each
log was performed on a 0.1 foot interval.

The signals from the receiver coil are passed through a High-Q, inverted-notch filter specific to
the source coil frequency. This filter enhances signal-to-noise ratio. The filtered signal is then
passed to an integrator which performs additional signal-to-noise enhancement by summing and
averaging the signal over many tens of cycles.

At each source coil station location, the receiver travels the full depth of the selected well or

borehole and records a "continuous" record of the induced current. Variations in the receiver
coil signal should reflect variations in subsurface resistivity beneath the source coil. Aftera
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complete vertical offset log is recorded, the source coil is moved to another station and the
process is repeated. A 3-D matrix of data is generated from this process.

The last steps of the field processing involve digital sampling of the integrator voltage output,
plotting of field records of the output for quality control, and field evaluation of detected
anomalies. The digital data passing quality control checks is stored on floppy disk for further
processing off site. Details of the processing were not disclosed by the contractor but were
identified as involving the following steps:

1) Automated editing and removal of extreme noise as unusable offset logs.

2) Automated amplitude static corrections to eliminate variations in the individual logs caused
by changes in source strength in and around noise features.

3) Automated signal-to-noise enhancement using 0.1-foot samples to generate resolution for the
final 0.5-foot sampled offset logs input to the model process.

4) Generation of one-dimensional log models.
5) Design of two-dimensional and three-dimensional model weights.
6) Three-dimensional surface-integral modeling.

The final steps are development of 3-D images, maps and cross-sections using EarthVision
software and annotation using Silicon Graphics’ Showcase software.

Results

A simple resistivity spectrum involving six resistivity ranges (colors) was chosen to model and
present the data. The resistivity values in the spectrum reflect the following geologic strata:

Soil T Resistivity (Q-m)  Resistivity (Qm)y  Conductivity (mS/m*

clay <45 45-55 >22

silty clay 45-55 55-80 18.2-22
silty sand 55-80 80-120 12.5-18.2
clean sand 80-120 120-300 8.3-12.5
and gravel

* - same soils containing hydrocarbons
+ - corresponding conductivity of water saturated soil types indicated in the first column
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A 3-D resistivity image produced from the data is shown as Figure 4.22. This figure illustrates
two significant regions with resistivity >55 ohm-meters (conductivity <18.2 mS/m). The eastern
region, which comes very close to the surface near borehole B-7, contains a significant core of
material with >120 ohm-meters resistivity. Having ruled out the possibilities of an enormous
free-product plume (based on intrusive sampling) or a large bedrock knob, the contractor
attributes this to “a dichotomy condition of electrical resistivity resulting from the presence of
hydrocarbon containing vertical fractures.” It is not clear in the contractor’s report where these
fractures are believed to be located. The presence or absence of such fractures could not be
verified within the scope of this investigation. :

Productivity/O

Data acquisition began on April 27, 1994 and was completed April 29, 1994. Processing began
the following day with the first model being created on May 1, 1994. Ames Laboratory
personnel were briefed on the preliminary findings on May 2, 1994.

Commentary

The contractor has not alluded to the potential for significant cultural interferences to affect the
EOL results at this site. In fact, the transmitter loop was deployed within a few feet of vehicles,
chain link fences, stacks of steel piping and even within buildings (including a steel shed).
Adding to this the fact that only one receiver well was used, a limitation which the contractor did
recognize, it may be concluded that the data were acquired under less than ideal conditions.
There presently is no physical evidence to support the contractor’s hypothesis of vertical
fractures containing hydrocarbons in this region. Furthermore, the proprietary algorithm for
processing raw logs could not be evaluated. Without a clear understanding of how the data was
handled, it is not possible to comment on the integrity of the method used.

The resistivity values measured in this survey are significantly higher than those measured with
the EM-39 logging tool (i.e., the highest resistivity values measured with the EM-39 are on the
order of 22 ohm-m for the unweathered limestone (corresponding conductivity of 45 mS/m)).
“Since the EM-39 borehole logging technique is a well established SOPT, these results may be
considered as more representative of the site soil and rock resistivity characteristics.
Comparisons will also be made with the Geoprobe conductivity logging in a later section.

4.1.6 Summary - General Comments on Geophysical Surveying Results

Of the geophysical techniques used at the site, only the seismic refraction and borehole logging
appear to provide confident data. The results of the seismic refraction compared reasonably well
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(usually within about two to three feet) with the existing BVWST data in terms of defining the
bedrock surface. The borehole logging results were also verified by the BVWST borehole logs.
The borehole logging results added no new information to the characterization effort beyond the
interpreted interface between weathered and unweathered bedrock; these results, however, were
useful for calibrating and verifying some of the other intrusive techniques discussed in later
sections of this report.

The GPR data added little useful information to the characterization effort. The 300 MHz data
appeared to locate shallow foundations and services, but this aspect of GPR logging was not an
important part of this project. For the 100 MHz survey, it is unlikely that the depth of
penetration of the radar signal was as deep as the contractor claims. There is also significant
potential error in trying to determine the depth to bedrock. The bedrock high or pinnacle noted
by the contractor at stations 18 to 20 (see Figure 4.4) tends to correspond to a bedrock high
determined by the refraction survey. The GPR 100 MHz line is superimposed on the refraction
depth to bedrock map on Figure 4.23. Significant uncertainty in the two-way travel times,
however, make interpreting the depths to any better than within 5 to 10 feet impossible.

" As there are no depth indications on the seismic reflection "interpreted” profiles and no clear
indication in the contractor’s report as to how to calculate the depths, quantitative evaluations
and comparisons with other data are not possible. Qualitative comparisons of stratigraphic
profiles produced by the seismic reflection interpretations with those produced from intrusive
data showed poor matches.The EOL survey data does not appear to correlate with any observed
features at the site and the contractor’s explanation of the observed anomalies appears
questionable.

1t appears that the seismic reflection and EOL contractors may have come to the site with
preconceived notions of the conditions at the site. The seismic reflection contractor found
lineaments in the bedrock from the same aerial photos that other experts who viewed them could
not confirm, and the EOL contractor seemed to be focused on finding large hydrocarbon plumes.
The level of confidence in the results obtained by these two methods is not high.

4.2 Phase I Contaminant Screening Technologies

Based on a previous site characterization performed by BVWST, the lateral and depth
distribution of the PAH contamination could be qualitatively estimated (see Chapter 2). This site
was considered an important opportunity to evaluate a variety of screening technologies for
SVOCs. In addition, the results could be used to confirm the previous plume estimates and to
assist with the planning of the Phase II contaminant screening and sampling/quantitative analysis
activities.
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MLs 3 to 27 were laid out to bound the expected edges of the PAH plumes (see Figure 4.24).
The sampling locations were set up in triangles with about a 50 foot separation between the
locations; due regard was given to the interfering structures on the site. ML.-1 and ML-2 were
assigned to the calibrating hollow stem auger boreholes which were placed on the extreme east
and west edges of the site (HSA-1 and HSA-2, respectively), well away from suspected
contamination zones. The sampling network covered most of the site except its extreme western
edge.

The suite of Phase I screening technologies fielded included kits from all three of the available
IMA vendors that could detect PAHs at the time of the demonstration (Ensys, Millipore and
Quantix), an innovative CL system, and active and passive soil gas measurements.

A Geoprobe system mobilized on site by the active soil gas measurement contractor, Global
Environmental, Inc., was used to actively sample for soil gas, install the passive gas instruments
and take soil core samples to provide duplicate samples for the IMA and CL techniques at each
of the 24 MLs. Two depths were investigated at each ML; one shallow, typically at a depth of
about 5 feet, and the other deeper, at a depth of 10 to 15 feet. As a result, there were a total of 48
sampling locations for the screening program. The shallow depth samples were recommended
by Northeast Research Institute (NERI), the passive soil gas vendor. The deeper measurements
were an attempt to sample below the relatively impermeable upper cohesive unit and improve
the detectability of the active soil gas measurements for the deeper lying PAHs. According to
BVWST, the water table was typically in the middle of the granular unit in 1992. However,
historic heavy rains in the summer of 1993 raised the water table into the lower levels of the
upper cohesive unit on the western half of the site. Since active soil gas measurements require
unsaturated soils, the deeper set of samples on the west portion of the site had to be taken in the
upper cohesive unit rather than in the upper reaches of the more permeable granular unit.

Because the results of the IMA and CL tests are basically only qualitative, it was decided that
duplicate soil samples would be used rather than splits. These soil samples were taken as close
as possible to the locations where the soil gas measurements were made. In addition, six
duplicate soil samples were taken and analyzed off site for moisture content and PAH
concentration by high pressure liquid chromatography (HPLC).

4.2.1 Immunoassay
Descrinti
IMA is a technology that was developed by the medical testing community and is based on the

very high selectivity of enzyme reactivity that permits sensitive analysis of organics in the
presence of many potentially interfering compounds. The IMA kits, which require little training
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or expertise to use, give results on site in a matter of minutes using color-coded liquid
extractants. However, they detect a weighted average of the PAHs of interest and can only be
used in a screening mode. Ensys and Millipore are gravimetric measurements while Quantix is
volumetric. Each company was contracted for 75 kits and associated training for three
employees, which was done at the Ames Laboratory prior to site measurements. The three Ames
Laboratory employees who were trained by the IMA vendors made all of the on-site IMA
measurements. The employees had no formal training in the use of the IMA test Kits prior to this
project. Evidence of operator dependence was not apparent in the IMA results, confirming the
ease of use of this method and minimal requirements for the analyst.

Results

The results from the three IMA analyses are reported in units of parts per million (ppm) by
weight for Ensys and Millipore and ppm by volume for Quantix in Table 4.3. In some cases
values are given as ranges. A row with n.a. means that the sample was not analyzed or that a
sample suitable for IMA analysis could not be obtained.

From Table 4.3 it can be seen that the results from the three different IMA test kits for each
sample correlate very well in terms of indicating the presence or absence of detectable PAHs. In
order to examine the spatial variation of the level of PAH contamination indicated by the IMA
results, the results of Table 4.3 have been plotted at their respective MLs and contoured.
Considering that the Ensys and Millipore data are reported in terms of concentration ranges, log
scale-type contours were used; the Quantix results were contoured directly. The contour plots
are presented in Figures 4.25 to 4.27 for the shallow depths and in Figures 4.28 to 4.30 for the
deeper measurements. '

Several trends are evident from these figures. Careful inspection of the six figures shows that a
single curve can be drawn that separates the ND results from those with some detected level of
PAH and that these curves are nearly coincident for each of the two measurement depths.
Moreover, the three shallow and three deep contour plots agree very well with each other on the
location and shape of the PAH contamination distribution. The deep measurements tend to place
the centroid of the plume further west than the shallow data; this result was not anticipated
based on the BVWST measurements (e.g., see Figures 2.9 to 2.11). Indeed, the sampling
network chosen for this data set was based on the BVWST data set and was expected to overlap
both the eastern and western edges of the PAH plume. This was the first sign that contamination
in the 10 to 15 foot depth range extended further west than expected.

The efficacy of the IMA test results may be evaluated by comparison with the HPLC analytical

results contained in Table 4.3. Since the IMA technique is relatively insensitive to naphthalene,
the total PAH concentration less the concentration of naphthalene is used for comparison. Of
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six possible agreements, Ensys had four agreements and two false positives; Millipore had three
agreements, two false positives and one false negative; and Quantix had two agreements, three
false negatives and one false positive. In assessing these results, it is important to note that:

o as IMA kits are biased to false positives, the relative percentage of false negatives is a better
indicator of performance,

¢ duplicate rather than split samples were used, and,

¢ Ensys and Millipore are gravimetric, while Quantix is volumetric.

4.22 Chemiluminescence
Descrinti

The CL technique, developed and manufactured by Tauw Milieu of The Netherlands, was
discovered by Golder Associates of Albuquerque, New Mexico through a DOE EM-50 OTD
contract to seek out foreign-based environmental technologies. Golder Associates arranged for
Tauw Milieu to field and demonstrate their CL technique at the Marshalltown site. The
technology is being commercially marketed in Europe. It was selected because of its simplicity
and potential for quantitative analysis. Because we used duplicate and not split samples,
however, the quantitative analysis capability could not be reliably evaluated.

After proprietary liquid phase extraction from a soil sample, a chemical is added to the extract
and the luminescence is monitored by a simple solar cell-based detector that converts the emitted
light signal into an electrical current. The enhanced luminescence is easily visible to the naked
eye in the shade of a sunlit day. Calibration factors, using the results of HPLC analyses on
representative site samples, are required to convert the measured intensity of the light to
concentration. Results are reported in terms of total PAH concentration (not including
naphthalene) in units of ppm.

Results

The results of the CL analysis are given in Table 4.4 and log contour plots of the CL results for
the two depths are given in Figures 4.31 and 4.32. The shallow and deep plume configurations
defined by the CL results generally correspond with those defined by the IMA results. Some
western movement of the deeper plume, as indicated by the deep IMA results, is also evident in
the CL results. The presence of a single plume as evidenced by the capability to draw one curve
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separating ND measurements from detects is also confirmed for the CL data and correlates well
with the IMA results.

" When comparing the CL measured concentrations with the HPLC results (less naphthalene),
within a factor of two, three agreements, two false negatives and one false positive may be
observed. The measured results also agree in a general sense with the IMA results.

4.2.3 Passive Soil Gas
Descrinti

The passive soil gas measurements were made using the NERI Petrex system, which has been
widely used for VOC detection but only rarely for SVOC detection. Unlike active gas
measurements, this system has the advantage of being able to operate within the saturated zone.
(Attempts to field a similar system from Gore Technologies were not successful because of
procurement difficulties.)

Each Petrex soil gas sampler consists of two or three adsorption elements or collectors
(ferromagnetic wire coated with activated charcoal) housed in a resealable glass container in an
inert atmosphere. The Petrex system requires placement of an unsealed sampler into a covered
hole for a period of 5 to 10 days. Volatile gases are adsorbed through vapor diffusion from the
soil over the exposure period in the soil. After the samplers are retrieved from the holes,
resealed and returned to the vendor, one collector from each sampler is analyzed by Thermal
Desorption/Mass Spectrometry (TD-MS). Selected second collectors were analyzed by Thermal
Desorption-Gas Chromatography/Mass Spectrometry (TD-GC/MS) for compound confirmation.
GC/MS measurements are only attempted if the MS spectra are too complex in the direct mode
and some degree of separation is required before MS analysis can be reliably made. Total time
from insertion of the collectors to receipt of the analytical results was 20 days for the Ames
Laboratory’s samples. The results for naphthalene, anthracene/phenanthrene (A/P) and
fluoranthene/pyrene (F/P) are reported in ion counts in Table 4.5. Anthracene/phenanthrene and
fluoranthene/pyrene are grouped together because they have the same atomic masses and their
spectral peaks are indistinguishable.

Results

Figures 4.33 and 4.34 display contour plots of the ion count results for the shallow and deep
naphthalene measurements. Comparing shallow to deep data for naphthalene clearly shows the
previously noted western trend of this contaminant plume for the deep measurements. The
shallow and deep results for A/P are plotted in Figures 4.35 and 4.36, respectively, while the
shallow and deep data for F/P are plotted in Figures 4.37 and 4.38, respectively. The plots for the
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deep A/P and F/P measurements continue to show hits in the western portion of the site which
the shallow plots do not indicate. In addition, it may be noted that the relative size of the plumes
shrinks from naphthalene to A/P to F/P. Little detectable F/P or A/P was found in the deep data
set. In fact only ML-12 and ML-18 have detectable concentrations of A/P in the shallow zone
while ML-12, ML-18 and ML-25 have detectable concentrations in the deep zone. Clearly the
higher number of naphthalene hits compared to the other measured PAHs is due to its relatively
higher volatility, which is crucial for this type of adsorptive technique which relies on vapor
transport through the soil; the higher the volatility, the larger the volume of soil which will have
vapors accessible to the detector. The relative distribution and concentration of naphthalene and
phenanthrene, derived from the quantitative information and discussed later, strongly suggests
that the reduced counts for the phenanthrene relative to naphthalene is not due to reduced
concentration of phenanthrene.

4.2.4 Active Soil Gas
Descrinti

The active soil gas measurements were performed by Global Environmental, Inc., of South
Dakota' using their Geoprobe system to extract soil gas from the shallow and deep zones as
defined previously. The active soil gas technique basically requires unsaturated soils; if saturated
soil was encountered and soil vapor could not be collected, the space in the Geoprobe core
sleeve was sampled before capping. The concentrations of BTEX and naphthalene gases were
measured directly in the field with both a gas chromatography/flame ionization detector
(GC/FID) and gas chromatography/photoionization detector (GC/PID) instrument. (Although
the contract called for measurements of naphthalene as the most volatile PAH, the vendor also
provided quantitative results for BTEX gases as well.) The HP5890-Series II gas
chromatography (GC) instrument was calibrated on site using reference gas standards. The
results for both the GC/FID and GC/PID measurements for both the shallow and deep zones are
given in Table 4.6; the BTEX results, although included in Table 4.6, are not discussed in this
report. The results are reported in units of pg/L of vapor.

Results

The data in Table 4.6 shows that the PID was more sensitive to naphthalene than the FID. In
cases where naphthalene was detected by the FID the agreement with the corresponding PID
measured concentration was very good. Log contour plots of the shallow and deep FID
naphthalene data are shown in Figures 4.39 and 4.40. A single plume is evident at the lateral
resolution of the grid at both depths. Some data are not available due to difficulties with
inserting the Geoprobe rod to the proper sampling depth. The centroid of the plume at the
shallow depth is to the southeast of the centroid of the deeper plume and, as seen with the some
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of the other screening technologies, the deeper plume extends further to the west than the
shallow plume, The active soil gas plumes generally agree with the plumes deduced from the
IMA and the CL results. The naphthalene passive gas contour plots (see Figures 4.33 and 4.34)
tend to indicate larger plumes than the active soil gas results in both the shallow and deep zones.
Note in particular that significant hits were detected at ML-11, ML-12, ML-13 ‘and ML-18 in the
passive gas measurements while the active gas measurements had non detects at these locations.
The passive gas measurements thus seem to be more sensitive to detecting naphthalene than the
active gas measurements,

This use of GCs to search for SVOC plumes is not typically attempted because of the lowered
volatility of the SVOCs compared to the VOCs. Clearly, where naphthalene is suspected, active
soil gas measurements with unmodified VOC GC columns can be used with some expectation of
success.

4.2.5 Summary - Phase I Contaminant Screening Technologies

The results of the Phase I contaminant screening technologies generally compare well with the
BVWST results for stratigraphic zones 1, 2 and 3 presented in Chapter 2. The plumes are
generally centered around the former purifier building (see Figure 2.2) and extend down toward
the storage shed at the southern end of the site. Analytical results for BVWST boreholes B-02,
B-04, B-05 and B-06 generally indicated the highest levels of PAH contamination. All of the
Phase I screening results tend to yield plumes centered near the former purifier building.
Analytical results for boreholes B-08, B-13 and B-14 indicated that the top two stratigraphic
zones in the southcentral part of the site also contained PAH contaminants. The Ensys and
Millipore IMA results and the passive gas results for the deep screening zone for Ml1-12 and ML-
18 have indicated significant PAH contamination in this region; the other screening techniques
have partially detected it (CL) or completely missed it (active gas). A significant finding of the
Phase I contaminant screening study was that PAH contamination existed further to the west
than it would appear from the BVWST data. In particular, the BVWST analytical data for B-15
from zone 2, corresponding to the deep screening tests, indicate no PAH contamination (the
analytical results for samples from this depth range gave non detects). The deep zone IMA
results and passive gas results, in particular, exhibit significant levels of PAH contamination at
ML-24 and ML-25, indicating that the plume could in fact extend farther to the west.

4.3  Phase II Minimally Intrusive Geological Characterization and Contammant
Screening

Two minimally intrusive, direct push characterization technologies were fielded during the
Phase II investigations at Marshalltown: an innovative cone penetrometer testing (CPT) system
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(the Site Characterization and Analysis Penetrometer System (SCAPS)) and an innovative
Geoprobe direct sensing soil conductivity sensor. The SCAPS was contracted through the
Kansas City District, Corps of Engineers while the soil conductivity sensor unit was contracted
" through Geoprobe Systems of Salina, Kansas. The objectives of this phase of the investigation
were to confirm and further refine the site geologic and contamination conceptual models as
defined through the Phase I activities (following the ESC approach) and to compare and evaluate
the CPT and Geoprobe systems. A key objective for the direct push technologies was to further
define the topography of the LCU. While an integral part of the stratigraphy, this is especially
important considering the transport characteristics of the denser-than-water non-aqueous phase
liquid (DNAPL) coal tar residue and potential remediation schemes, such as free product
pumping. These technologies, however, are limited in providing direct data to the define the
surface of the bedrock.

Besides providing continuous stratigraphic profiles, the SCAPS was equipped with a LIF sensor
system which could detect petroleum, oil and lubricant contaminants in the subsurface. A
continuous log of LIF response with depth could be provided at a push location. The Geoprobe
conductivity sensor provided a continuous log of conductivity with depth at a push location. As
indicated in Section 4.1.5, the resistivity of a soil increases (conductivity decrease) with
increasing hydrocarbon contamination; thus, in addition to providing stratigraphic information,
the Geoprobe conductivity logs could also be used as a contaminant screening tool.

Another valuable source of data for comparison with the CPT and Geoprobe conductivity data
and for further development of the site geologic and contamination models was the visual
description logs associated with each of the soil samples collected for quantitative chemical
analysis (which is described in Section 4.4). The soil samples for this effort were collected by
McLaren/Hart Environmental Engineering Corporation personnel operating a Geoprobe Model
8-MU sampling system. Core samples two feet long by one inch in diameter were collected
from the six subsurface zones at specified depths. A detailed descriptive log of each of the 127
samples collected was kept and data on cere recovery, date, time, sample number, depth, soil
description, water content and visual/odor evidence of contamination were recorded.

The following sections describe the SCAPS CPT and the Geoprobe systems and geological
characterization results using these technologies. This is followed by contaminant screening
results using these technologies. Comparisons with other technologies and results were made and
the site geologic and contamination models were updated and revised in the light of these results.
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4.3.1 Cone Penetration Testing
Descrinti

‘The SCAPS CPT system was developed by the U.S. Army Engineer Waterways Experiment
Station (WES) of Vicksburg, Mississippi under the sponsorship of the U.S. Army Environmental
Center. The objective of SCAPS is to provide a cost-effective and rapid method to determine in
situ soil conditions and detect and delineate petroleum, oil, and lubricant (POL) contaminants for
site screening and characterization. The SCAPS is comprised of a twenty ton truck equipped
with hydraulic rams used to push instrumented sensor probes into the ground. Data acquisition,
processing, and storage are handled via electronic signal processing and an onboard computer
system. The SCAPS utilizes tip and sleeve resistance measurements for continuous soil
stratigraphic profiling while simultaneously using either resistivity or LIF to obtain further
subsurface information such as pore fluid characteristics and the presence of POL contaminants.
The SCAPS graphic output, or "panel plot," displays the soil classification data, and either
fluorescence intensity and peak wavelength or resistivity data plotted against penetration depth
(in feet) below ground surface. An example panel plot is shown in Figure 4.41. The panel plot
information may be viewed in real time on an onboard computer screen; this real-time
information is especially useful in determining when to terminate the push. In addition, soil and
groundwater samples may be obtained from selected depths. A Hogentogler sampler was used at
this site to collect one inch diameter by eight inch long soil samples. The SCAPS has the ability
to grout through the cone tip on retraction of the push rods.

Soil Profiling Capabilities, Strain gages in the cone tip are used to measure the resistance
against the cone tip (end bearing stress) and sleeve friction as the cone is advanced into the
ground. Both measurements are recorded in tons per square foot. Empirical relationships have
been developed to classify the soil type based on the cone tip and sleeve friction measurements
(e.g., Olsen, 1988; Olsen and Farr, 1986; and Chiang, Loos and Klopp, 1992). This technology
has been applied in geotechnical engineering site investigations for several decades.

Panel plot outputs from the CPT instrumentation show the tip and friction sleeve resistance as
well as the soil classification based on the friction ratio versus depth (see Figure 4.41). _
Environmental factors such as grain size and gradation, angularity of particles, overconsolidation
ratio, soil density, and coefficient of lateral pressure influence the tip and friction sleeve
resistance (Douglas and Olsen, 1981). CPT soil classification may be ambiguous in mixed soils.
Therefore, a continuously logged soil borehole from the site should be used to calibrate and
verify the CPT soil classification log.

Laser Induced Fluorescence (LIF) Sensing. The SCAPS LIF system sends 337 nm excitation’

pulses from a nitrogen laser down a fiber optic cable in the cone rods through a sidewall
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mounted sapphire window to induce fluorescence of the POL fluorophores. The sapphire
window is about two feet above the cone tip and provides a rugged and relatively optically clear -
interface between the soil and the ends of the fiber optic cable. The induced fluorescence is

" collected on a separate fiber optic cable and returned to the surface where it is spectrally
analyzed using a linear photodiode array in a continuous window mode.

The fluorescence spectrum consists of photon counts measured at a rate of 1024 points over the
wavelength range from 300 to 800 nm for every 2 cm depth interval. The panel plots showing
the fluorescence results are produced by plotting the maximum fluorescence intensity over the
350 to 600 nm range, and the corresponding wavelength at which the maximum intensity
occurred (see Figure 4.41). Since different fluorescing compounds have different characteristic
fluorescent spectra, a change in wavelength associated with the maximum intensity is indicative
of a different compound or set of compounds giving rise to the fluorescence.

Laser excitation of many (three or more) ring PAH compounds will cause fluorescence,
however, excitation wavelengths lower than 337 nm are required to cause fluorescence of lighter
aromatic hydrocarbons such as BTEX compounds. Interferences which can affect LIF response
include fluorescing minerals, fluorescent dyes used as tracers or in antifreeze fluids, optical
brighteners used in laundry detergents and septic system effluents, and sunlight penetrating the
optical window in the top few inches of soil. Accordingly, a high intensity fluorescence does not
always signify that a contaminant is present; however, experience with LIF technology has
shown that the technique is generally reliable as an indicator of PAH contamination (Stenback et
al. 1994).

The efficiency of the laser signal depends on several factors including abrasion of the sapphire
window and pitting and misalignment of the optic fiber. To recognize and correct for a signal
degradation, the energy transmission of the LIF sensor is evaluated before and after each LIF
penetrometer push. Prior to each LIF push, the LIF probe is suspended from the chuck and a
cuvette of rhodamine solution is placed against the sapphire window. The laser is fired on the
cuvette. The process is repeated after each push. Any degradation of the LIF response to the
rhodamine solution is assumed to be linear and a linear correction is applied to the fluorescence
data obtained during that particular push. g

LIF intensity data is commonly presented as the response or counts above background, where the
background LIF response is obtained from an uncontaminated, representative sample of soil
from the site. The soil sample is pressed against the sapphire window and the laser pulsed to
obtain ten emission spectra. This background distribution would then be subtracted from
subsequent LIF measurements to obtain the LIF response above background.
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Results

The CPT push locations are shown on Figure 4.42. A total of 43 stratigraphic logs were acquired
at 34 push locations. The panel plots for all of the pushes are in Appendix B. To avoid opening a
conduit for potential contaminant migration into lower stratigraphic units, penetration tests were
ended, in most cases, as soon as fluorescence data were collected down to the top of the LCU.
Because of problems with probe breakage and apparent coarse gravel and cobbles in the 16 to 20
foot depth range early in the program, an uninstrumented "dummy probe" was used to pre-push
holes at many of the locations. In fact, an LIF and a resistivity probe were broken at ML-33 and
another resistivity probe was broken at ML-115. Due to the dummy rod pushes, however, many
of the CPT logs have no soil stratigraphic data in the upper 20 feet. Of the several resistivity
pushes which were accomplished at this site, review of the data indicates significant fluctuation
of resistivity values from one location to another, in much the same material. Hardware
difficulties are suspected; the data were not used.

Soil Stratigraphy. To calibrate the stratigraphic information generated by the CPT, two pushes
were made in close proximity to wells MW-3 and MW-4 installed and logged by BVWST.
Side-by-side comparisons are made in Figures 4.43 and 4.44. A high degree of correlation can
be seen between the adjacent logs. The CPT push location ML-28 was about 19 feet northeast of
MW-3; the surface elevations are within several inches of each other. There is less than a one
foot difference in the depth to the upper cohesive unit/granular unit contact when the logs are
compared, and there appears to be a gradational contact between the base of the granular unit
and the LCU demonstrated in both logs. However, the LCU is about three feet deeper at MW-3
than at the CPT push location.

The CPT push at ML-32 was located about 9 feet north of MW-4. The depth to the upper
cohesive unit/granular unit contact is within one foot. In both the CPT log and the BVWST
borehole log, the UCU grades over about a 2-foot depth from clay to a sand-gravel mix (top of
the sand-gravel at 19.5 to 20 feet). In both logs, the bottom portion of the granular unit or top
portion of the LCU contain interbedded sandy and silty clay strata, although the CPT logs seem
to portray slightly thinner layers; a gradational contact between the granular unit and the LCU is
again apparent. It should be noted that the CPT stratigraphic logs yield significantly more detail
on fine stratification than the hollow stem auger boreholes. This can be extremely important
when considering the fate and transport of DNAPLs, which would be influenced by finer details
of the stratigraphic layering. The CPT is, however, susceptible to unfavorable subsurface
conditions such as rubbly fill, coarse gravels and cobbles.

The repeatability of the CPT stratigraphic logging capability was evaluated by comparing CPT

logs ML032-F and ML032-R (LIF and resistivity pushes, respectively), which were pushed near
well MW-4 and.separated by about 5 feet (see Figure 4.45). The most significant differences
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visually between the CPT logs occurs in the top 10 feet, presumably in fill material. Otherwise
the logs show virtually the same stratigraphic profile. A clear conclusion of the comparison
between the borehole logs and CPT data is the increased level of stratigraphic resolution which
can be obtained with the CPT.

Contacts between the stratigraphic units at the site were interpreted from the CPT panel plots and
used to develop the site geological model. This is discussed in more detail in Section 4.3.3.

Contaminant Screening., In order to assess the efficacy of the LIF sensor response, nineteen soil
samples were collected by the SCAPS truck at locations where LIF pushes indicated the
presence of significant subsurface contamination. The soil samples were collected within
several feet laterally of LIF hits of interest. The samples were analyzed by WES personnel for
TRPH, (mg/kg) by EPA Method 418.1 using a field-portable equipment. The samples were
homogenized and a portion of each sample was held against the LIF probe sapphire window
while a fluorescence spectra was obtained for comparison with the TRPH analyses. These data
are listed in Table 4.7. The first number in the Sample ID represents the map location. LIF
intensity data from the adjacent CPT pushes were available for direct comparison with the TRPH
analytical results. These data are listed in Table 4.8. Generally, the data from Tables 4.7 and 4.8
indicate that fluorescence intensities greater than about 200 counts are associated with moderate
to high TRPH levels (high defined as > 500 mg/kg and low defined as <100 mg/kg),
fluorescence intensities less than 100 counts are associated with low TRPH levels, and
fluorescence intensities between 100 and 200 counts are associated with TRPH levels ranging
from low to high. However, four samples with TRPH reported as <25 mg/kg show fluorescence
intensities near 150 counts (see Table 4.7) and sample 81-1 shows high TRPH contamination
with a fluorescence intensity (collected following a dummy probe pre-push) less than 100 counts
(see Table 4.8). These exceptions aside, the LIF intensity shows qualitatively where
contaminated soil exists.

Also noted in Table 4.8 are the locations where LIF readings were taken in dummy probe pre-
push areas. Both large diameter (1.75 inch) and small diameter (1.44 inch) dummy probe rods
were used in pre-pushing. The diameter of the LIF probe is 1.44 inches. Three factors could
potentially affect LIF readings taken in a pre-push hole: the sapphire window may not be in
proper contact with the soil; the hole may cave slightly on removal of the pre-push rods; or,
contaminants from lower zones may be smeared on the pre-push hole wall as the rods are
removed. Table 4.8, however, indicates reasonable correspondence between the LIF readings
and TRPH results from adjacent soil samples, even in push ML-60 where the larger pre-push
rods were used.

The panel plots for all of the LIF pushes carried out were examined and average LIF intensities
were determined for each of the six stratigraphic zones. These data are tabulated in Table 4.9.
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Details on pre-pushes are also included in Table 4.9. Zones 1, 2 and 3 would be most affected
by the pre-pushes. In this regard, while data for the top three zones are presented, and the
adjacent samples lend support to the efficacy of the data in the pre-pushed region of the hole,
LIF data in the top three zones should be viewed as having a higher uncertainty than the data in
the lower zones.

Logarithmic scale contour plots of the average LIF intensity for the six stratigraphic zones are
shown in Figures 4.46 through 4.51. In the upper four zones the most significant feature is the
heavily contaminated zone in the northwest portion of the site, just to the east of the substation.
The general trend of the contaminated region is still, however, from the northwest to the
southeast through the central part of the site. Relatively high LIF readings were also noted in the
region of ML-97 in the upper four zones. The main plume for zone 5 (base of the granular unit)
extends from just west of the former purifier building to the southern portion of the site; elevated
LIF readings near the southern site boundary indicate that contamination has most likely moved
off the site in this zone. Significant hits were only detected in zone 6 (top of the LCU) at ML~
76 and ML-95 (see Figure 4.51).

Examination of the LIF panel plots revealed that elevated fluorescence intensity levels
commonly occur in the two to four feet of sandy soil immediately overlying the top of the lower
cohesive unit indicating a pooling of DNAPL on the lower cohesive unit. When LIF
measurements were taken in the top of the lower cohesive unit, the fluorescence intensity
reading typically dropped to near zero (for example, see Figure 4.41). This indicates that the
lower cohesive unit is tending to retard the downward migration of the DNAPL contamination at
these locations.

Many of the panel plots show elevated fluorescence intensity values within the upper cohesive
unit and within the upper and lower portions of the granular unit (see Appendix B for plots).
Elevated fluorescence intensities are occasionally found at several locations in sandy soils
overlying fine grained soils suggesting the presence of lenses acting as localized barriers to
vertical migration of contaminants causing contamination to pool on top of the lens (e.g., see
Figure 4.41). Elevated fluorescence intensities also occur in the granular unit with no apparent
stratigraphic barrier to limit contaminant transport. These occurrences appear to be associated
with light non aqueous phase liquids which tend to float on the groundwater table at about 20 to
22 feet below ground surface (see Figure 4.41). An interpretation suggesting varying
compounds with differing transport behavior is consistent with the distinct fluorescence spectra
observed from the samples analyzed by WES as mentioned above (Stenback and Kjartanson,
1994 and 1995).

Although the BVWST borehole B-1 indicates some fairly significant contamination in zone 3
(see Figure 2.7) in the northwest part of the site, the CPT LIF data suggest that this area of the
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site is more heavily contaminated than is indicated by the BVWST data alone. Moreover, the
CPT LIF results in this region tend to confirm the hits in the deep zone by the IMA (see Figures
4.28 to 4.30) and the passive gas naphthalene tests (see Figure 4.34) - the deep zone for these
tests approximately corresponds to zone 2. The CPT LIF responses in the southern part of the
site agree both with the BVWST data and the IMA and passive soil gas screening data for the
deep zone. In addition, the lobe centered at ML-97 in the LIF data is captured very nicely by the
deep IMA screening data, which has this lobe centered on ML-9 some 4 feet to the south of ML-
97. No evidence of this lobe appears in the shallow IMA data. The passive soil gas data for the
shallow and deep zones, especially for naphthalene, shows this feature as well. Only shallow
GC/PID naphthalene shows this feature while no evidence for it appears in any of the CL data.
The relatively low but persistent LIF hits at ML-33 on the eastern side of the site are not
confirmed by any other measurements of the PAH concentration in this region.

Productivity/O

A total of 43 stratigraphic logs at 34 locations were generated by the CPT system over the course
of 10 working days. The system averaged approximately 208 pushed feet per day. Encounters
early on with coarse gravel and cobbles that resulted in broken probes, led to a decision to push
an uninstrumented "dummy" probe to a depth of 15 to 20 feet at many of the locations before
advancing the instrumented probes. For this reason, stratigraphic information was not generated
in the upper 15 to 20 feet of many probe holes. Moreover, this reduced the stratigraphic profiling
productivity to an average of about 90 feet per day.

Several factors limited the use of the SCAPS in some parts of the site. The unit is designed for
use on level to gently sloping terrain with clayey to sandy soils with small gravel sizes. The
air-space above the truck must be free of obstructions such as power lines, and the large size of
the truck requires ample open space to maneuver. The CPT probes will not penetrate boulders,
cobbles, rubble, highly compacted soils, or sound bedrock.

Analog printouts of each log were produced within an hour of completion of the hole. Digital
data (as text files) were not available until near the end of the field work because of formatting
problems.

The CPT instrumentation was unique in its efficient production of reproducible stratigraphic
information which was of high vertical resolution and accuracy, coupled with minimum ground
disturbance. A clear disadvantage was its high susceptibility to unfavorable subsurface
conditions (coarse gravels, buried debris, etc.) and to above ground features (tight work spaces,
surface pavements, etc.).
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4.32 Soil Conductivity Probe
Descrinti

" A percussion soil probe system designed for direct sensing of soil conductivity was developed
recently by Geoprobe Systems, Inc., (Christy et al., 1994). The system was field tested at
Marshalltown as a comparable technology to the stratigraphic logging capabilities of the CPT
system.

The probe is approximately 1-1/8 inches in diameter and about 8 inches long with four
electrically isolated contact rings. The inner rings are 1 inch apart while the outer rings are
separated by a little over 2 inches. The probe is advanced into the ground using a hydraulically
powered percussion probing machine. Percussion is applied to the top of the probe rods at a rate
of about 30 Hz and may result in instantaneous forces greater than 12,000 pounds transmitted
through the probe rods (Christy et al., 1994). A signal cable attached to the probe is run through
the inside of the rods to a laptop computer-based data recording system. Depth measurements
are obtained from a stringpot system configured to measure the distance from the driving
mechanism to the ground surface. Data derived from this system are used to determine both the
depth of the probe and the probing speed. Conductivity measurements are displayed with
respect to depth in near-real-time on the computer screen. Data were recorded in spreadsheet
format and downloaded at the end of each field day.

Soil bulk electrical conductivity (termed simply *conductivity’) varies with soil type, water
content, pore fluid chemistry and type and level of contamination. High conductivities are
associated with clayey soils, low conductivities with sandy and gravelly soils, and sand/silt/clay
mixtures have conductivities that liec somewhere in between. Because the conductivity varies
somewhat for a given soil type between sample locations, comparing the conductivity log with a
soil boring log or CPT soil classification log is essential to properly interpret the conductivity
log. The true value in this technique is being able to extend stratigraphic information laterally
from a known vertical profile or to fill in areas between known vertical profiles. Changes in
conductivity are caused by changes in soil type, water content, and soil or groundwater
contamination. Accordingly, when used alone, the conductivity log leaves some doubt regarding
an accurate soil classification. It is quite effective, however, at delineating changes in the
subsurface properties.

Research by Geoprobe Systems, Inc., has shown the probe to produce reproducible logs and to
provide a high degree of vertical resolution for the discrimination of soil/sediment units (Christy,
et al,, 1994). The probe electrodes can be operated in either a Schlumberger array (using all four
electrodes) or dipole array (using only the upper pair of electrodes). The dipole array has the
potential of providing a higher degree of vertical resolution due to the closer electrode spacing.
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Results

A total of 27 conductivity profiles were collected. Their locations are shown on Figure 4.52.
The conductivity versus depth logs may be found in Appendix C. Each push was terminated on
a confident identification of having encountered the LCU (typically indicated by a rapid rise in
soil conductivity) or, in locations where the LCU was absent, on probe refusal.

Soil Stratigraphic Logging Capabilities, As with the CPT technique, the first soil conductivity
push was made adjacent to BVWST MW-3; this location is also called ML-28. The ML-28

locations were within 19 feet of MW-3; surface obstructions disallowed a closer approach.
Figure 4.53 shows the three profiles arranged with correlating vertical scales: soil conductivity
on the left, the BVWST borehole log in the middle, and the CPT stratigraphic log on the right.
The conductivity log is plotted in reverse (i.e., increasing conductivity toward the left) so that an
inflection to one direction or the other in conductivity is analogous to a similar inflection on the
CPT stratigraphic log (e.g., an inflection to the left in either log would typically be indicative of
a higher content of fine grained soils). With the exception of approximately the top six feet,
where the conductivity data is erratic, the correlation with the borehole log for MW-3 is good.
The top three to five feet of most conductivity logs demonstrated this same erratic conductivity
behavior. Possible explanations for this behavior include nonuniform infiltration of highly saline
solutions from winter road salting operations, poor ground-to-probe contact at shallow depths
and/or the erratic nature of the surficial fill.

Although, the soil conductivity log does not give a soil type interpretation directly, the
UCU/granular contact could be inferred by the distinct drop in soil conductivity between about
15 and 17 feet. It should be noted, however, that drops or dips in conductivity may also be
associated with coal tar residue contamination (discussed in more detail in the following section)
or gravelly layers.

Figure 4.53 shows that the depth to the gradational UCU-granular contact is within one foot on
all three of the logs. In terms of identifying the granular unit/LCU contact, however, both the
CPT and conductivity log indicate that the contact is about two to three feet higher in the
stratigraphic profile than the BVWST log indicates. The granular unit/LCU contact is inferred
by a distinct rise in the conductivity values. Both of these contacts could be easily identified in
most of the soil conductivity logs. The largest variation among the logs is the significant amount
of silt and clay between about 21 and 25 feet indicated by the CPT log. Neither the conductivity
log nor the BVWST log gave an indication of this. The soil conductivity logs can give the same
level of stratigraphic detail as the CPT logs when properly calibrated and verified.
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Figure 4.54 shows another comparison of CPT and soil conductivity pushes close to a BVWST
borehole. The CPT push at ML-60 and the soil conductivity push at ML-45 are within 13 feet
of B-8. The three logs gave good stratigraphic correlation. The soil conductivity log gives the
UCU/granular unit contact within one to two feet of the depth indicated on the BVWST log.
Similarly, the granular unit/LCU contact is at a depth within one to two feet on all three logs.
.The CPT log tends to show it about two feet higher than the BVWST log.

Conductivity levels change somewhat from one location to the next; some trends are apparent,
however. The clayey soils at the site tend to have conductivities in the range of 60 to 140 mS/m
(resistivity from 7 to 17 ohm-m) and the sands about 30 to 40 mS/m (25 to 33 ohm-m), with
gravels generally showing a conductivity dip of about S to 10 units below the level for a sandy
soil. These values are similar to those reported in Christy et al., 1994 for an alluvial site in
central Kansas containing interbedded sands, silts and clays. When the soil conductivity log
ML-28 is compared with the borehole induction log for MW-3 (Figure 4.17), it may be noted
that the borehole induction log is flatter both in terms of the ranges in magnitude of the values
(i.e., the soil conductivity log shows higher clay conductivities and lower sand conductivities)
and definition of stratigraphic contacts (i.e., the borehole induction log shows a much smoother
or "rounder" transition from one unit to another). The soil conductivity probe is in direct contact
with the soil and has a rather small measuring volume due to the relatively close spacing of the
electrodes; the induction borehole logging, on the other hand, needs to extend farther out into the
soil to avoid measuring simply the conductivity of the monitoring well materials. This may have
resulted in a loss of resolution.

Contaminant Screening Capabilities. During the implementation of the Geoprobe soil
conductivity probe system for the purpose of defining stratigraphic variations, a marked

downward inflection or dip in conductivity was recorded in several logs at the bottom of the
granular unit. This was underlain directly by the LCU, as interpreted from the logs. It was
surmised that the dip in the conductivity log may be the result of the presence of free phase coal
tar residue containing PAH:s in that zone, rather than a natural condition arising out of
stratigraphic changes. As noted previously, the bulk soil conductivity is significantly influenced
by the pore fluid conductivity; soils contaminated with PAH will have a lower conductivity and
will show a dip in their conductivity log. An example of this is illustrated in Figure 4.55. This is
the same group of BVWST boring, soil conductivity and CPT logs presented in Figure 4.54,
except that the CPT LIF log is given in this figure rather than the stratigraphic log. A subtle dip
in the conductivity log from about 33 to 35 feet corresponds to a strong LIF hit from about 32 to
34 feet. Moreover, dips in the conductivity log at about 22 to 23 feet tend to correspond to an
LIF hit at about 20 to 22 feet. Both the soil conductivity and LIF hits are confirmed by the
visual descriptions in the BVWST log (see Figure 4.55). A comparison between a soil
conductivity push (ML-54) and a nearby CPT push (ML-109) is shown in Figure 4.56.
Conductivity dips corresponding to LIF hits may be noted from 5 to 7 feet, 20 to 21 feet and 34
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to 36 feet. Following these observations, an analysis was conducted to evaluate potential
correlations of soil conductivity dips with the presence of coal tar residue.

By comparing the Geoprobe conductivity logs with the CPT logs (soil classification and LIF)
and/or the physical soil sample descriptions from the daily logbook, we gained some
understanding regarding the extent to which such dips in the conductivity correlate with PAH
contamination and/or the presence of gravel (or rock fragments as they are often referred to in
the field logbook) which will also cause a lower conductivity. The conductivity logs contain
many such dips, some obvious, others more subtle, as well as portions of conductivity trace that
are quite erratic showing irregular peaks and troughs. Most of these dips do not have either a
CPT log or physical soil sample to compare with to assess the cause of the conductivity change;
however, a few do and these are listed in Table 4.10. Table 4.10 shows the location
identification where a particular conductivity sounding was performed, the depths at which dips
in the trace occurred which can be correlated with the CPT or McLaren/Hart (MLH) data, the
suspected cause of the conductivity dip based on the CPT or sample description logs, the source
of information (CPT or MLH and location), and the approximate horizontal distance between the
conductivity push and the information source. In some cases the information source and
conductivity were taken at the same location and show identical (X,Y) coordinates, however,
such cases were actually separated by one or two feet and are listed as being two feet apart in
Table 4.10.

Based on the data presented in Table 4.10, we find that dips in the conductivity profile occur
adjacent to uncontaminated gravelly soil about 25 percent of the time, and adjacent to
contaminated soil free of gravel about 60 percent of the time. The remainder of the dips for
which a correlation was possible occurred near gravelly soil which showed evidence of PAH
contamination; this is not surprising since the PAH contaminants tend to migrate through the
coarse grained soil matrix (as well as within tension cracks, root holes and fractures within
clayey soils). It seems clear that, although the bulk of conductivity dips correspond to PAH
contaminated soil, occasionally we see that dips in the conductivity trace are due to the presence
of gravel (or cobbles) with little or no PAH contamination.

Productivity/0

The conductivity logging system produced 1022 feet of log in 32 holes over a period of six
working days. The system was operated by a two-person crew. Operation by a one-person crew
is possible, although productivity would be significantly lower. The data required minimal post-
processing (deletion of negative or repeat values). Digital conductivity and probing speed data
and field printouts were provided at the end of each work day for integration into the existing
site model.
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Occasional problems encountered during the completion of this work included electrode failure,
probe point mechanical failure, intermittent negative values in conductivity data and erratic or
extremely high conductivity values in the upper few feet of most profiles. Another short-coming
of the system was its inability to easily identify weathered carbonate bedrock, which was
encountered in some locations where the LCU was absent. Weathered bedrock displayed erratic
conductivity values which were not easily distinguished from inhomogeneity in the overlying
units. The probing speed output might be useful in this regard. In any case, positive
identification of the material could only be made subsequently with core samples.

The advantage of this system is its ability to provide a large number of profiles in a relatively
short time. Moreover, if required, it can be operated by a single person. It is also rather versatile
in that it can maneuver into small spaces and can penetrate most soil subsurface materials.

4.3.3 Interpretation from Minimally Intrusive Methods

In this section the data collected by the minimally intrusive methods are compared at a number
of locations where CPT, soil conductivity and soil sampling pushes and BVWST boreholes were
advanced within several feet of one another; these data collections are referred to as "data
clusters." The data are compared both in terms of stratigraphy and level of contamination. In
addition, the minimally intrusive data are compiled and analyzed on a site wide basis and
assessed in terms of their contribution to the development and refinement of the site geologic
and contamination models. Specific comparisons are made with both geophysical survey and
BVWST data. Data resolution, sensitivity and reliability issues are addressed. Moreover, the
evolution of the site geologic model, on a day-by-day basis, according to the ESC approach, is
presented. The usefulness of 3-D visualization and geostatistical techniques, such as kriging, is
also assessed.

Stratieranhic I :

Twelve clusters of CPT stratigraphic, MLH soil core sample, Geoprobe soil conductivity and
BVWST borehole logs were identified; the locations of these data clusters are shown in Figure
4.57. The selected clusters and stratigraphic details are listed in Table 4.11.

The SCAPS CPT panel plots give a soil classification according to clay, silt mixtures, sand
mixtures, sands, and sands and gravels. The BVWST boreholes provide a stratigraphic log. The
MLH soil classification is a visual description recorded in the daily logbook as each soil sample
was collected. The Geoprobe soil conductivity log (Geoprobe in the table) provides a more
subjective soil classification interpretation; when calibrated against known soil types, however,
the main soil unit contacts and stratigraphy become relatively easy to interpret from the logs. As
shown in Table 4.11, the soil classification schemes agree quite well, with only a few exceptions,
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and these can generally be explained by local soil heterogeneities which may exist both
- vertically and horizontally over a distance of several feet at this site.

Depths to contacts between the upper cohesive unit and the granular unit, the granular unit and
the LCU and the overlying soil (either LCU or granular unit) and bedrock were interpreted from
the CPT stratigraphic and soil conductivity logs and input into a database for EarthVision. This
database is included as Table 4.12. The stratigraphic correlations between the push technologies
and the BVWST borehole log data in the two previous sections demonstrated that the contacts
between soil units can generally be interpreted from the CPT and soil conductivity logs with
confidence; interpretation of the bedrock surface from the CPT and soil conductivity logs is
somewhat more subjective. In most cases the advance of the CPT or soil conductivity probe was
terminated after having penetrated a few feet of the LCU; the surface of the bedrock in the three-
dimensional EarthVision model may be considered only approximate, therefore. In the eastern
part of the site, however, both the CPT and the soil conductivity probes are believed to have
come to refusal in bedrock at a number of MLs (e.g., broken resistivity and LIF CPT probes at
ML-33 at depths of 16 feet and 26.5 feet, respectively). Moreover, a continuously sampled
Geoprobe push was carried out directly adjacent to the soil conductivity push at ML-34 (see
Figure 4.52) to provide quantitative stratigraphic data to calibrate the soil conductivity sensor in
the eastern portion of the site where the bedrock is relatively shallow. The surface of the
weathered bedrock is not readily apparent even in this calibrated soil conductivity push,
however. Defining the surface of the weathered bedrock with the push technologies, therefore,
may be considered quite uncertain.

Two stratigraphic cross sections were prepared using the push technology stratigraphic data
alone. The locations of the cross sections are shown on Figure 4.58. Section AA ° (Figure 4.59)
was prepared using soil conductivity data as the primary stratigraphic information; the soil
conductivity logs are shown superimposed on the figure. As noted previously, the contacts
between the soil stratigraphic units are generally well defined, as illustrated on the western side
of the cross section between ML-45 and ML-59. Stratigraphic contacts from BVWST borehole
and CPT push logs close to the cross section were added at the appropriate locations along the
cross section; it may be noted that the UCU/granular unit contact given by the three
technologies’ logs corresponds to within about two feet while the granular unit/L.CU contact
corresponds to within about one foot. This may be considered excellent stratigraphic
correspondence between the technologies. The surface of the bedrock rises sharply in the region
of ML-37 to ML-36; sections of weathered bedrock several feet thick overlying unweathered
bedrock have been interpreted from the soil conductivity logs in the eastern part of the section.
It may be noted that the contacts between stratigraphic units are not nearly so clear in the eastern
part of the cross section as in the western part.
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The second cross section BB “ runs from the northwestern part of the site to the extreme eastern
part of the site (see Figure 4.58). This section, shown in Figure 4.60, was drawn using both soil
conductivity and CPT stratigraphic data. This cross section illustrates that significantly more
stratigraphic detail may be interpreted from the push technology logs than from borehole logs.
This cross section also shows the same general pattern of a relatively sharply rising bedrock
surface in the eastern part of the site. Comparisons with BVWST boreholes B-4 and B-6 are
good (see Figure 4.60). BVWST borehole B-5 shows the LCU surface about three feet lower
than in the cross section. This could be indicative of a localized low spot in the LCU surface;
note that the LCU surface drawn from the push technology data also dips down, but not as
strongly, in the same general area. This could also be a result of differing interpretations of the
depth to the frequently gradational lower contact.

A three-dimensional stratigraphic model of the subsurface was created using EarthVision based
on the interpreted stratigraphic contacts from the push technologies as noted above and listed in
Table 4.12. Several sections or vertical "cuts" were made through the model to allow
comparison with the BVWST borehole data. An east-west cut was made through the model at
500N (see Figure 4.61). Logs from nearby BVWST boreholes were overlaid on the cross section
at the appropriate locations. Correlation is generally quite good, except in the region of B-7
where the depth to the LCU is about 12 feet deeper. This cross section has the same general
stratigraphic patterns as section BB” (see Figure 4.60), including the dip in the LCU in the
vicinity of 600E. A major difference is, however, the rise in the LCU surface near 800E.

Further comparisons between BVWST data and the three-dimensional model were made using
several north-south cuts through the three-dimensional model. The north-south cut at 850E is
shown as Figure 4.62. The base of the granular unit is indicated to be one foot higher at the
location of BVWST borehole B-16 which is superimposed on the cut. Note that the LCU was
not detected at B-16. A second north-south cut at 825E is included as Figure 4.63. The log for
MW-3 is superimposed on the cut. Agreement of the model soil stratigraphic contacts with
those shown on MW-3 is within about one foot. A third north-south cut at 750E is included as
Figure 4.64. The BVWST logs for boreholes B-3, B-7 and B-14 are included for comparison.
The surface of the LCU is within about one foot of the modeled surface at BVWST boreholes B-
3 and B-14. The surface of the LCU is indicated as being three feet deeper than the model at the
Iocation of borehole B-7. Correlation between the UCU/granular unit contact is within one foot
at the locations of boreholes B-7 and B-3. Borehole B-14 shows this contact about six feet
deeper than the model. These cross sections indicate generally good correspondence with the
BVWST logs.
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Key aspects of the ESC process are:

. data integration

. evaluation

. updating of the site geologic and contamination conceptual models on a daily basis, and
. flexible decision making in the field.

To demonstrate this aspect of the process, the evolution of an important geologic site
characteristic, the surface elevation of the LCU (or base of the granular unit where the LCU is
absent), was examined as the Phase II investigation progressed. The LCU surface elevation plan
was generated using soil conductivity, soil sampling and CPT stratigraphic data. The surface
elevation plans for Day 1, Day 2, Day 4 and Day 10 are shown as Figures 4.65 to 4.68,
respectively. It may be noted that the most significant changes in the LCU elevation plan
occurred in the first 4 days; the Day 4 and Day 10 plans are not significantly different. Figure
4.68 illustrates that the LCU generally dips towards the southwest; a relatively steep ridge with a
rise of about 10 feet trends from the northwest to the southeast across the site.

As noted above, EarthVision uses a spline function to develop the contours and no estimate of
uncertainty is made. Stenback (1995) has used a geostatistical approach to characterize the
elevation of the LCU surface and to estimate the degree of uncertainty in the contours
themselves. This approach uses a median polish algorithm (see Cressie, 1991) to account for
trend in the surface elevations. The residuals from the median polish were analyzed using a
geostatistical approach whereby a variogram was generated and kriging equations were used to
model the correlation structure in the residuals. A measurement error variance of 0.25 feet? was
included in the calculations. The values generated by the kriging algorithm were added to the
median polish surface. These values were in turn input into the contouring program Surfer; the
contour plot shown in Figure 4.69 was generated. Note that this surface is in general similar to
that shown in Figure 4.68. A contour plot of the prediction standard deviation corresponding to
the surface elevation contours shown in Figure 4.69 is shown as Figure 4.70. Note that the
standard deviations are lowest in the areas where there is the most data. A further evaluation of
the veracity of the kriged surface was carried out by comparing the LCU surface elevation given
by kriging to that given by the BVWST boreholes at the BVWST borehole locations. The
results are summarized in Table 4.13. It may be noted that the BVWST data suggest a lower
LCU surface for 12 of the 17 comparisons. In addition, the most significant deviations are at
BVWST boreholes B-2, B-7 and B-13. These differences are also apparent by direct comparison
of the nearest direct push log to the BVWST borehole location. The differences are probably
due to some local variation and heterogeneity in the stratigraphy as well as some interpretation
error. This is not surprising given the gradational contacts in some locations.
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the conductivity trace was generally irregular and a clear signal was not apparent; a "no PAH
signal" entry indicates that the conductivity trace was relatively level with no apparent dips
which would indicate PAH contamination. The MLH sample logs generally indicate whether
any product was noticed visually, such as sheen, or free phase product, together with an olfactory
determination, such as no odor, mild odor, or strong odor. The CPT data is reported as an
average LIF intensity over the region of comparison. Finally, the BYWST logs generally give a
visual indication of contamination, such as free product, tarry substance or oil sheen.

The data in Table 4.14 indicate generally good agreement between the olfactory, visual and CPT
classifications. Discrepancies can generally be accounted for by comparisons within several feet
vertically. For example, in Cluster 5 both McLaren/Hart and BVWST show free product from
depths of 30 to 32 feet, but the CPT LIF intensity is only about 50 counts indicating relatively
low PAH levels within this depth range. However, the CPT LIF intensity is about 300 counts or
more over the depth range from 32 to 34 feet, indicating high PAH levels over that interval. This
example provides further evidence of local heterogeneities in the soil stratigraphy.

The Geoprobe conductivity often shows good agreement with the other methods, but
occasionally shows ambiguous results. The ambiguity arises for several reasons. First, because
factors other than PAH contamination, such as soil type or pore fluid chemistry, can contribute
to a low conductivity reading. Second, the conductivity trace is often quite irregular due to
thinly interbedded seams of silts, sands, clays and gravels; accordingly, abrupt swings in the
conductivity trace make interpreting the dips very difficult. An example of a strong correlation
between soil conductivity(ML-~54), CPT LIF (ML-109) and soil sample descriptions (ML-118) is
data cluster 4. Recall that excellent contamination correlation was observed between ML-54
and ML-109 in Figure 4.56. The MLH soil sample descriptions support the soil conductivity and
CPT LIF interpretations.

Because the CPT soil classification is based on a cone tip and friction sleeve resistance, which
depends on the shear strength of the soil, among other things, one might expect that the soil
classification could be affected by the PAH contamination. However, examination of data
showing levels of PAH contamination based on LIF measurements, no evidence is seen to
suggest that the CPT soil classification is affected by the presence of PAH contamination. In
particular, compare clusters 4, 5, 6 and 7 in Tables 4.11 and 4.14. In addition, examination of
Table 4.14 shows no evidence that any significant PAH contamination is drawn down with the
CPT probe thereby producing falsely elevated LIF response in a relatively clean soil underlying
a contaminated region.

As discussed and illustrated in Chapter 2 for the BVWST RI data, important information resides

in the visual and odor comments in the MLH logs. The same logarithmic type scale used in
Chapter 2 is used again here. Given that free product corresponds to a concentration of about 10¢
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mg/kg and slight but definite odor corresponds to a concentration of about 1 mg/kg, the
following range is again appropriate:

Observations Scale Observations Scale
free product 6 mild odor 2
product sheen 5 slight odor 1
discoloration 4 no odor 0
strong odor 3

Table 4.15 contains visual/odor information interpreted from the MLH sample logs using the
above scale. Contour plots of this MLH data for the six stratigraphic zones are shown in Figures
4,76 to 4.81. In general, these results compare closely with what was interpreted from the CPT
LIF pushes (see Figures 4.46 to 4.51). The most significantly contaminated regions are to the
north and east of the storage shed and to the south and east of the substation. The eastern limits
of the most significantly contaminated areas identified by the MLH visual/odor data closely
correspond to those indicated by the CPT LIF contour plots. When comparing the CPT LIF and
visual/odor plots, it should be noted that different map (data) locations are being used to generate
the plots and thus the shapes of the plumes will be somewhat different. The density of MLH
sampling locations is heavily biased to the eastern part of the site; the rationale and background
for this bias is discussed in more detail in the next section. Examination of the visual/odor
contours for zone 5 (Figure 4.80) indicates that the most significantly contaminated regions are
confined to the depressed area (i.e., below the NW-SE trending ridge) of the surface of the LCU;
this trend corresponds to that observed in the CPT LIF zone 5 contour plot (see Figure 4.50).
Visual levels of contamination identified in the soil samples at ML-94, ML-96 and ML-57
confirm the significant contamination detected by the LIF sensor in the northwestern part of the
site near the substation. Moreover, major hits at ML-86 and ML-88 indicate that the
contamination extends to the extreme northwest corner of the site. Therefore, as was first
indicated by the Phase I screening data, and confirmed by the CPT LIF data, these data again
confirm regions of significant contamination in the northwestern part of the site.

Figure 4.82 shows the same cross section produced in Figure 4.59 (AA° in Figure 4.58) with
zones of heavy coal tar residue contamination added as indicated from the BVWST logs and
interpreted from the soil conductivity and CPT LIF logs. Only regions with LIF intensity greater
than about 200 counts were included. The most heavily contaminated regions are at the base of
the fill, within the UCU, at the top of the granular unit and at the base of the granular unit.
Continuity of contamination from one location to another is evident. The apparent levels of
contamination drop off sharply between ML-59 and ML-37; this is the same region where the
bedrock and LCU rise sharply.
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In terms of contaminant screening, the CPT LIF is the most direct qualitative methodology for
indicating regions of PAH contamination. The LIF responses have been corroborated by side-
by-side sampling with chemical analyses, by correspondence with nearby BVWST logs and
indirectly by the soil conductivity logs. The CPT LIF contaminant screening program has
indicated the extent of the heavily contaminated zone in the northwestern part of the site near the
substation and also highlighted the extent of coal tar residue contamination which is sitting on
the LCU. An attempt to capture a three-dimensional view of the LIF signal intensity is given in
Figure 4.83. These are visualizations based on the continuous nature of the LIF data with depth
and the extensive probings near the edges of the PAH plume. Figure 4.84 is a three-dimensional
EarthVision plot showing areas of significant contamination (LIF intensity >100) sitting on top
of the LCU shown as a continuous pink layer. It may be noted that the region of coal tar residue
contamination resting on the LCU generally follows the surface topography of this unit. There is
a good chance, therefore, that the DNAPL is moving off the site to the south, flowing down the
gradient of the LCU.

44  Quantitative Chemical Analysis of Soil Samples
4.4.1 Introduction

As noted in the introduction to Section 4.3, soil samples for quantitative chemical analysis were
collected by McLaren/Hart Environmental Engineering Corporation of Warren, NJ using a two-
person crew operating a Geoprobe Model 8-MU sampling system. Cores two feet long and one
inch in diameter were collected from the six subsurface zones at specified depths. In general,
soil samples were only taken at locations and depths where information content was expected to
be maximum based on all prior evidence, including BVWST information, Geoprobe
conductivity logging, CPT LIF and CPT soil stratigraphic data. Occasionally a two-foot section
was requested from a depth with the expectation that two contiguous zones would contribute
equally to the two-foot core. In these cases the prior stratigraphic evidence was of such quality
that nearly all of these types of cores met our stringent expectations and two distinct samples
could be generated from one core. A detailed descriptive log of the 123 core samples collected
from 29 MLs (see Figure 4.85 for locations) was kept and data on recovery, date, time, sample
number, depth, soil description, water content and visual/odor evidence of contamination were
recorded. A total of 127 soil samples were selected from the core samples and analyzed on site
for the 16 target PAH compounds. Twenty-one additional samples were so contaminated that
they were simply archived and qualitative GC/MS fingerprinting of the free product phase was
done using the sonication extraction method.

A major effort at Marshalltown was the fielding of five separate on-site GC/MS-based extraction
schemes for semi-volatile PAHs in soils. The extraction methods used were sonication,
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supercritical fluid extraction (SFE), thermal desorption, microscale and microwave extraction.
These five extraction schemes were coupled to three GC/MS instruments. Three subcontractors
were involved in this unusual activity; successful implementation of this activity required their

" complete cooperation in the field. McLaren/Hart provided all three GC/MSs in two mobile
laboratories and three of the extraction modules and their associated expert operators. Their
sonic solvent system consisted of a Tekmar Sonic Disrupter coupled to an HP Series I 5890 GC
with an HP 5970B MS detector, while their SFE system included an HP Model 7680T SFE
Module coupled to an HP Series I GC with an HP 5972 MS detector. Their thermal extraction
unit consisted of a Thermex extractor from Ruska Instruments with the same GC/MS unit as was
used for the SFE. They provided space in their mobile laboratories to accommodate the
microscale extraction module and a qualified chemist who was fielded by PACE of Minneapolis,
MN. A CEM Corporation Model 1000 Microwave Extractor was used by the same PACE
chemist inside the McLaren/Hart mobile laboratory. Very little additional training was required
to operate the CEM unit and it was provided by CEM at the site. Eighteen samples were also
sent off site and analyzed by MBT Environmental Laboratories, a division of McLaren/Hart,
using Method 8270B for SVOCs. Only the 16 targeted PAHs were measured by MBT.
Autosamplers were used to permit overnight analysis. The sonication and microscale extraction
analyses were done on one GC/MS instrument, the supercritical fluid and microwave extraction
analyses were done on a second GC/MS instrument, and the thermal extraction was done on a
third GC/MS instrument.

A critical issue in the evaluation of the extraction methods was how the samples were to be
homogenized before being split and sent to the six extraction methods (five on site and one off
site). Unless the split samples could be considered homogeneous, any deviation of the reported
PAH concentration could not be assigned confidently to the extraction method rather than the
sample concentration variance. A minimum of six inches of core length was required to satisfy
the soil quantity requirements for all six methods. In consultation with local and national
experts, the homogenization process decided on was to select the core to be homogenized,
remove it, cut it into small chunks with a knife and mix it thoroughly using a gloved hand. The
chopping and kneading process was repeated until the resulting specimen was visually and
tactually uniform. The cycle was then repeated once more. The sample was then separated into
seven pieces and distributed to the various measurement systems, with one sample held in
TEserve.

In terms of the site characterization goal of this project, samples were selected starting from
outside the expected plume area followed by moving toward the suspected plume with the intent
of using the low quantitation limits of the GC/MSs to map the action level limits of the plume.
This plan conflicted with the technology evaluation goal of the project because it led to a large
number of ND samples that could not be used for the technology comparison task. Nevertheless,
this site sampling plan was followed for the first several days of soil sampling. In addition,
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estimates of the sample analysis throughput were lower than expected and if this approach were
continued very few contaminated samples would be available for a systematic comparison of the
five extraction methods. As a result, after the first few days the sampling and analysis plan was
modified so that only samples judged to be contaminated were automatically sent to all five
extraction modules. Other samples were first analyzed using the sonication method. These
samples were then sent to the other extraction systems only if the sonication results confirmed
that PAH contamination was present. Even with this revised system implemented, however, a
significant number of the samples analyzed returned ND results.

A fortunate circumstance was realized after a few days that made the criteria for selecting the
contaminated samples for further analysis relatively easy. It was noticed that soil samples that
were characterized as having a slight but definite odor turned out to have PAH concentrations in
the 1 to 10 mg/kg range. This allowed better estimates as to which samples to send for analysis
without incurring any idle GC/MS instruments.

Table 4.16 lists the attributes of the samples that were analyzed by one or more of the five on-
site extraction methods, including sample number, map location (ML), depth, soil type,
stratigraphic zone from which the sample was taken, recovery, extraction methods used and an
indication of whether the sample contains PAHs above the detection limits. The analytical
results of each sample for the 16 PAHs, organized by on-site extraction type, are given in
Appendix D. A uniform method detection limit of 1 mg/kg was applied by McLaren/Hart for
each extraction method and for each analyte for the data reported in Appendix D. Some of the
samples were diluted five, ten, or even 100 fold prior to testing; if such a diluted sample returned
a non-detect result (ND, below the method detection limit), then it was recorded as <5, <10, or
<100 mg/kg, respectively (depending on the level of dilution) on the original MLH data
summary (McLaren/Hart, 1994). Due to the inherent significant uncertainty, these results were
not used in any of the analyses reported here and were excluded from the data set. Moreover, the
undiluted sample non detect values (<1 mg/kg) were assigned values of 0.5 mg/kg for analysis
purposes. This assumption is relatively conservative (as opposed to assigning them a value of
zero) and minimizes potential error. Data reported as being outside the linear working range of
the GC/MS instrument were simply used as reported.

The analytical results reported in Appendix D will be used both for comparing and evaluating

the on-site extraction methods in Section 4.4.2 and for characterizing the PAH plume in Section
4.4.3.
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4.42 Comparison of Extraction Methods
Extraction Method Data

Because a substantial portion of the results of the 127 soil samples tested on site by
McLaren/Hart were below the method detection limit, 15 samples taken from 10 MLs with a
relatively high proportion of results above the detection limit were chosen for comparison
purposes and extraction method analysis. Moreover, most of these samples contain data from
three or more of the five extraction methods that we wish to compare. The sample (map)
locations, MLH sample identification, site coordinates, sample depth, and logged soil type from
which the data were taken are listed in Table 4.17. For the data-in this analysis, some samples
were not tested by all extraction methods resulting in a 12.4 percent loss of potential data; of the
- remaining data, 33.4 percent are recorded as below the method detection limit. Out of 240
possible data subgroups (15 samples times 16 analytes), only 38 subgroups contain a measured
value above the method detection for all five extraction methods. Because of this difficulty, all
ND data were excluded from our analyses, unless stated otherwise.

Data Analysis

A series of percent recovery tests were carried out at the onset of the field program to examine
the relative extraction efficiency of the different extraction methods. The percent recovery data
were generated, in most cases, by testing five or six soil samples in duplicate, spiked with 50
mg/kg of each of the PAH compounds, for each method. One exception to this is the microwave
percent recovery, which is based on only two samples run in duplicate. The data from the
percent recovery tests are summarized in Table 4.18.

A preliminary analysis of the extraction method comparison data was carried out by Stenback
and Kjartanson, 1994 (samples MT-2-G017.2 and MT-2-G111.1 were not included in this
analysis). This preliminary analysis indicated that the microscale and microwave extraction
techniques were the most efficient techniques while the off site and the thermal techniques were
generally the least efficient. The differences in concentration given the techniques for the same
sample were significant, up to an order of magnitude or more. Possible explanations for this
behavior were explored. During the microscale and microwave extraction procedures the extract
was exposed to the atmosphere for a short time, potentially allowing some evaporation of extract
solvent. This was not accounted for in subsequent calculations and could be responsible for the
positive bias observed in the associated PAH concentration measurements. The off-site, fixed
base laboratory method called for concentration of the soil sample extract to a greater extent, in
accordance with the EPA 3550 method, than was done with the on-site extractions. Because the
PAH analytes tested are semivolatile, it is possible that some analyte could be lost along with
solvent during the concentration step thereby resulting in a bias downward. The off-site samples
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were capped and cooled during shipping to avoid losses due to evaporation during sample
shipping and handling. Shipping and handling losses are known to be potentially significant

. with VOCs, but were not thought to be significant with SVOCs. The significant differences and
deviations observed in the preliminary analysis triggered a more in depth analysis of the results;
this more in depth analysis is reported in Stenback and Kjartanson, 1995.

A major difference in this analysis from the preliminary analysis is that each datum was divided
by the average percent recovery values from Table 4.18, expressed as a decimal, for that method
and analyte. Because no percent recovery data for the thermal extraction procedure are
available, no adjustment for this method was made in the following data analysis. { As an aside,
the percent recovery data for the remaining four extraction methods are in agreement
directionally with the biases noted in the Stenback and Kjartanson, 1994 report.} The off-site
analysis results were also excluded from this analysis. Additionally, nonparametric statistical
significance tests were performed because some of the data being compared do not appear to
come from normally distributed populations. Other minor differences are discussed as they
arise below. There is no accepted method, or known true values, against which to compare these
data; accordingly, method comparisons here are made relative to the other methods in this study.

Method Bias and Precision. To detect method bias, examine method precision, compare sandy
versus clayey soil sample results and look for differences between methods as a function of
analyte, the data were grouped by soil sample and analyte (15 soil samples by 16 analytes = 240
categories). Depending on which extraction methods were used to obtain a result for that
particular sample and analyte category, up to five measurements may exist within each category.
The arithmetic average within each category was determined, i.e., averaging over extraction
methods, and each individual value was then normalized by dividing it by its category mean. A
derivation of some properties of this normalized variable, and reasons for its use, was given in
Stenback and Kjartanson, 1994 and is not elaborated on here. The means, standard deviations
and number of observations (soil samples) for the normalized analyte/method subgroups are
listed in Table 4.19. These give some idea of method bias and relative precision for each analyte
and method.

Due to the data normalization, bias is measured relative to one (1.0), i.e., means significantly less
than one suggest a bias downward while means significantly greater than one suggest a bias
upward. Method precision is measured by the standard deviations under the assumption that the
method standard deviation is proportional to the mean analyte concentration. In other words, the
standard deviations give an estimate of the proportionality constant, K, between the method
standard deviation (o) and the mean analyte concentration (1), that is, 6 =K.

Means of the normalized data by extraction method, i.e., averages taken over samples and
analytes, were compared to detect relative biases between methods using the nonparametric
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Kruskal-Wallis procedure using a 0.01 level of statistical significance. The results of the bias
comparisons are displayed below.

Kruskal-Wallis Analysi
Method Mean Standard Deviation n Mean Comparisons
Thermal 0.71 0.55 112 *

Sonication 0.84 0.36 128 *

SFE 1.01 0.38 166 ‘ *
Microscale 1.13 0.46 178 *
Microwave 1.28 0.43 100 *

Comparisons with no overlapping asterisk are significantly different at the 0.01 level, based on the Kruskal-Wallis
test at an overall significance level of 0.01. n is the number of observations above ND.

On the basis of the results presented in the table above, several of the extraction methods appear
to provide significantly different results. The thermal and sonication methods show a bias
downward., The microwave method shows a bias upward. The microscale and SFE methods
show no bias relative to each other. With the exception of the SFE and microscale methods
which do not show a statistically significant difference, this indicates that the extraction
efficiency increases in the order in which the extraction method means increase, as listed in the
Kruskal-Wallis analysis table above.

Soil samples were treated as replicates and differences between method precision were evaluated
using a nonparametric procedure. The variances, ¢?, provide an estimate of the proportionality
constant, K, between the method standard deviation, G, and the mean analyte concentration (L),
thatis, 0 = Ky Two variance estimates are given here. The first comes from a combination of
all the data for a given method and calculation of the variance by standard formulae. This may
be biased upward due to differences between analyte means because the variance estimated this
way includes variation between samples and variation, if any exists, due to differences between
analyte means. The second calculation gives a pooled estimate of the variance by calculating a
variance for each analyte (for each method) and pooling these together using their degrees of
freedom according to standard variance pooling formulae. This method accounts for differences
between analyte means, if any exists. Comparison of the two estimated variances (or standard
deviations) will indicate whether differences between analyte means are significant or not. The
table below shows the results of the two estimates of the standard deviation. A nonparametric
test for variance differences between extraction methods (Conover, 1980, page 241) using an
overall significance level of 0.01 was performed. The comparison results are displayed in the
table on the next page.
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Method (o] daf Pooled & df Comparison
Sonication 0.36 127 0.37 113 *
SFE 0.38 165 0.39 150 * *
Microwave 0.43 99 0.44 85 * *
Microscale 0.46 177 0.46 163 *
Thermal 0.55 111 0.52 96 *

Comparisons with no overlapping asterisk are significantly different at the 0.01 level of significance.
© = standard deviation, df = degrees of freedom.

Comparison of the two standard deviation estimates displayed in the table above show that there
is not an appreciable difference between the two. The implication of this is that the majority of
observed variation exists between samples, and only a relatively small amount of variation exists
between analytes. One exception to this is seen in the thermal extraction data for the analyte

benzo(a)pyrene which is discussed further in the Clayey Versus Sandy Soil Samples section

below. Additionally, the Extraction Method Bias by Analyte section below does indicate some
effect on some measured analyte levels with respect to the molecular weight of the analyte.

On the basis of the comparisons in the table above, the sonication method shows significantly
less variation, or greater precision, than the microscale and thermal extraction methods. The
microscale, microwave, thermal and SFE methods do not show any clear significant differences
in method precision from one another. Due to the nature of our data transformation (division of
each data value by its analyte/sample subgroup mean), the presence of a negative bias in the
method mean will tend to result in an underestimation of the method standard deviation while a
positive bias will tend to result in an overestimation of the method standard deviation.
Accordingly, the low standard deviation for the sonication method may be due to the fact that the
sonication mean also appears to be biased downward. However, this does not explain the large
standard deviation observed with the thermal extraction data, hence, it seems clear that the
thermal extraction data are quite variable, i.e., this analysis suggests that the thermal extraction
method has poor analytical precision (the method detection limit data discussed below are in
agreement with this conclusion).

Clayey Versus Sandy Soil Samples, To detect differences in method extraction between sandy
versus clayey soil samples, data as described above and used to generate the Kruskal-Wallis and

nonparametric variance analysis tables above were split into clayey and sandy groups. The
nonparametric Mann-Whitney test was used to test for differences between clayey versus sandy
sample means by extraction method. A squared ranks test described by Conover (1980, page
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239) was used to compare method precisions. The results of these comparisons are displayed in
Table 4.20.

The results shown in Table 4.20 indicate that the extraction efficiency for clayey samples is
significantly less (lower mean) than for the sandy samples for supercritical fluid extraction.
Otherwise, the other extraction methods show no significant differences (mean test p-values
>0.01) in extraction efficiency between sandy and clayey soil samples. All extraction methods
except the thermal extraction method indicate that the variation with clayey samples is
significantly greater (less precision) than the variation with sandy samples at the 0.01 level of
statistical significance.

It is worth noting that an analysis of the sandy versus clayey sample subgroups, as listed in Table
4.20, using pooled estimates of the standard deviations and classical Student’s t-tests yields the
same conclusions as the nonparametric mean tests listed in Table 4.20. Comparison of the
variances using pooled standard deviations and classical F-tests give the same conclusions as
reached in Table 4.20 with the one exception that the variance for sandy samples is significantly
less than the variance for clayey samples for the thermal extraction method. This occurs because
the pooled standard deviation estimates are nearly identical to those given in Table 4.20 with the
one exception that the standard deviation estimate for the sandy soils with the thermal extraction
data is s (pooled) = 0.30 (rather than s = 0.42, as in Table 4.20). This is due to significant
differences between analytes for the thermal method, in particular, the extremely low results for
benzo(a)pyrene. This results in a statistically significant difference between sandy and clayey
samples with p-value <0.001 using an F-test.

Extraction Method Bias by Analyte The means, sample sizes, and molecular weights for the
extraction methods are listed in Table 4.19 and these means are plotted by analyte in Figure 4.86.
Figures 4.87 and 4.88 show the means for clayey and sandy samples plotted by analyte,
respectively. The analytes are listed in order of increasing molecular weight (MW), with the
slight exception of the last two, dibenzo(a,h)anthracene (MW=278) and benzo(g,h,i)perylene
(MW=276), in Figures 4.86, 4.87 and 4.88. Bars indicating a significant difference (two-sigma,
or 95% confidence level) between two means are shown on each figure. These figures indicate
the trends in the extraction methods noted previously; i.e., thermal extraction generally least
efficient and microwave and microscale generally the most efficient. The figures also indicate a
general decrease in absolute bias with increasing analyte MW for microscale, microwave and
thermal extraction. :

Method Detection Limit Data A soil sample selected from the site was spiked at 10 mg/kg with
each contaminant, homogenized and split into 35 subsamples (five methods times seven
individual analytical tests) for a method detection limit (MDL) study that took place during the
first few days that the McLaren/Hart mobile laboratory was on site. Analyses for each of the 16
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analytes of interest were run seven times (six for SFE) using each of the five extraction methods.
The standard deviations of these analyses were used to obtain a method detection limit that is
equal to a Student’s t quantile for 99% confidence (upper-tail) times the standard deviation for
each method and analyte. The averages and standard deviations for the MDL data are
summarized in Table 4.21.

Using the spiked value of 10 mg/kg as a basis for comparisons, the column averages and their
standard errors (Std. Error of the Ave.) listed in the last two rows of Table 4.21 indicate that the
sonication method shows a slight overall negative bias, microscale shows an overall positive bias
and SFE shows no significant overall bias. These results are consistent with previous analyses.
The microwave method shows an overall negative bias and the thermal method shows a large
overall positive bias by a factor of about two. These results are inconsistent with previous
analyses, as indicated in the Kruskal-Wallis analysis. Itis not clear why the thermal method
results are so high and variable and why the microwave method results are so low; however,
these data were collected early in the program before laboratory procedures were well
established.

The method detection limits for each analyte and method are listed in Table 4.22. With the
exception of the microwave method MDL data, these data suggest that the detection limit of 1.0
mg/kg that was used in reporting analytical results was too low. All methods other than
microwave show MDLs consistently greater than 1.0 mg/kg. The thermal extraction method
MDL values range from 8.2 to 58.4 mg/kg over all analytes. The SFE extraction method MDL
values range from 6.4 to 10.8 mg/kg over all analytes.

For comparison, the overall relative errors based on the MDL study (Table 4.21) and from data
presented previously are listed in Table 4.23. The relative error is the standard deviation divided
by the mean, and is expressed here as a percentage. For the clayey, sandy, and combined
relative errors, the means listed in Table 4.20 were used along with pooled estimates of the
standard deviations. The pooled standard deviation estimates are essentially identical (within
about 10 percent) to the standard deviations listed in Table 4.20, with the exception of the
sandy/thermal extraction data (as mentioned above) which shows nearly a 30 percent decrease
with pooling,. »

Examination of Table 4.23 indicates that, with the exception of the sandy soil SFE data, the
relative errors for the field measurements are considerably greater than indicated by the data
collected for the MDL study. This is not too surprising for several reasons. It is not
unreasonable to expect field data to be somewhat more variable than data collected under
controlled laboratory conditions. Due to the ND data and the fact that not all extraction methods
were used with each sample, under-representation of data within some analyte/sample subgroups
may have introduced some bias and increased variance in our analysis of this data.
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The relative error calculations shown in Table 4.23 clearly indicate that the microscale and
microwave methods have low relative error, sonication has intermediate relative error, and the
thermal and SFE methods have high relative error, based on the MDL study data. For all five
extraction methods, the relative error with clayey soils is greater than the relative error with
sandy soils. For the field clayey and sandy samples combined, the microwave extraction shows
the lowest relative error and the thermal method shows the greatest relative error, in agreement
with the MDL study data. The combined sample field data indicate that the sonication,
microscale, and SFE methods show only slightly greater relative error than the microwave
method, and are not significantly different from one another.

s ¢ Extraction Method Analysi

Method bias and precision conclusions.are summarized in Table 4.24 and are discussed below.
The method bias comparisons clearly indicate that the thermal extraction efficiency is less than
(lower mean, negative bias) the sonication extraction efficiency which is less than the
microwave extraction efficiency (higher mean, positive bias). The microscale and SFE
extraction methods generally give intermediate resulits.

There is no definitive indication that any extraction method is more precise overall (see Table
4.24). On the basis of all the available data, the method precision for the thermal and microscale
extraction methods is significantly less than the precision for the sonication method. As
indicated in Table 4.24, a second parallel statistical analysis was carried out using 38 cases from
the data set which gave analytical determinations for all five extraction methods above the
method detection limit; this would eliminate this potential source of bias. These results indicate
that there are no significant differences in precision between any of the extraction methods (see
Table 4.24).

On the basis of all the available data, the clayey soil analytical results show greater variation
than the sandy soil results indicating greater precision with sandy samples for all but the thermal
extraction method. The 38 subsets of this data whereby all methods gave a greater than ND
determination indicate that only the microwave and SFE methods show greater variation with
clayey than with sandy soils, while the other methods show no variation differences between soil

types.

The means for the microwave extraction data tend to decrease with analyte molecular weight
(see Table 4.24). The means for the thermal extraction data tend to increase with analyte
molecular weight. This indicates that the absolute value of the microwave and thermal method
biases decrease for the higher molecular weight analytes. The SFE means tend to decrease with
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increasing analyte molecular weight with the sandy soil samples, but this effect was not observed
with the clayey samples. ,

The MDL study performed on site indicates that the MDL is greater than 1.0 mg/kg for all
extraction methods except the microscale method. The relative errors based on the field data
generally indicate poorer analytical precision than is indicated by the MDL data. The MDL
study data sets are small and were collected over a relatively short time frame during which the
on-site procedures were being established. The MDL data indicate that the microwave method
shows a negative bias while the thermal method shows a large positive bias; these results conflict
with biases indicated by the field data for both the thermal and microwave methods.

Because of the large portion of potential data for which no analysis was performed and because
of the high proportion of ND data, the data in this analysis do not always have equal
representation between soil types, analytes, or extraction methods, i.e., the data are unbalanced.
Accordingly, we have attempted to draw conclusions with some scrutiny and caution.
Nevertheless, the above mentioned differences between these extraction methods seem apparent
on the basis of this analysis. In particular, we find low thermal extraction results with high
relative error and high microwave extraction results with low relative error, while the absolute
value of the bias for both of these methods appears to decrease with increasing analyte molecular
weight.

As is often the case with studies of this nature, similar field studies performed by other workers
may yield somewhat different, possibly even conflicting, results. Even our analysis does not
give clear results in some cases, for example, compare columns two and three in Table 4.24
above. In light of this, and because of the need to gain regulatory acceptance of field laboratory
data for a full realization of the expedited site characterization process, at the very least, these
data clearly point out the need for enhanced field quality assurance and quality control (QA/QC)
and further field- and field-versus-fixedlaboratory method comparisons and/or method
validations.

4.4.3 Site Characterization Implications

To enable comparisons with the BVWST data and the contaminant screening data presented
previously, the quantitative data are plotted at the relevant MLs in terms of naphthalene
concentration, phenanthrene concentration, and total PAH concentration per zone. As discussed
in Section 4.4.1, five on-site extraction techniques and three GC/MS instruments were used to
generate the quantitative data. Due to its strong negative bias, the off-site laboratory data is not
included in this analysis. Moreover, because the thermal extraction results are generally low,
have high relative error and suspicious method detection limit data (see Table 4.21), the thermal
extraction data were also excluded from the analysis. Because there was no clear indication as to
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which of the remaining methods produced the "best" overall data, in terms of extraction
efficiency, precision and accuracy, a representative concentration for each PAH compound for
cach of the samples listed in Appendix D was calculated by taking an average over the extraction
method concentration results available (without the thermal extraction results) for each sample.
These results are presented in Appendix D. Note that ND data were treated as discussed
previously; i.e., ND data from diluted samples were deleted and the standard ND data were
assigned a concentration of 0.5 mg/kg.

Naphthal 1 Phenanthrene Distributi

The naphthalene and phenanthrene concentration distributions by zone are given in Figures 4.89

to 4.100. In these figures the label NA means that no average was calculated for that location

while no label below the ML designator mean that no data was taken at that location. It is

instructive to first compare these results with the BVWST RI results presented in Chapter 2. As

noted previously, the heavy concentration of MLH measurement locations on the eastern part of

the site has defined the eastern edge of the contaminated zone well, but makes direct comparison
with other areas of the site difficult. Comparisons which can be made are as follows.

For zone 1, comparing Figures 4.89 and 4.90 with Figure 2.5, it may be noted that the
concentrations measured at ML-112 and ML-118 are generally in the same order of magnitude
as those measured at B-6, which is situated between the two MLs. In addition, the
concentrations measured at ML-116 closely correspond with those measured at the nearby B-7.
Significant differences between these same BVWST and MLH locations, however, in zones 2, 3
and 4 indicate that quantitative levels of contamination can vary significantly over relatively
small distances, due largely to the heterogeneous movement of the DNAPL coal tar residue
through the subsurface and also subsampling techniques; i.e., the measured concentration could
be very much a function of how the analytical samples are actually selected from the core
sample. In this regard, as noted previously, some of the most heavily contaminated MLH
samples were fingerprinted for PAH compounds rather than analyzed for concentrations of
individual PAHs. The areas of contamination outlined by the BVWST and MLH data, takmg
into account the different sampling locations, are, however, generally the same.

It is also instructive to compare the MLH naphthalene data from the upper two zones with the
deep Phase 1 passive and active screening naphthalene results. Comparing Figures 4.34, 4.40,
4.89 and 4.91 indicates that the plume defined by the passive gas system (Figure 3.34) more
closely corresponds to the MLH data than the active gas plume (Figure 4.40), particularly on the
eastern edge. The plumes are, however, generally similar in extent. This further supports, in
particular, the passive gas screening technique in defining the general areas of contamination.
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Total PAH Distributi

Contour plots of total PAH concentration from the MLH data are given in Figures 4.101 to
4.106. In these figures the label NA means that no average was calculated for that location while
no label below the ML designator mean that no data was taken at that location. These plots are
included as they would be used in regulatory decision making. As with the naphthalene and
phenanthrene contour plots discussed in the last section, the data are biased to the eastern part of
the site, thus allowing the eastern edge of the contaminated zone to be well defined. In addition,
some of the more heavily contaminated samples, particularly in the northwestern part of the site
near the substation have not been analyzed for PAH compound concentrations. In this regard,
the visual/odor plots presented in Figures 4.76 to 4.81, although only qualitative, are probably a
better fepresentation of the distribution of contaminants on the site than the quantitative data
presented here. As in the previous section, this data are compared with Phase I screening data.
Moreover, comparisons with Phase II screening data are made.

Comparison of zones 1 and 2 (Figures 4.101 and 4.102) with the deep zone IMA results (Figures
4.28 to 4.30) indicate general similarity of the plumes defined except in the area near the
substation in the northwestern part of the site, for the reasons discussed previously. The eastemn
edges of the plumes defined by the IMA results conform to the McLaren/Hart results reasonably
well.

Comparison of the MLH data with the CPT LIF data (contoured in Figures 4.46 to 4.51) gives
the eastern edge of the plume in approximately the same locations for the stratigraphic zones. As
with the MLH visual/odor data, however, much more CPT LIF data is available to better define
the extent of contamination within the zones than the MLH quantitative data.

s f Site C1 szation Tmolicati

Due to the poor distribution of the sampling locations and the fact that heavily contaminated
samples were systematically excluded from quantitative PAH analysis, this data adds little to
further the development of the site contamination model. It does, however, confirm the eastern
edge of the contaminated area as defined by the screening techniques and also correlates well, in
places, with the quantitative BVWST data. A key issue is that while the screening tools have
been able to define the areas of contamination much more clearly, they do so only ina
qualitative sense. Quantitative data like the MLH data presented in this section is required for
regulatory decision making.
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4.5 Analysis of Groundwater Samples

Groundwater samples were collected from ML98, ML90, ML104, ML.80 and ML106 using a

" Geoprobe mill-slotted well point and Watera-type (tubing with bottom check valve) sampling
tools. Samples were collected from two depths at each map location; the shallow samples were
collected from the upper region of the granular unit while the deep samples were collected from
the lower part of the granular unit. Three 40 mL volatile organic analysis (VOA) samples with
no headspace and a one liter PAH sample were collected at each location. The samples were
analyzed on site using the ultrasonic extraction method. The chemical analysis results of the
samples for the 16 target PAHs are given in Table 4.25. Also given in Table 4.25 are the sample
MLs, depths acquired and, for reference, the solubility of each of the PAH compounds in water
at 25°C. All of the groundwater samples were unfiltered except for a second GW00S5 sample
which was passed through a 0.45um filter. Sample GW006 at ML98 contained significant free
product and was deemed too contaminated for analysis. Note that the IDNR standard for
individual PAHs in groundwater is 0.2 pg/L, except for naphthalene which is 20 pg/L.

Table 4.25 indicates that the solubilities of the PAH compounds in water generally decrease as
the molecular weight of the compound increases. The measured concentrations of the PAH
compounds generally follow the trend of their solubilities; as with the results of the soil samples,
naphthalene and phenanthrene are generally the two PAH compounds with the highest
concentrations. Filtering, based on the analysis of the one unfiltered sample, appears to reduce
the concentration of PAH contaminants in groundwater by about 50%. The distribution of
naphthalene and phenanthrene in groundwater for the shallow depths are shown in Figure 4.107
while the distribution of naphthalene and phenanthrene in groundwater for the deep region are
shown in Figure 4.108. The concentrations are the highest in the region north of the storage
shed, at ML98 and ML90, and decrease from ML80 to ML106 toward the eastern portion of the
site. This pattern corresponds to the distribution of contaminants and the plumes defined by the
Phase I screening and Phase II screening and quantitative technologies results.

It may be noted that PAH compounds were detected above the IDNR standards in every one of
the groundwater samples analyzed. Due to the distance of the sampling locations from BVWST
monitoring wells and the different groundwater sampling collection procedures, direct
comparison of these results with the BVWST results is not possible. It is apparent, however, that
the concentrations given in the central part of the plume are significantly higher than any
concentrations recorded by BVWST.
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4.6 Stakeholder Activities
4.6.1 Communications Strategy

Ames Laboratory’s application of ESC is distinctive in its approach to stakeholder involvement.
Because of the increasing role of stakeholders in the acceptance and ultimate commercialization
of environmental technologies (DOE, 1994)--or in this case, an environmental
methodology--early stakeholder involvement was sought. Early communication with
stakeholders is important because it enables ESC project managers to apply the approach so that
ESC meets the technical, regulatory and public interest needs at a specific site.

In our ESC communication efforts with Marshalltown stakeholder groups, we employed a
two-way symmetric communication model (Grunig, 1984) that aims for a balanced exchange of
information between the organization (or program) and stakeholders, so that each group can
learn from the other. The model seeks mutual understanding as its goal and is characterized by
formative and evaluative research on audience/stakeholder interests and attitudes.

4.62 Objectives and Audience

Our objectives were to 1) increase the awareness of the ESC methodology among stakeholder
groups, and 2) encourage a two-way exchange of information. We began by identifying
stakeholders using a framework of organizational linkages as shown below.
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IES Utilities, Inc., the site owner, was an enabling "public" or stakeholder, critically important to
the success of our communication efforts. Shortly after the company had agreed to let their site
be used for the demonstration, and several months before the field work was to begin, the Ames
ESC technical and communications team members met with both IES environmental managers

and public relations representatives to discuss the public events desired for ESC stakeholder
involvement,

The early scheduling of this meeting was critical for effectively introducing the Ames ESC
project not merely as a technical effort but also as a stakeholder involvement effort. We
presented the idea of sponsoring an open session giving interested publics (community members,
regulators, DOE officials, educators, students, etc.) an opportunity to observe the approach,
discuss its use, express concerns, tour the site and see the technologies used for ESC at work.

These activities met with IES approval and were in fact consistent with the company’s
philosophy of openness and proactive communications which they had used on several previous
environmental projects, and had seen the resulting benefit.

The stakeholders or "publics" that were of primary concern to IES Utilities were:

« their own employees: that they understand the ESC work that was to take place and have the
first chance to ask questions about it; .

« the regulatory community: being under the oversight of the Iowa Department of Natural
Resources (IDNR), IES Utilities was concerned that stakeholder/public involvement efforts
be responsive to the opinions and suggestions of the overseeing regulators;

+ the general public: that members of IES’ large customer base would recognize that the

company’s support of this project demonstrated their commitment to economic incentives
and customer focus; and

 environmental communicators: that Ames ESC efforts include a focus on reporters with an
environmental focus.

In response to these communication concerns, the Ames ESC team agreed to:

e present information sessions to explain ESC to IES employees before the work began and
allow for open dialogue;

o meet with overseeing regulators to discuss stakeholder involvement, and to include these
regulators in the planning and approval of such things as press releases, announcements, etc.;
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s prepare a publicity plan for inviting specific groups, organizations and individuals in Jowa,
the region and the nation to the ESC public conference/tour and share this plan with IES; and

¢ maintain regular communication with IES and regulators to keep them informed and get their
input on specific stakeholder involvement plans as they were being developed.

In subsequent meetings, the overseeing regulator, Dr. Johanshir Golchin, environmental engineer
and project coordinator with the IDNR, encouraged broad public participation and suggested
names of organizations and individuals to invite to the planned conference.

4.6.3 Identification of Stakeholders and Planned Activities

Using the framework of organizational linkages, Ames developed a detailed list of stakeholder
groups to invite (see Appendix F), and distributed this list to IES Utilities and IDNR for
comments. We collected names of members of these stakeholder groups, totalling approximately
900 individuals. In addition, we sent announcements to newsletters, newspapers and electronic
bulletin board services to publicize our event to an even wider group of stakeholders.

Personal phone calls were made to association presidents, newsletter editors, regulatory branch
heads, DOE funding officials and other influential individuals to draw their attention to our
written material and to solicit their help and support in promoting our event to their constituents.
As we did this, we received suggestions for tailoring the content of the conference to the needs
of particular stakeholders. For example, an environmental consultant in South Dakota suggested
that by offering CEU credits for the event, regulators in that region could more easily arrange to
attend. Personal contact with the public information bureau chief at the Iowa Utilities Board
helped us assess the level of technical understanding of our potential attendees.

Because our objective was to increase the awareness and understanding of ESC (and its
relationship to cleanup needs) and to encourage a two-way exchange of information, we
designed the public conference to include a non-technical overview of the cleanup process, a
presentation on ESC concepts and how it was applied to the Marshalltown FMGP site, tours of
the various technologies at the site and a question and answer wrap-up. We mailed the
conference brochure to over 900 people approximately one month before the event. Participants
were only be charged for the luncheon meal. We offered an identical agenda on three
consecutive days, May 11, 12, 13, 1994, to give stakeholders more flexibility in attending. The
final agenda included the following sessions:

Overview of Environmental Cleanup, Designed to provide a context for understanding the

importance of characterization, this session offered, in lay terms, background information on
a number of aspects of environmental remediation: steps in the remediation process, the
regulations involved, interpreting EPA numbers, assessing risk and defining technical terms.
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ESC at Marshalltown, JA. This session described ESC within the context of environmental
management elements: risk, economics, stakeholder involvement, cleanup problems and cleanup
technologies. We then described details of the approach, as applied to the characterization of
coal tar wastes at the Marshalltown FMGP site, and the technologies used.

Tours of the site, Participants visited the Former Manufactured Gas Plant Site, and viewed more
than 12 SOPT and ITs in action in the field. Contractors were present to explain their
technologies and answer questions.

Question and Answer Wrap-Up, This session allowed DOE Headquarters program managers,
IDNR regulators, Ames ESC team members, technology providers and other participants to

openly exchange ideas, questions and comments on the ESC approach.
4.6.4 Evaluation of Objectives

Our first objective was to increase awareness. Conference attendance totalled 177 registrants,
most of whom were not familiar with the ESC methodology or the technologies beforehand. The
following stakeholder groups were represented:

Interested citizens and activists 3%
Educators 5%
International visitors (Bolivia) 8%
City government ' 2%
State government 4 %
Regulators (state level) 22 %
Site owners (utility industry primarily) 10 %
Technology providers and users
Industry (consultants & contractors) 34 %
DOE 2%
Other federal agencies 2%
Ames Laboratory 8 %

Comments received on the participant evaluation forms helped us assess, in a more qualitative
way, whether the ESC event had increased awareness. The tour of the FMGP site, and of the
technologies being used to characterize the site, seemed particularly effective in increasing an
awareness and understanding of what is involved in ESC. Comments from the Visitors’ Day
included:

o "[Attendance] gave me a better grasp of what is involved and the associated time and
expense. As a regulator, we only get to see dollars, with no idea of the work involved."
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"Very worthwhile to attend. We see the clean up and costs associated with FMGP sites when

utilities file rate cases. This was a good opportunity to see how those monies might be used
more effectively and to see what is involved in cleanup activities."”

o "This type of information is very difficult to get via other methods of information sharing
(magazines, books, conferences, etc.). Very helpful seeing the data collected."”

e "It is very helpful to see the various technologies in action.”

o "I think it is very important to invite members of the public and locally concerned people to
learn about cleanup efforts."”

o "I'd like to be able to bring a high school class to a session like this. They could see the
technologies being used. I appreciate so much the opportunity to attend."”

On the day of the event, we met the Des Moines Register reporter and gave him direct access to
the scientists and field managers involved with the work. The objectives and technical aspects
of the project were accurately reported in the Des Moines Register, a state-wide distributed
newspaper. Our work was also publicized in The Probing Times, Geoprobe System’s in-house
newsletter that is distributed to consultants, contractors and the regulated community nationwide.
An article appeared in the Jowa Groundwater Association Newsletter, and resulted in an
invitation to speak at the Iowa chapter meeting of that association. We also received an
invitation to submit an article to the Journal of Soil and Water Conservation. In addition, our
ESC Marshalltown project was mentioned in numerous DOE reports and presentations,

_ furthering our objective of increasing awareness.

With the collection of video footage and photos that we had shot during the ESC demonstration,
we were able to create hypertext documents and post multimedia descriptions of the ESC work
on the Internet’s World Wide Web (WWW). Using the suggestions of the IDNR regulator Dr.
Johanshir Golchin, and the Jowa Citizens Action Network environmental specialist Julianna
Johnston, we also began developing an on-line forum on the WWW to promote a discussion of
ESC. A New Jersey video production company shot footage that was used in a promotional
video for McLaren/Hart Environmental Engineering. The company shared this footage with the
Ames Lab for our use in producing a video about ESC.

Our second objective was to encourage a two-way exchange of information. Evaluation
comments indicated that a two-way exchange of information did take place but that more would
have been desirable. The causes for the lack of interaction were partly logistical--e.g., running
behind schedule which cut into the question and answer time, and not allowing enough time and
structure for the tours.
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Some of the feedback we received included:

o "The on-site tour was very interesting. Each of the speakers took the time to fully answer our
questions. The best part was that the speakers were the ones doing the work."

e "I'would have enjoyed more discussion of the data fusion process...both days I attended there
was no question and answer portion of the presentation."”

o "I felt rushed and missed one of the vendors due to time. Very good information at the ones I
did attend though.”

o "Need more time for demonstrations. Allow more time per station [on tour]. More Ames
staff could have been available at the tent for general questions."

But even with these logistical problems, two-way communication and an exchange of ideas did
take place.

These and other comments on the evaluation form provided a very useful mechanism for
listening to participants’ concerns. Other feedback was obtained through phone calls to
attendees after the event. Many of the comments and suggestions have been incorporated into
subsequent ESC demonstrations. '

4.6.5 Summary

Several factors contributed to the success of the communications effort. One was that IES
Utilities’ offered their support and cooperation with the public relations/stakeholder involvement
effort early on in the project which allowed time for planning. A second, perhaps more
important factor was that this support came from IES technical project managers who had a good
understanding of, and appreciation for, two-way public relations activities. And a third was that
the company had a history of openness with the public and good relationships established with
regulators and the media. These factors provided a foundation on which to develop ESC
stakeholder activities.

Of those activities, the tours appeared to be one of the most effective means of involving a
diverse group of stakeholders and increasing their awareness of the ESC methodology.
Allowing participants to go on to the site, to talk directly with the contractors using the
technology and discuss the findings demonstrated our commitment to openness and a two-way
exchange of ideas. '
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Figure 4.21
Electromagnetic Offset
Logging - Source and
Receiver map Locations
(from GEHM, 1994)
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Figure 4.22
Electromagnetic Offset
Logging - 3-D Image of
Resistivity >55 Ohm-
meters

(from GEHM, 1994)
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DEPTH TO BEDROCK FROM BOREHOLES AND SEISMIC DATA
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Figure 4.38 Passive Soil Vapor Deep Zone Screening - Fluoranthene/Pyrene
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Figure 4.40 Active Soil Vapor Deep Zone Screening - Naphthalene
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