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Section 1
Executive Summary

Remediation of the Wauleco Site has primarily consisted of pumping groundwater and recovery
of light non-aqueous phase liquid (LNAPL). This remedial phase has been quite effective, in
recovering approximately 147,000 gallons of LNAPL containing pentachlorophenol (PCP),
satisfying the Wisconsin Department of Natural Resources (WDNR) that removal of mobile
phase LNAPL from the Site has been completed. With the completion of source control of the
mobile phase LNAPL, the focus has shifted in recent years to the remaining residual phase
LNAPL. Additional data was needed to further evaluate the characteristics and behavior of the
residual phase LNAPL that is a continuing source of dissolved phase PCP in groundwater. The
additional data was needed to evaluate the applicability of potential additional remedial
technologies and alternatives beyond the current groundwater pump and treatment system and
to otherwise update the Conceptual Site Model (CSM) for the Site, given the remedial measures
conducted over nearly 30 years.

In particular, with respect to the immobile residual phase LNAPL, the primary unknowns were:

m  What is the current volume of LNAPL present in the residual phase LNAPL zone, and is
there horizontal or spatial variability?

m  What is the PCP concentration in this volume of LNAPL, and is there horizontal or spatial
variability?

The April 2019 Residual Phase LNAPL Soil Site Investigation Work Plan (TRC, 2019) proposed
cryogenic coring and high throughput analyses to be completed, using Dr. Tom Sale’s
(Colorado State University) approach to collecting detailed information on the characteristics of
the residual phase LNAPL. Seven cryogenic coring boreholes were completed throughout the
residual phase LNAPL footprint with 127 samples cut and evaluated from the frozen cores
collected from these seven borings. This Technical Memorandum presents the results of the
data collected in that effort.

The data demonstrate that:

m  The residual phase LNAPL has declined from the original saturation of 17% of porosity to a
current saturation of 1.6%, or a reduction of 90.6%.

m  The PCP concentration in residual phase LNAPL is shown to have reduced from the
original 5% to the current average concentration of 0.27%, or a reduction of 94.6%.

TRC Environmental Corporation | Wauleco, Inc.
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m  Combining the reduction in the volume of residual phase LNAPL and the PCP
concentration in this LNAPL, results in a 99.5% reduction in PCP mass (currently estimated
at 5,097 Ibs.) from the original estimated PCP mass in residual phase LNAPL.

These results demonstrate that significant source control of the residual phase LNAPL has
occurred.

Soil samples were also collected and analyzed for total oxidant demand (TOD) and the potential
effectiveness of an in-situ chemical oxidation (ISCO) remedial option to destroy PCP contained
in the remaining residual phase LNAPL. These tests indicate that ISCO with persulfate will
likely be ineffective for remediating the mineral spirits, and may or may not be effective in
remediating PCP in all locations. Further evaluation of the effect of ISCO on PCP would require
a small-scale field pilot test to determine whether the application of persulfate will be useful in
remediating PCP at this site.

Additional updates to the LNAPL CSM based on the results of the residual phase LNAPL
investigation include the following:

m  The distribution of PCP mass shows that the majority of the estimated PCP mass is in the
vicinity of boring M01 (5,003 Ibs. of PCP in LNAPL) with very low concentrations and mass
of PCP in the rest of the residual phase LNAPL area (with only 94 Ibs. of PCP in LNAPL).

m  The mass of PCP in LNAPL is somewhat geologically controlled in the boring M01 area, in
that residual phase LNAPL present in fine grained soils contains the bulk of the PCP in
LNAPL.

TRC Environmental Corporation | Wauleco, Inc.
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Section 2
Introduction

21  Key Terms

Key terms used in this Technical Memorandum include the following:
s LNAPL: This is the acronym for light non-aqueous phase liquid.

m  Mobile Phase LNAPL: This is the former surface coating wood preservative solution that
originally consisted of 5% pentachlorophenol (PCP), 85% mineral spirits, and 10% inerts.
This is referred to as mobile phase because of its potential to migrate through the unsaturated
vadose zone to the water table, and potentially migrate down the groundwater gradient.

m  Residual Phase LNAPL: This is the former mobile phase LNAPL that based on
fluctuations in groundwater elevation, is now present below the water table and is
immobile, in terms of its ability to migrate down the groundwater gradient. The residual
phase LNAPL is a source of dissolved phase PCP to groundwater.

m  Dissolved Phase PCP in Groundwater: This is PCP present in the LNAPL that, when in
contact with groundwater, becomes dissolved in groundwater through dissolution.

2.2  Site History and Background

The Wauleco, Inc. (Wauleco) facility is located at 125 Rosecrans Street, Wausau, Wisconsin
(Figure 1). The property is located in an area of mixed industrial and residential land use. The
property is the location of a former window and patio door manufacturer.

As was common in the wood window manufacturing industry, surface coating on the exterior
portions of wood windows manufactured at the site was performed using a wood preservative
solution of PCP and mineral spirits. Over time, releases of the solution occurred, and LNAPL
migrated to the water table and migrated down the groundwater gradient. The LNAPL
occurred initially as a mobile phase of LNAPL. However, as the water table fluctuated due to
natural or induced changes in groundwater elevation, some of the mobile phase of LNAPL
became smeared into the zone of the water table fluctuation. This “smear zone” consists of
immobile residual phase LNAPL trapped within the soil. When remediation began in about
1991, LNAPL was present as mobile phase LNAPL, in a saturated layer of LNAPL on the water
table and as residual phase LNAPL. Figure 2 illustrates the overall Wauleco Conceptual Site
Model (CSM) as a cross section through the center of the property, and extending downgradient.

Much of the remedial focus between 1991 and 2011 was on recovery of the mobile phase LNAPL
present on and adjacent to the Wauleco property through groundwater depression and LNAPL

TRC Environmental Corporation | Wauleco, Inc.
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recovery. The groundwater extracted through pumping to depress the water table was treated
in an above-ground treatment system. The LNAPL recovered was taken off-site and incinerated.
In 1999, an enhanced LNAPL recovery system was selected and implemented, to increase
LNAPL recovery. This system consisted of installing addition groundwater and LNAPL
recovery wells with an increase in groundwater extraction from approximately 22 gallons per
minute (gpm) to approximately 42 to 44 gpm. Several operational practices were also used to
maximize LNAPL recovery as well.

As shown in the Annual Groundwater Monitoring Reports since that time, the enhanced
recovery system was effective in converting residual phase LNAPL to mobile phase LNAPL and
recovering the mobile phase LNAPL. The system recovered a total of approximately 147,000
gallons of LNAPL. In 2011, the WDNR agreed that mobile phase LNAPL recovery was
complete, and the groundwater extraction system returned to lower pumping rates for
containment of the on-site groundwater. The reduction in groundwater extraction was
implemented in two steps, from approximately 44 gpm to approximately 29 gpm in March 2011
and then to approximately 22 gpm in June 2012. The system is continuing to be operated at
approximately 22 gpm to contain and treat groundwater on the property.

In order to refine the CSM of the site, the horizontal and vertical distribution of residual phase
LNAPL was investigated with laser induced fluorescence surveys (LIF) and reported in the
Extent of Residual Phase Product/2015 LIF Survey Memo (TRC, 2015). Figure 3 illustrates the
results of the LIF survey as a thickness map of residual phase LNAPL™.

2.3  Purpose

The purposes of this Technical Memorandum are:

m  To describe the CSM for the Wauleco project site, including (see Section 3):
—  The groundwater CSM
—  The LNAPL CSM (LCSM)

m  To summarize the methods used in performing the residual phase LNAPL investigation
(see Section 4).

m  To summarize the results of the residual phase LNAPL investigation (see Section 5).

m  To summarize the primary updates to the LCSM based on new data from the residual
phase LNAPL investigation (see Section 6).

1 Figure 3 is modified from the original 2015 memo due to a correction in the LNAPL thickness at
point LO6.
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Section 3
Conceptual Site Model (CSM)

3.1 Wauleco LNAPL Conceptual Site Model

A key component of any environmental remediation project is development of the CSM that is

used to develop remedial action objectives and then to select remedial methods to achieve these
remedial action objectives. At Wauleco, the presence of LNAPL requires development of a
LNAPL CSM, as described in the ITRC LNAPL Guidance (ITRC, 2018) as the LCSM. Numerous
reports have been submitted describing the history of LNAPL recovery, LNAPL measurements,
and residual phase LNAPL characterization for the Wauleco Site. This section summarizes
these data into a LCSM. A figure of the overall historical LNAPL CSM is shown in Figure 2,
which is described in the following summary:

m  Releases of the surface coating wood preservative solution (i.e., an LNAPL) included spills
from the following sources:

—  After the wood window frames were immersed in a dip tank containing the
solution, the window frames were removed and allowed to dry at locations in the
area of the dip tank. During the drying process, solution dripped off the window
frames, and for some of the solution, onto the soil beneath the drying areas.

—  From overfills of underground storage tanks used to store the solution.
m  The released solution migrated through the unsaturated vadose zone to the water table.
m  Over time, LNAPL that reached the water table migrated down the groundwater gradient.

m  The LNAPL occurred initially as a mobile or migrating phase of LNAPL. However, as the water
table fluctuated due to natural or induced changes in groundwater elevation, some of the mobile
phase of LNAPL became smeared into the zone of the water table fluctuation. This “smear zone”
consists of the immobile residual phase LNAPL.

4

m  LNAPL in contact with groundwater is the source of dissolved phase PCP and mineral
spirits groundwater. The current status of LNAPL as a source to groundwater is as follows:

—  The mobile phase LNAPL has been addressed to the extent practicable. The small
amount of remaining mobile phase LNAPL is not a significant ongoing source to
groundwater.

—  The residual phase LNAPL is an ongoing source to groundwater. If sufficient source
control of residual phase LNAPL is achieved, then dissolved phase PCP concentrations
in groundwater will decrease. Therefore, remedial technologies/actions that are
focused on addressing the residual phase LNAPL, either by direct or indirect methods,
will be effective in improving groundwater quality.

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation 5

\\MADISON-VFP\RECORDS\-\WPMSN \ PJT2\ 189597\ 0008\ 000003\ 000002\ M1895970008PH3T2-001.DOCX 12/6/19 Final December 2019



The ITRC (2018) LNAPL Guidance provides detailed descriptions of the occurrence and
migration of LNAPL as background for developing an LCSM. A summary graphic from

ITRC (2018), shown in Figure 4, provides a general overview of the history and typical

conditions for LNAPL near the water table. Annotations on Figure 4 show how this applies to

Wauleco, including the following:

Figure 4a shows the conditions near the water table during the initial LNAPL release at
Wauleco, where the LNAPL was present primarily as mobile phase LNAPL around the
water table elevation.

Subsequent groundwater elevation fluctuations, as shown in Figure 4b and 4c, resulted in
the LNAPL being smeared throughout the zone of the water table fluctuations.

As shown on Figure 4c, the mobile phase LNAPL has been reduced (due to LNAPL
recovery at Wauleco), while some residual phase LNAPL remains below the water table.

As shown in Figure 4d, after a water table rise, the residual phase LNAPL remains below
the water table. At Wauleco, this rise in water table can be considered to be the reduction
in pumping when discontinuing LNAPL recovery in 2011 and 2012. This resulted in a
small rise in the groundwater elevation, with no significant extent of mobile phase LNAPL
remaining at the water table (as illustrated in Figure 4d), but with immobile residual phase
LNAPL present below the water table.

Figure 4e presents the hypothetical condition that if the water table falls in the future, that
additional mobile phase LNAPL could accumulate around the lower water table surface.
At Wauleco, an actual significant drop in groundwater elevation occurred in 2016, during
repairs on the Rothschild dam that required an approximate 5 ft. drop in the Lake Wausau
pool elevation. As presented in the 2017 Annual Groundwater Monitoring Report (TRC,
2018), the groundwater elevation dropped 2.56 ft. (at well W10A) near the river and 1.9 ft.
(at well W45) on the Wauleco property, with the only LNAPL occurrence of 0.2 ft. at well
W40. As described in more detail by TRC (2018), this 2016 event demonstrated that there
was insufficient residual phase LNAPL present below the water table to accumulate as
mobile phase LNAPL during a significant drop in the water table elevation.

The principal components of the LCSM are described in the following subsections.

3.1.1 Horizontal and Vertical Extent of Residual Phase LNAPL

The horizontal and vertical extent of residual phase LNAPL on and around the Wauleco
property was assessed via LIF surveys and reported in a 2015 technical memorandum
(TRC, 2015). Figure 3 shows the areal distribution and vertical thickness of residual
phase LNAPL remaining based on the LIF survey.

As shown in the Annual Groundwater Monitoring Reports (e.g., TRC, 2019), the extent
of remaining mobile phase LNAPL is limited to the area of only 3 or 4 wells.

TRC Environmental Corporation | Wauleco, Inc.
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3.1.2 PCP Concentration in LNAPL

The original PCP concentration in the product used for coating window frames is well
known from the literature and the product information. The product consisted of 85%
mineral spirits, 5% PCP, and 10% inerts.

Analysis of PCP concentration in the LNAPL was required for disposal of collected
LNAPL, using the toxic characteristics leaching procedure (TCLP). For liquids, the
TCLP analysis consists of analyzing the liquid directly, rather than leaching the liquid as
would be done with a solid material. Therefore, these analyses provide information on
the PCP concentration present in the recovered LNAPL through time. In addition, there
was an analysis of PCP in LNAPL collected from several wells and reported in Keystone
(1986%). Table 1 provides the data and a graph of PCP concentrations in LNAPL
collected through time. The data from 1996 through 2018 represent data from LNAPL
collected from the LNAPL recovery system and represent the mobile phase LNAPL. As
shown in Table 1, PCP concentrations in mobile phase LNAPL have dropped from:

— Aninitial concentration of 5%
—  To approximately 3.2% in 1986
—  To arange of 0.05% to 0.96% in samples collected in 2018.

These data can be used as estimates of PCP concentrations in residual phase LNAPL.
Mobile phase LNAPL was in direct contact with the residual phase LNAPL at Wauleco.
In addition, LNAPL frequently transitioned between mobile phase and residual phase as
the water table fluctuated during LNAPL recovery operations. Therefore, the PCP
concentration in the mobile phase and residual phase LNAPL are expected to be very
similar. However, direct measurements of PCP concentrations in the residual phase
LNAPL were not made prior to this investigation.

3.1.3 Residual Phase LNAPL Saturation

The volume of residual phase LNAPL and the PCP concentration in the residual phase
LNAPL determines the mass of PCP remaining in the LNAPL. Therefore, the volume of
residual phase LNAPL is an important component of Wauleco’s LCSM.

Estimating the volume of residual phase LNAPL requires knowing the residual
saturation of LNAPL in the soils. Residual oil saturation can be thought of as how much
oil would a sponge retain, submerged in water. This is a critical property for the oil

2 Keystone, 1986 Site Characterization Report, September 5, 1986, Appendix D, Table 2.
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industry’s management of oil reservoirs. Therefore, this property has been studied in
detail by the oil industry and transferred to the environmental field.

The residual LNAPL saturation was estimated by Keystone (1992) through soil and
LNAPL testing conducted by the University of Texas at Austin, using testing methods
developed for the oil industry. These test results (see Appendix A for details) showed
that the residual phase LNAPL saturation for the Wauleco LNAPL was
approximately 17%. This value indicates that 17% of the pore volume would contain
immobile residual phase LNAPL after draining the mobile LNAPL from a water
saturated soil sample.

3.1.4 LCSM Data Gaps

Additional information for the LCSM was needed regarding the physical and chemical
characteristics of the residual phase LNAPL that will control the release of PCP to
groundwater. In particular, the primary unknowns were:

—  What is the current volume of LNAPL present in the residual phase LNAPL zone,
and is there horizontal or spatial variability?

—  What is the PCP concentration in this volume of LNAPL, and is there horizontal or
spatial variability?

Ancillary properties for evaluating a chemical oxidation remedial action includes:
—  The total oxidant demand (TOD) of the soil containing residual phase LNAPL.

—  The ability to reduce the PCP concentration within the residual phase LNAPL zone.

These data were needed to evaluate the applicability of potential additional remedial
technologies and alternatives beyond the current groundwater pump and treatment
system to address the immobile residual phase LNAPL as a continuing source to
groundwater.

In the Residual Phase LNAPL-Soil Investigation Work Plan (TRC, April 2019), TRC
proposed to use cryogenic coring using the methods described in Sale (2016) and
Kiaalhosseini, et. al. (2016) to collect additional data in support of the LCSM. The
advantage of cryogenic coring is the ability to collect the soils and fluids throughout the
residual phase LNAPL, by freezing the water and LNAPL, retaining the fluids in the
coarse sand soils. In addition, cryogenic coring improves core recovery, retaining more
of the soil structure. The cryogenic coring methods are described in the following
section.

TRC Environmental Corporation | Wauleco, Inc.
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Section 4
Residual Phase LNAPL Investigation Methods

41 Methods

The methods for this investigation included:

s Cryogenic coring

m  Core sample handling

m  Analyses of the core samples for LNAPL, PCP, and other properties,

m  Total Oxidant Demand.

The cryogenic coring, core sample handling, and analyses of core samples are described in
detail in Sale (2016) and Kiaalhosseini et al. (2016). A copy of Kiaalhosseini et al. (2016) is
included in Appendix B for a detailed description. These methods were implemented at
Wauleco according to and consistent with these publications.

TRC contracted with Drilling Engineers, Inc., to complete the cryogenic coring and Dr. Tom Sale
of Colorado State University (CSU) to complete the analyses of the collected cores. CSU and
Drilling Engineers, Inc., have worked together on several cryogenic coring projects, having
developed the methods described in Sale (2016) and Kiaalhosseini et al. (2016). TRC, CSU, and
Drilling Engineers coordinated the plans prior to mobilization, providing the equipment, forms,
and methods to collect the frozen core, package it, and ship it to CSU for analysis.

Prior to performing the field work, a permit was obtained from the City of Wausau to conduct
the borings within the City’s right-of-way. Seven cryogenic cores (M01 through M07) were
conducted between June 3 and June 8, 2019, at the locations shown on Figure 3. These borings
included the following locations:

1.  MO01: On-site in the area of the former dip tank and drying areas, near LIF L03.

2. MO02: On-site in the area of the thickest residual phase LNAPL and near LIF LO6.
3. MO03: On-site, in the area of thick residual phase LNAPL and near LIF L07.
4

MO04: Off-site, in the area of residual phase LNAPL extending to the southeast, towards
monitoring wells W41 and W27, and in the vicinity of LIF L09.

5. MO05: Off-site in the northern, central portion of the residual phase LNAPL and near
LIF L36.
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6. MO06: Off-site in the southeastern portion of the residual phase LNAPL and near LIF L34.

7. MO07: Off-site in the furthest extent of the residual phase LNAPL and near well W10A and
LIF L39.

In general, the cryogenic coring consisted of using a CME 75 drill rig and CME coring operation
(as described in Sale (2016) and Kiaalhosseini et al. (2016)). Borings were advanced using
hollow stem augers (without cryogenic coring), to near the top of the LNAPL residual phase
interval. The top of the LNAPL residual phase was determined at each cryogenic coring
location using data from the nearest LIF borings (TRC, 2015). Upon reaching the targeted
interval, the specialized cryogenic soil core barrel was installed and advanced through the
LNAPL residual phase interval. This specialized core barrel is fitted with tubing to circulate
liquid nitrogen around the soil core barrel, to freeze the sample in the core barrel. The liquid
nitrogen is circulated for several minutes, based on the driller’s experience and monitoring, to
sufficiently freeze the sample, but to allow separation of the inner PVC core tube from the outer
steel core barrel after extracting of the core barrel from the borehole.

Upon removal of the core barrel, the inner PVC core tube is extracted from the steel core barrel.
Upon removal of each core tube, the tube was inspected and found to be frozen solid, with no
free liquids within the core. Each core was immediately labeled, with depth of the top, bottom,
and which ends were the top and bottom of the core. End caps were placed on the PVC core
barrel, taped onto the frozen PVC core barrel with electrical tape, and covered with duct tape,
with a summary sheet in a Ziploc bag wrapped on the core barrel and taped with both electrical
tape and wrapped around the core barrel. Multiple labeling was completed as a conservative
approach due to the potential challenges of attaching tape to the frozen core. Within 5 minutes
of extraction, each frozen core was labeled and placed in a cooler with approximately 50 Ibs of
dry ice in each cooler.

After each day of sample collection, the coolers of dry ice and cores were shipped overnight to
CSU. The next day, contact with CSU confirmed receipt and the coolers were placed in CSU’s
freezer that is maintained at -80° C (i.e., -112° F).

In addition to the cryogenic cores, samples for TOD analysis were also collected during the
June 2019 drilling event. TOD analyses were completed using the methods described by
Haselow (2003). TRC contracted with Dr. Haselow at Redox Tech, Inc. to complete these
analyses. Dr. Haselow stated that analyses for TOD did not require undisturbed samples,
because the TOD would be based on pre-oxidation and post-oxidation samples and that the
results would then be scaled to the concentrations of LNAPL and PCP obtained through the
cryogenic coring and analysis program. Therefore, disturbed samples were sufficient for TOD
analyses. Large volume samples were collected from the auger flights after retracting the
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augers. A PID meter was used to clearly identify contaminated zones, and bag samples were
collected from the auger and sent on ice to Redox Tech, Inc. for their use. The samples subjected
to TOD analyses consisted of 50% samples from the bulk soil samples and 50% frozen samples
from the cryogenic cores that were sent, frozen, from CSU to Redox Tech.

As described in Kiaalhosseini et al. (2016), the core samples were subjected to High Throughput
Soil Analyses. In general, the methods include:

m  Cutting the frozen core into 1-inch thick slabs. The cores from the seven cryogenic coring
locations were cut into 127 slabs.

m  The soil types of each 1-inch slab are described and classified. This was completed by
Dr. Tom Sale.

m  Each slab is cut into four quarters and used for analyses.

m  One quarter is inspected under visible light and ultraviolet (UV) light. Mineral spirits
fluoresce under UV light, so that the presence of LNAPL in the sample is visually apparent.

m  Laboratory analyses for diesel range organics (DRO) and gasoline range organics (GRO),
which are summed for total petroleum hydrocarbons (TPH).

m  Laboratory analyses of methane, and porosity.
In addition to these typical analyses, Wauleco samples were also analyzed for PCP.

The LNAPL saturation concentration is calculated using the methods described in Kiaalhosseini
et al. (2016). This method starts with determining the TPH concentration where no LNAPL is
observed in UV light (TPHeutor). This is used with the observed TPH, porosity, the mass of the
sample, and the density of the LNAPL to calculate the LNAPL saturation. A density of

0.8 g/cm?® was used for the density of the Wauleco LNAPL, as used throughout the Wauleco
project.

Analytical results from CSU are included in Appendix C and TOD analytical results from
Redox Tech are included in Appendix D.

4.2 Management of Soil Cuttings from Borings

Soil cuttings from above and below the water table were segregated and containerized in
55-gallon drums and staged on-site. Sixteen 55-gallon drums were generated consisting of the
following as shown below in Table A.
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Table A
Summary of Drums of Soil Cuttings

NUMBER OF DRUMS OF NUMBER OF DRUMS OF
TOTAL NUMBER SOIL CUTTINGS ABOVE SOIL CUTTINGS BELOW
NO. BORING LOCATION OF DRUMS THE WATER TABLE THE WATER TABLE

1 MO1 3 2 1
2 MO02 2 1 1
3 MO3 2 1 1
4 MO04 2 1 1
5 MO5 2 1 1
6 MO6 2 1 1
7 MO7 3 2 1
8 TOTAL 16 9 7

As discussed in Section 5, boring M01 contained the highest concentrations of PCP. Therefore,

representative samples were collected from the drums containing M01 soil cuttings, and

analyzed for Protocol B parameters for waste characterization, see attached Tables 2 and 3 and

Appendix E for the laboratory report. Based on the waste characterization results, the soil

cuttings are classified as a solid waste, and will be disposed accordingly.
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Section 5
Residual Phase LNAPL Investigation Results

5.1 Residual Phase LNAPL Saturation and PCP Concentrations in LNAPL

The cores from the seven cryogenic borings were cut into 127 separate samples of approximately
1-inch thickness. Analytical results and calculations from these analyses are shown in Table 4,
and the analytical report in Appendix C. These 127 samples were used to complete:

m 126 analyses for TPH through GRO and DRO.
m 125 analyses for PCP.

m 125 analyses for methane.

m 123 samples for LNAPL saturation.

m 122 samples for porosity.

These analyses were used to calculate the PCP concentration in LNAPL, which is presented in
Table 4 as PCP in LNAPL (%). The PCP concentration in LNAPL was calculated for each
sample with LNAPL. This was completed using methods described in Appendix F.

5.2 Comparison of LIF and Cryogenic Results

The LIF survey characterized the presence and thickness of the residual phase LNAPL interval
through measurement of NAPL fluorescence while pushing a Geoprobe with a laser light and
fluorescence detector in its tip. The LIF survey results are described in the Extent of Residual
Phase Product/2015 LIF Survey Memo (TRC, 2015). Table 4 illustrates the interval in which a
nearby LIF probe detected residual phase LNAPL, as a yellow highlighted interval for each
cryogenic boring. These intervals are referred to, herein, as the LIF LNAPL intervals, to
distinguish this estimated LNAPL interval from the Cryo LNAPL intervals where the CSU
analyses detected LNAPL saturation greater than zero. Comparison of the LIF LNAPL intervals
to the Cryo LNAPL intervals indicates that they are generally in good agreement. These
comparisons are also illustrated in Figures 5 to 11 for the seven cryogenic borings.

In general, the LIF probes showed a continuous thickness of residual phase LNAPL from when
first detected to the bottom of the LIF LNAPL interval. The cryogenic data at on-site borings
MO01, M02, and M03 indicate the LNAPL is somewhat more sparse through a somewhat greater
interval, but roughly, the same thickness. This is shown in attached Table 4 and summarized
below in Table B. For example, at boring M01 and nearby LIF03, the LIF LNAPL is continuous
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from 28.89 ft. to 31.05 ft. bgs., whereas the Cryo LNAPL is discontinuous from 29.083 ft. to
32.167 ft. bgs.

Table B
Cryo LNAPL and LIF LNAPL Thicknesses
LNAPL THICKNESS
CRYO BORING NEARBY LIF LIF CRYO
MO1 LO3 2.16 2.33
MO02 LO6 5.97 412
MO03 Lo7 417 4.96
MO4 LO9 0.75 1.45
MO05 L36 1.03 1.32
MO06 L34 0.79@ 3.33
MO7 L39 1.45 1.54
Footnote:

@ LIF interpretation of L34 indicated the interval of residual phase LNAPL was from 21.78 ft. to 22.57 ft. bgs.

The cryogenic data for off-site borings (M04 through M07) show the Cryo LNAPL is
continuous, like the LIF LNAPL, but is somewhat greater in thickness. The thickness of the
Cryo LNAPL at MO06 is significantly thicker than expected for this area based on the 2015
interpretation of nearby LIF L34 and the contours shown on Figure 3 based on surrounding
LIFs. However, as shown on Figure 10, LIF L34 does not appear to be inconsistent with the data
from cryogenic boring M06, and the 2015 interpretation of LIF L34 appears to have
underestimated the thickness of LNAPL in this area.

5.3  Summary of Cryogenic Results

Out of these analyses the following statistics are important for characterization of the residual
phase LNAPL at Wauleco:

s Where LNAPL was not present based on laboratory analysis (i.e., 72 of 118 samples), these
samples were not used in the statistics. Rather, these samples were used to assess the
vertical extent of residual phase LNAPL.

m  Where LNAPL is present (i.e., 46 of 118 samples) the average LNAPL saturation is 1.6% and
ranges from 0 % to 7.3% (samples with LNAPL saturation of 0% were not used in
calculating the average saturation).

m  Where LNAPL is present OR where the LIF detected LNAPL (i.e., 75 of 118 samples), the
average saturation is 1.0% and ranges from 0% to 7.3%. This average includes zero values
where the LIF detected LNAPL and where the cryogenic testing did not detect LNAPL.
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m  The estimated PCP concentration in LNAPL, as described in Appendix F, ranged from
0% to 2.3%, with an average of 0.27%.

54  Comparisons to Original Residual Phase LNAPL

As presented in Section 3, previous data have been collected to estimate the residual phase
LNAPL saturation and PCP concentration within the LNAPL. Table C below compares these
previous values with updated estimates obtained through the cryogenic coring analyses, and
presents the percent reduction in LNAPL saturation and PCP concentration in LNAPL based on
these new results.

Table C
Reductions in LNAPL Saturation and PCP Concentration
LNAPL
RESIDUAL
SATURATION PCP CONCENTRATION IN LNAPL
PERIOD (%) (%)

Original 17% 5%
2019 Cryogenic Analyses: 1.6% 0.27%
All samples with detected LNAPL saturation
Percent Reduction 90.6% 94.6%
2019 Cryogenic Analyses: Not Applicable
All samples with detected LNAPL saturation (where LNAPL volume = 0, PCP
PLUS samples in LIF LNAPL zone 1.0% concentration in LNAPL is not defined)
Percent Reduction 94.3% Not Applicable

The LNAPL residual saturation has reduced 90.6% when considering just the zones with
remaining LNAPL, or 94.3% when including samples within the LIF LNAPL interval with zero
Cryo LNAPL saturation. The PCP concentration within this LNAPL has been reduced by
approximately 94.6%. In combination, this represents a reduction of 99.5%? in the mass of PCP
present in zones with LNAPL.

These results demonstrate that significant source control of the residual phase LNAPL has
occurred.

5.5 LNAPL and PCP Mass Remaining

As described in Section 3, the residual phase LNAPL can act as a source of PCP to groundwater.
Therefore, the mass of PCP remaining in LNAPL is a factor in estimating the restoration time
frame when evaluating remedial action technologies and alternatives. Therefore, this is an
important component of the LCSM at Wauleco.

3 The combined reduction is estimated as: 99.5% = 1-((1-90.6%)*(1-94.6%))
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The estimated mass of PCP in LNAPL and the estimated mass of LNAPL is presented in Table 4
for each soil sample that contains some LNAPL saturation. For the mass of PCP see the column
labeled Mass of PCP in LNAPL (g/M?). For the mass of LNAPL see the column labeled Mass of
LNAPL (g/boring/M?). These are summed by boring, to provide an estimated mass of PCP in
LNAPL and an estimated mass of LNAPL per unit area at each boring. Methods used to
calculate these values are described in Appendix F.

As shown in attached Table 5 and summarized below in Table D, the vast majority of the mass
of PCP in LNAPL is present at boring M01. For example, the mass of PCP in LNAPL at boring
MO1 is approximately 125 grams/M? compared to 0.76 to 1.7 grams/M? at each of the other
cryogenic borings. The data were further evaluated to assess why the mass of PCP at boring
MO1 is so much greater than at the other borings. Figure 5 illustrates the difference. The high
concentrations of PCP occur within fine grained soil units present within the residual phase
LNAPL at this location.

Table D
Estimated PCP Mass in LNAPL per Boring
ESTIMATED MASS OF PCP IN LNAPL PER BORING
CRYO BORING (grams/boring/M?)
MO1 212
M02 1.54
MO3 210
MO4 0.25
MO5 0.36
MO6 1.40
MO7 0.76

As shown in Table 4, the majority of the mass of PCP in boring M01 originated from Sample
ID 706 (PCP concentration of 344 mg/kg) contributing 149 g/M? and Sample ID 720 (PCP
concentration of 141 mg/kg) contributing 41.8 g/M? of the total 212 g/M? for boring M01. The
soil units for these two samples, as shown on Figure 5 are silt and sandy silt, respectively,
whereas all of the other 1-inch thick samples in boring M01 are variations of poorly graded*
sand and poorly graded gravelly sand.

These samples demonstrate that there is some geologic control on the mass of PCP remaining in
the residual phase LNAPL in the vicinity of boring M01. If there are fine grained units within
the residual phase LNAPL, these soils may contribute to retaining PCP within the residual

¢ Poorly graded means well sorted, which also means a uniform grain size with only a trace of silt and
clay.
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phase LNAPL. Therefore, previous soil boring logs were reviewed within the vicinity of the
MO1 boring to assess if silt, sandy silt, or clays were present within the residual phase LNAPL
interval. The details of this assessment are included in Appendix G, including a table of borings
reviewed and where fine grained soil units were encountered in the residual phase LNAPL
intervals. Few fine grained units were found throughout the soil column and only one boring,
in addition to boring M01, of the 84 borings reviewed in the vicinity of boring M01 identified
similar fine grained units within the residual phase LNAPL (for a total of 2 of 85 borings).
However, there was a significant difference in the level of detailed soil sampling and
description between the cryogenic borings (i.e., M01 through M07) and the historical boring
logs at the site. The frozen core from the cryogenic borings preserve even the very thin silt
seams that may not be preserved as well in a traditional split spoon sample. Therefore, the
frequency of finding silt or clay units is based on the number of cryogenic borings conducted,
finding silt or clay within the residual phase LNAPL zone at one of seven locations, or

about 14%.

Calculating the estimated mass of PCP in LNAPL, presented in Table 5, uses the area around
each of the cryogenic borings. The area represented by boring M01 is divided, with 14% of the
area using the PCP mass/area calculated with the fine grained soil PCP concentrations and the
remaining 86%) using the mass of PCP in LNAPL calculated without the contribution from the
fine grained soils.

As shown in attached Table 5, and summarized below in Table E, the estimated mass of PCP in
LNAPL shows most of the remaining mass of PCP in LNAPL is present within the area
represented by boring M01.

Table E
Estimated PCP Mass in LNAPL
ESTIMATED MASS OF PCP IN LNAPL AREA
REPRESENTED BY EACH BORING

CRYO BORING (Ibs)

MO01 5,003

M02 16

MO03 20

M04 6

MO05 11

MO06 35

MO07 7

Total 5,097
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5.6 Total Oxidant Demand Results

Proper design of a field-scale implementation of an in-situ chemical oxidation (ISCO) remedial
option requires data on target contaminant levels as well as quantitative estimates of other
oxidant sinks. If all of the reactions that consume oxidant are not properly estimated, the
amount of oxidant that needs to be injected will be underestimated, and it is likely that the
ISCO effort will fail. Additionally, the demand for the oxidant exerted by subsurface materials
may make ISCO economically infeasible for particular sites. Therefore, samples collected
during the drilling operation for the cryogenic coring were subjected to total oxidant demand
(TOD) analyses. Results are summarized in Table 6 and analytical data provided in

Appendix D.

There are a number of chemical and physical factors that contribute to the total oxidant demand
(TOD) of a subsurface environment. These include: 1) dissolved phase contaminant, 2) sorbed
phase contaminant, 3) non-aqueous phase liquids, 4) dissolved phase reduced minerals, 4) solid
phase (or sorbed phase) reduced minerals, 5) dissolved and sorbed phase natural organic matter
(NOM), and 6) thermal and chemical decomposition. Obviously, the mass of oxidant cannot be
reliably estimated from the target contaminant levels alone.

TOD is reported in grams of oxidant per kilogram of groundwater sample. TOD testing for
sodium persulfate was completed per Haselow et al. (2003). Based on the analytical comparison
between Pre- and Post-TOD analyses (see Table 6), it appears that persulfate had little to no
remedial effect on TPH in both M01 and M07. The increase of TPH in the M01 post-treatment
sample is likely a result of small-scale heterogeneity in the collected sample that emerges in the
analyses of split sub samples. The Pre-TOD M01 subsample may have had no residual NAPL in
contrast with the remaining M01 subsample used for the TOD test. It appears that
approximately 40% of the PCP was successfully degraded in the M04 test and 90% to 100% in
the other tests. However, in the two tests with less than 100% destruction, a larger dose of
persulfate had little effect on the amount of destruction. This counter intuitive result may be an
artifact of the limited reaction time of this test. The TPH treatment results indicate that
persulfate will probably not be effective for remediating the mineral spirits and may or may not
be effective in remediating PCP in all locations. The reason for this opinion is that the testing is
more aggressive than field implementation and that if the chemical oxidation won’t destroy all
the mineral spirits, some PCP may not be destroyed by the oxidant because the PCP is dissolved
in the mineral spirits. Further evaluation of the effect of ISCO on PCP would require a small-
scale field pilot test to see if the application of persulfate will be useful in remediating PCP at
this site.
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Section 6
LNAPL CSM Update

Based on the data presented herein, the primary updates to the LCSM presented in Section 3 are

summarized as follows:

m  The amount of LNAPL within the immobile residual phase LNAPL zone has declined
substantially from the original estimated volume. The original residual saturation,
estimated as 17% based on testing in 1992, has reduced to an average of approximately
1.6%, or a reduction of 90.6% from the original residual saturation.

m  The concentration of PCP within this immobile residual phase LNAPL has reduced from
the original product of 5% to an average of 0.27%, or a reduction of 94.6% from the original
concentration.

m  The distribution of PCP mass shows that the majority of the estimated PCP mass is in the
vicinity of boring M01 (5,003 Ibs. of PCP in LNAPL) with very low concentrations and mass
of PCP in the rest of the residual phase LNAPL area (with only 94 Ibs. of PCP in LNAPL).

m  The mass of PCP in LNAPL is somewhat geologically controlled in the boring M01 area, in
that residual phase LNAPL present in fine grained soils contains the bulk of the PCP in
LNAPL.

Figure 12 presents this updated LCSM.

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation 19

\\MADISON-VFP\RECORDS\-\WPMSN \ PJT2\ 189597\ 0008\ 000003\ 000002\ M1895970008PH3T2-001.DOCX 12/6/19 Final December 2019



Section 7
Findings and Conclusions

7.1  Findings

In summary, the findings from the cryogenic coring sampling were shown to be in general
agreement with the LIF characterization of the residual phase LNAPL, but provides
quantitative data not available from the LIF surveys. These quantitative data are used to
update the LCSM as follows:

m  The average LNAPL saturation remaining is estimated to range from 0% to 7.3% of
porosity, with an average of 1.6%, which is a 90.6% reduction from the original 17% of
LNAPL saturation. Including samples with zero LNAPL saturation that are within the
LNAPL interval identified by the LIF survey, the average saturation is 1.0%, or 94.3%
reduction.

m  The average concentration of PCP in the LNAPL ranged from 0% to 2.3%, with an average
of 0.27%, which is a 94.6% reduction in PCP concentration from the original 5% PCP in the
product.

m  Combining the reduction in the volume of LNAPL (i.e., 90.6%) and the reduction of the
PCP concentration in this remaining LNAPL (94.6%), the total reduction in PCP mass is
99.5%.

m  The mass of PCP in LNAPL is somewhat geologically controlled in the M01 area, with
higher concentrations present in fine grained soils (silt or clay). It is estimated that up to
14% of the residual phase LNAPL in the M01 area may contain fine grained soils.

m  The estimated mass of PCP present in residual phase LNAPL is predominantly present in
the M01 boring area, with an estimated 5,003 Ibs of PCP in LNAPL, compared to a total of
94 1bs of PCP in LNAPL in the remaining residual phase LNAPL area.

7.2  Conclusions

These results demonstrate that significant source control of the residual phase LNAPL has
occurred. The data presented in this Technical Memorandum and the updated LCSM will be
used in further evaluating groundwater remedial technologies and alternatives.
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Table 1
Historical PCP Concentration in LNAPL

ANALYSIS RESULT
SAMPLE DATE DATE OF ANALYSIS METHOD mg/L % wiw
Jun-86 Jun-86 Total' 3.23%
26-Aug-96 26-Aug-96 TCLP? 11,700 1.46%
16-Feb-98 16-Feb-98 TCLP? 25,000 3.13%
2-Sep-99 2-Sep-99 TCLP? 11,000 1.38%
23-Oct-00 23-Oct-00 TCLP? 5,400 0.68%
12-Oct-01 12-Oct-01 TCLP? 5,000 0.63%
19-Sep-02 19-Sep-02 TCLP? 4,200 0.53%
23-Jul-03 23-Jul-03 TCLP? 10,000 1.25%
7-Mar-05 7-Mar-05 TCLP? 1,400 0.18%
18-Jul-05 18-Jul-05 TCLP? 1,572 0.20%
22-Oct-06 22-Oct-06 TCLP? 6,200 0.78%
10-Nov-08 10-Nov-08 TCLP? 790 0.10%
8-Jul-09 8-Jul-09 TCLP? 530 0.07%
3-Sep-10 3-Sep-10 TCLP? <1,000 <0.13%
Samples collected over 18-Apr-18 Total® 7700 0.96%
time in 2017 and 2018 5/11/2018 TCLP® 430 0.05%
Footnotes:

! Analysis presented in Keystone, 1986 Site Characterization Report, September 5, 1986, Appendix D, Table 2
2 Rader Environmental samples of recovered product prior to destruction analyzed by TCLP methods.

% Alpha Analytical total analysis using GC/MS-SIM 8270-SIM

4 CT Labs TCLP Analysis

PCP Concentration in LNAPL
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All analyses by TCLP, except as noted as total.
Open symbol indicates non-detect, plotted at detection limit.

Details on 1986 Keystone Sample Analyses and Average for
PCP Concentrations in Product

PCP CONCENTRATION
IN PRODUCT

WELL (%) AREA OF SITE

W-7 3.10% Central portion of product extent

W-4 3.30% Central portion of product extent

W-5 3.30% Central portion of product extent

Average of wells W-7, 3.23% Representative of product being recovered
W-4, and W-5
W-15 1.10% Upgradient extent of product, in the SE lobe
of product
W-6 0.30% Upgradient extent of product
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Table 2
PCB and Wet Chemistry Analytical Data
Investigative Derived Waste Analyses

M01-ABOVE M01-BELOW
ACCEPTANCE WATER RESULT WATER RESULT

CONSTITUENT LIMITS 10/22/2019 10/22/2019
GC Semivolatiles (mg/Kg)
PCB-1016 < 0.0060 < 0.0061
PCB-1221 < 0.0075 < 0.0076
PCB-1232 < 0.0074 < 0.0075
PCB-1242 < 0.0056 < 0.0057
PCB-1248 < 0.0067 < 0.0068
PCB-1254 < 0.0037 < 0.0037
PCB-1260 < 0.0084 < 0.0085
Polychlorinated biphenyls, Total <50 <0.0033 <0.0033
Wet Chemistry (%)
Total Chlorine | <1% | <0020 | 2.0
Wet Chemistry (Degrees F)
Flashpoint | >140 | >176 | >176
Wet Chemistry (mg/Kg)
Cyanide, Total <200 <0.25 <0.21
Sulfide <200 11 <45
Wet Chemistry (No Unit)
Free Liquid | 0% | Pass | Pass
Wet Chemistry (NONE)
Specific Gravity | no limit | 22423 | 2.2521
Wet Chemistry (SU)
pH |  20-125 | 6.1 | 6.6
Notes:

< = Less than the detection limit.
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Table 3
TCLP Analytical Data
Investigative Derived Waste

MO01-ABOVE M01-BELOW
ACCEPTANCE WATER RESULT WATER RESULT

CONSTITUENT LIMITS 10/22/2019 10/22/2019
Volatiles (mg/L)
Benzene <0.5 0.023 <0.010
Carbon tetrachloride <0.5 <0.010 <0.010
Chlorobenzene <100 <0.010 <0.010
Chloroform <6 <0.020 <0.020
1,2-Dichloroethane <0.5 <0.010 <0.010
1,1-Dichloroethene <0.7 <0.010 <0.010
Methyl Ethyl Ketone <200 <0.050 < 0.050
Tetrachloroethene <0.7 <0.010 <0.010
Trichloroethene <0.5 <0.010 <0.010
Vinyl chloride <0.2 <0.010 < 0.010
Semivolatiles (mg/L)
1,4-Dichlorobenzene <7.5 <0.020 <0.020
2,4-Dinitrotoluene <0.13 <0.010 <0.010
Hexachlorobenzene <0.13 < 0.0050 < 0.0050
Hexachlorobutadiene <0.5 < 0.050 < 0.050
Hexachloroethane <3 < 0.050 < 0.050
2-Methylphenol <200 <0.020 < 0.020
3 & 4 Methylphenol <200 <0.020 <0.020
Nitrobenzene <2 <0.010 <0.010
Pentachlorophenol <100 <0.20 <0.20
Pyridine <5 <0.20 <0.20
2,4,5-Trichlorophenol <400 <0.10 <0.10
2,4 ,6-Trichlorophenol <2 < 0.050 < 0.050
Metals (mg/L)
Arsenic <5 <0.010 <0.010
Mercury <0.2 < 0.00020 < 0.00020
Barium <100 0.39J 0.28 J
Cadmium <1 < 0.0020 < 0.0020
Chromium <5 <0.010 <0.010
Copper <100 0.014 J 0.011J
Lead <5 < 0.0075 < 0.0075
Nickel <35 <0.010 <0.010
Selenium <1 <0.020 <0.020
Silver <5 <0.010 <0.010
Zinc <200 0.63 B 0.27B
Notes:

< = Less than the detection limit.
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Table 4

Cryogenic Coring Data and PCP in LNAPL Concentrations

LIF
DETECTED VALUES
LNAPL LIF & CRYO SAMPLES EXCLUDED/NOT TOTAL MASS
NUMBER TOP & POSITIVE |MEASURED WITH COLLECTED MASS OF PCP MASS
OF SAMPLE BOTTOM [LNAPL SAT.| LNAPL POSITIVE FROM DATA SET | MASS | TOTAL MASS | OF PCP IN LNAPL OF MASS VOLUME VOLUME PCP PCP
SAMPLES | CORE D DEPTH | THICKNESS TPH GRO DRO PCP METHANE | DEPTHS |THICKNESS|THICKNESS| LNAPL LNAPL GAS | WATER | POROSITY | FOR SPECIFIED |OF PCP OF PCP IN LNAPL ZONES LNAPL OF LNAPL OF LNAPL OF LNAPL IN LNAPL | IN LNAPL
ANALYZED| ID NUMBER (ft) (ft) (mg/kg) | (mg/kg) | (mglkg) | (mg/kg) | (mglkg) (ft.) (ft) (ft) (% Sat.) [ SATURATION [ (% Sat.) | (% Sat.) (%) REASONS (g)/M? | (g)/boring/M? | (g/MA2) | (g/boringiMA2) | (g/MA2) | (g/boringiMA2) (LIMA2) (L/boring/MA2) | (mgiL) (%) GEOLOGIC DESCRIPTION
1 MO1 700 | 24.0831 0.25 105 0 105 0 0.008 0.0 91.3 8.7 325 0.0 0.0 Poorly Graded Gravelly Sand
2 701 24.5831 0.5 22 0 22 0 Rocks likely; 0.0 0.0 Poorly Graded Gravelly Sand
excluded
3 702 [ 25.0831| 0.5835 0 0 0 0 0.0 0.0 Poorly Graded Gravelly Sand
4 703 25.7501 1 0 0 ran out of 0.0 0.0 Poorly Graded Gravelly Sand
cutable core for
water jar, not
collected
5 704 | 27.0831 0.96 0 0 0 24 0.011 12.65 0.0 0.0 0.0
6 705 | 27.6701 1 2 0 2 7 0.007 0.0 62.0 38.0 24.4 3.62 0.0 0.0 0.0
7 706 | 29.0831 0.79 4,062 2,458 1,604 344 0.119 28.89 0.79 0.79 0.79 149.21 149.2 0.0 0.0 See Note| 10% not |[Silt
statistics
8 707 | 29.2501 0.1685 850 501 349 71 0.014 0.1685 0.17 0.17 . 71.0 . 6.52 6.5 33.7 4.21E-02 See Note| 10% not |Poorly Graded Sand
1 used in
statistics
9 708 | 29.4201 0.1665 0 0 0 10 0.006 0.0 35.7 64.3 40.6 0.88 0.0 0.0 0.0 Poorly Graded Sand
10 709 | 29.5831 0.165 3 3 0 3 0.011 LIF 0.0 39.6 60.4 37.7 0.30 0.0 0.0 0.0 Poorly Graded Gravelly Sand
11 710 | 29.7501 0.1685 115 99 16 2 0.011 LIF 2.16 0.0 455 54.5 35.9 0.22 0.0 0.0 0.0 Poorly Graded Gravelly Sand
Detected
12 711 29.9201 0.1665 134 112 22 2 0.011 LNAPL Cryo 0.0 48.2 51.8 394 0.15 0.0 0.0 0.0 Poorly Graded Gravelly Sand
13 712 30.0831 0.165 2,814 1,688 1,127 5 0.013 at 0.165 2.33 1.51 1.51 53.7 44.8 337 0.46 0.461 204.6 0.26 1,805 0.2 Poorly Graded Gravelly Sand
14 713 30.2501 0.1685 3,903 2,374 1,529 12 0.015 LIFO3 0.3335 2.63 2.63 49.8 47.5 30.0 1.09 1.094 3241 0.41 2,700 0.3 Poorly Graded Sand
15 714 30.4201 0.165 3,716 1,744 1,972 4 0.005 Rocks likely; 0.40 0.0 0.0 0.0 Poorly Graded Gravelly Sand
excluded
16 715 30.5801 0.165 229 165 64 2 0.014 0.0 62.1 37.9 29.2 0.22 0.0 0.0 0.0 Poorly Graded Gravelly Sand
17 716 30.7501 0.17 7,001 4,439 2,562 60 0.008 0.17 6.88 6.88 38.3 54.8 23.8 5.62 5.62 680.1 0.85 6,613 0.8 Poorly Graded Gravelly Sand
18 717 30.9201 0.165 7,377 4,743 2,634 77 0.018 0.165 7.31 7.31 48.3 44.4 23.8 6.94 6.94 698.9 0.87 7,940 1.0 Poorly Graded Gravelly Sand
19 718 31.0801 0.2485 100 91 8 12 0.014 31.05 0.0 63.5 36.5 26.2 1.61 0.0 0.0 0.0
20 719 31.4171 0.5435 60 56 5 4 0.009 0.0 62.4 37.6 317 1.32 0.0 0.0 0.0
21 720 32.1671 0.5415 4,743 3,305 1,437 141 0.054 0.5415 0.41 0.41 229 76.7 774 41.78 41.8 418.6 0.52 79,842 19.98% not|Sandy Silt
used in
statistics
22 721 32.5001 0.375 0 0 0 0.013 0.0 31.8 68.2 44.9 0.00 0.0 0.0 0.0 Sandy Silt
23 722 32.9171 0.4 48 43 5 4.7 0.013 0.0 40.2 59.8 28.8 1.03 0.0 0.0 0.0 Poorly Graded Sand
24 723 33.3001 0.1915 53 5 0 24 0.013 0.0 347 65.3 271 0.25 234.3 0.0 211.6 0.0 2360.0 0.0 3.0 Poorly Graded Gravelly Sand
25 MO02 724 21.501 0.7915 0 0 0 1.9 0.000 Rocks likely; 0.80 0.0 0.0 0.0
excluded
26 725 23.084 0.9585 0 0 0 0 0.0071 0.00 0.0 0.0 0.0
27 726 23.418 0.4585 0 0 0 0.0000 | 0.0056 0.0 Rocks likely; 0.00 0.0 0.0 0.0
excluded
28 727 24.001 0.583 130 107 23 0.0000 | 0.0257 0.0 36.5 63.5 39.3 0.00 0.0 0.0 0.0
29 728 24.584 0.4585 213 186 27 0.0000 | 0.0421 0.0 38.6 61.4 38.4 0.00 0.0 0.0 0.0
30 729 24.918 0.25 340 255 85 0.0000 | 0.0000 24.9 0.0 53.3 46.7 325 0.00 0.0 0.0 0.0
31 730 25.084 0.1665 621 431 190 0.0000 | 0.0493 0.25 0.07 0.07 39.7 60.3 37.3 0.00 0.0 10.2 0.0 0 0.000
32 731 Rocks likely; 0.08 0.08 0.0 0.0
excluded
33 732 25.418 0.1665 7,103 4,222 2,880 0.9640 | 0.0166 0.25 5.36 5.36 53.8 40.9 29.0 0.09 0.088 630.8 0.79 112 0.014
34 733 25.584 0.5415 2,270 1,409 861 0.9226 | 0.0513 0.83325 1.04 1.04 64.9 34.0 36.1 0.27 0.274 494 .4 0.62 444 0.055
35 734 26.501 0.5835 0 0 0 0 0.1404 0.0 30.6 69.4 53.9 0.00 0.0 0.0 0.0
36 735 26.751 0.208 205 188 18 0.8550 | 0.0767 0.0 31.9 68.1 43.9 0.10 0.0 0.0 0.0
37 736 26.917 0.1665 257 206 51 0.8311 0.0753 LIF LIF 0.0 25.7 74.3 42.7 0.08 0.0 0.0 0.0
Detected
38 737 27.084 0.167 196 178 18 0.8318 | 0.0770 LNAPL 5.97 0.0 24.4 75.6 451 0.08 0.0 0.0 0.0
39 738 27.251 0.167 209 186 23 0.8401 0.0842 at Cryo 0.0 39.5 60.5 45.0 0.08 0.0 0.0 0.0
40 739 27.418 0.1665 795 576 218 0.8386 | 0.0603 LIFO6 0.1665 412 0.13 0.13 345 65.4 43.3 0.08 0.077 22.5 0.028 2,729 0.341
41 740 27.584 0.1665 538 443 95 0.8421 0.0485 0.1665 0.02 0.02 51.9 48.1 35.2 0.08 0.077 3.3 0.004 18,571 2.321
42 741 27.751 0.167 419 352 67 0.9262 | 0.0570 0.0 35.1 64.9 251 0.08 0.0 0.0 0.0
43 742 27.918 0.1665 2,128 1,432 696 1.0611 0.0575 0.1665 1.54 1.54 46.7 51.7 259 0.10 0.097 162.2 0.20 478 0.060
44 743 28.084 0.5415 2,460 1,705 755 1.0268 | 0.1217 0.5415 1.14 1.14 427 56.1 36.2 0.31 0.305 547.2 0.68 446 0.056
45 744 29.001 0.5835 2,542 1,721 821 0.5348 | 0.1509 0.5835 0.44 0.44 24.8 74.7 60.6 0.17 0.171 379.6 0.47 361 0.045
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Table 4
Cryogenic Coring Data and PCP in LNAPL Concentrations

LIF
DETECTED VALUES
LNAPL LIF & CRYO SAMPLES EXCLUDED/NOT TOTAL MASS
NUMBER TOP & POSITIVE |MEASURED WITH COLLECTED MASS OF PCP MASS
OF SAMPLE BOTTOM [LNAPL SAT.| LNAPL POSITIVE FROM DATA SET | MASS | TOTAL MASS | OF PCP IN LNAPL OF MASS VOLUME VOLUME PCP PCP
SAMPLES | CORE D DEPTH | THICKNESS TPH GRO DRO PCP METHANE | DEPTHS |THICKNESS|THICKNESS| LNAPL LNAPL GAS | WATER | POROSITY | FOR SPECIFIED |OF PCP OF PCP IN LNAPL ZONES LNAPL OF LNAPL OF LNAPL OF LNAPL IN LNAPL | IN LNAPL
ANALYZED| ID NUMBER (ft) (ft) (mg/kg) | (mg/kg) | (mglkg) | (mglkg) (mglkg) (ft.) (ft) (ft) (% Sat.) [ SATURATION [ (% Sat.) | (% Sat.) (%) REASONS (g)/M? | (g)/boring/M? | (g/MA2) | (g/boringiMA2) | (g/MA2) | (g/boringiMA2) (LIMA2) (L/boring/MA2) | (mgiL) (%) GEOLOGIC DESCRIPTION
46 MO02 745 29.251 0.2915 427 343 85 0.8218 | 0.0731 0.0 42.3 57.7 47.6 0.13 0.0 0.0 0.0
47 (cont.)| 746 29.584 0.25 373 317 56 0.8964 | 0.0533 0.0 42.7 57.3 329 0.12 0.0 0.0 0.0
48 747 29.751 0.25 2,416 1,642 774 0.9554 | 0.0396 0.25 1.47 1.47 38.2 60.3 30.1 0.13 0.131 270.5 0.34 388 0.048
49 748 30.084 0.25 7.48 7.48 0.00 0.9779 | 0.0293 0.0 45.6 54.4 25.6 0.13 0.0 0.0 0.0
50 749 30.251 0.7085 0 0 0 0.9586 | 0.0133 0.0 63.6 36.4 27.2 0.37 0.0 0.0 0.0
51 750 31.501 0.9165 1,258 934 324 0.4752 | 0.1680 30.87 0.9165 0.10 0.10 30.9 69.0 71.2 0.24 0.239 161.6 0.20 1,183 0.148
52 751 32.084 0.5415 189 156 32 0.7646 | 0.0234 0.0 36.4 63.6 52.4 0.23 0.0 0.0 0.0
53 752 32.584 0.5435 108 96 11.3 0.8231 0.1386 0.0 313 68.7 48.0 0.25 0.0 0.0 0.0
54 753 33.171 0.2935 0 0 0 0.8937 | 0.0292 0.0 52.6 47.4 27.8 0.14 41 0.0 1.54 0.0 2682.4 0.0 34
55 MO03 754 21.501 0.7915 0 0 0 0.9706 | 0.0122 0.0 91.4 8.6 39.2 0.42 0.0 0.0 0.0
56 755 23.084 1.25 0 0 0 1.0721 0.0126 0.0 70.5 29.5 29.8 0.74 0.0 0.0 0.0
57 756 24.001 1.0085 0 0 0 0.9097 | 0.0034 0.0 53.3 46.7 43.4 0.50 0.0 0.0 0.0
58 757 25.101 0.75 0 0 0 0.9071 0.0126 0.0 53.7 46.3 47.9 0.37 0.0 0.0 0.0
59 758 25.501 0.2835 10,478 5,636 4,842 0.8650 | 0.0118 25.58 0.2835 3.43 3.43 57.0 39.6 491 0.13 0.135 1163.2 1.45 93 0.012
60 759 25.668 0.5 3,109 1,760 1,349 0.8397 | 0.0105 0.5 0.81 0.81 48.7 50.5 51.5 0.23 0.230 510.6 0.64 361 0.045
61 760 26.501 0.5415 8,870 5,612 3,258 0.8793 | 0.0422 0.5415 LIF 3.27 3.27 39.8 56.9 45.9 0.26 0.261 1981.4 248 105 0.013
62 761 26.751 0.2085 10,058 7,108 2,950 0.3043 | 0.0508 0.2085 417 2.19 2.19 26.8 71.0 59.1 0.03 0.035 658.2 0.82 42 0.005
63 762 26.918 0.1665 659 517 142 0.8316 | 0.0094 LIF 0.1665 Cryo 0.06 0.06 317 68.3 45.0 0.08 0.076 11.8 0.0 5,168 0.646
Detected
64 763 27.084 0.1665 2,374 1,809 565 0.8291 0.0693 LNAPL 0.1665 4.96 0.99 0.99 44 .4 54.6 38.5 0.08 0.076 155.2 0.19 391 0.049
65 764 27.251 0.1685 4,081 2,828 1,253 0.9301 0.0508 at 0.1685 2.40 2.40 49.6 48.0 33.0 0.09 0.086 326.4 0.41 211 0.026
66 765 27.421 0.875 3,369 2,403 965 0.8979 LIFO7 0.875 ran out of 0.43 04 0.0 0.0
cutable core for
water jar, not
collected
67 766 29.001 0.915 2,351 1,801 550 0.5132 | 0.0194 0.915 0.42 0.42 28.6 71.0 59.4 0.26 0.258 555.2 0.69 371 0.046
68 767 29.251 0.2085 559 452 108 0.8030 | 0.0156 0.2085 0.02 0.02 34.3 65.6 471 0.09 0.092 5.3 0.0 13,909 1.739
69 768 29.418 0.1665 306 255 51 0.8143 | 0.0171 0.0 327 67.3 46.6 0.07 0.0 0.0 0.0
70 769 29.584 0.1665 363 296 67 0.8334 | 0.0131 29.75 0.0 315 68.5 44.7 0.08 0.0 0.0 0.0
71 770 29.751 0.25 507 414 93 0.8424 | 0.0165 0.25 0.003 0.003 33.2 66.7 449 0.12 0.116 0.8 0.0 121,860 | 15.3 not
used in
statistics
72 771 30.084 0.675 3,435 2,397 1,038 0.9457 | 0.0135 0.675 244 244 41.7 55.9 28.5 0.35 0.350 11441 1.43 245 0.031
73 772 31.101 0.5085 36 33 3.43 0.8699 | 0.0106 0.0 38.8 61.2 324 0.24 46 0.0 2.1 0.0 6512.0 0.0 8.1
74 M04 773 24.001 0.55 0 0 0 0.4414 | 0.0138 0.0 46.5 53.5 52.6 0.13 0.0 0.0 0.0
75 774 25.101 1.25 0 0 0 0.9301 0.0368 0.0 43.6 56.4 29.9 0.64 0.0 0.0 0.0
76 775 26.501 0.8665 61,371 | 33,632 [ 27,740 | 0.1356 | 0.6186 0.8665 LIF 1.67 1.67 22.2 76.1 92.3 0.06 0.064 3264.7 4.08 16 0.002
77 776 26.834 0.25 1,257 732 525 0.8091 0.0450 26.91 0.25 0.75 0.33 0.33 334 66.3 42.9 0.11 0.111 87.3 0.11 1,017 0.127
78 777 27.001 0.167 860 548 312 0.8374 | 0.0450 LIF 0.167 Cryo 0.15 0.15 33.4 66.4 43.5 0.08 0.077 27.4 0.0 2,237 0.280
79 778 27.168 0.1665 1,841 1,081 761 0.8721 0.0145 | Detected | 0.1665 1.45 Rocks likely; 0.08 0.000 0.0 0.0
LNAPL excluded
80 779 27.334 0.208 497 312 185 0.9042 | 0.0238 | atLIFO9 0.0 40.4 59.6 324 0.10 0.0 0.0 0.0
81 780 27.584 0.25 16.3 131 3.25 0.9198 | 0.0389 27.66 0.0 37.9 62.1 29.6 0.13 0.0 0.0 0.0
82 781 27.834 0.7085 0 0 0 0.9702 | 0.0162 0.0 49.8 50.2 22.8 0.38 0.0 0.0 0.0
83 782 29.001 1.3335 407 301 107 0.3828 | 0.0801 0.0 221 77.9 733 0.28 0.0 0.0 0.0
84 783 30.501 0.75 0 0 0 0.9337 | 0.0185 0.0 66.5 33.5 35.5 0.38 24 0.0 0.252 0.0 3379.5 0.0 4.2
85 MO05 784 21.501 0.5415 0 0 0 0.4003 | 0.0172 0.0 33.7 66.3 45.3 0.12 0.0 0.0 0.0
86 785 22.584 0.75 0 0 0 0.9038 | 0.0167 0.0 49.7 50.3 26.7 0.37 0.0 0.0 0.0
87 786 23.001 0.7085 0 0 0 0.9194 | 0.0140 0.0 45.6 54.4 33.7 0.36 0.0 0.0 0.0
88 787 24.001 1.0415 0 0 0 0.1268 | 0.6173 0.0 23.4 76.6 81.0 0.07 0.0 0.0 0.0
89 788 25.084 0.71 0 0 0 0.9698 | 0.5808 0.0 52.1 47.9 34.9 0.38 0.0 0.0 0.0
90 789 25.421 0.25 380 243 137 0.9802 | 1.0580 25.41 0.0 45.9 54.1 29.4 0.13 0.0 0.0 0.0
91 790 25.584 0.165 2,274 1,263 1,011 0.9477 | 0.8122 | atLIF36 | 0.0925 LIF 1.63 1.63 44.6 53.8 26.5 0.09 0.086 173.9 0.22 395 0.049
92 791 25.751 0.4585 1,800 1,012 787 0.9824 | 1.4079 26.44 0.4585 1.03 0.86 0.86 41.3 57.9 33.3 0.25 0.247 321.3 0.40 616 0.077
93 792 26.501 0.875 3,438 2,717 721 0.0624 | 3.1789 0.7725 Cryo 0.05 0.05 22.4 77.5 95.2 0.03 0.030 99.3 0.12 242 0.030
94 793 27.501 1.25 70 61 9.5 0.8361 0.3801 1.32 0.0 47.2 52.8 46.5 0.57 0.0 0.0 0.0
95 794 29.001 1.0415 3 3 0 0.7120 | 0.0538 0.0 31.1 68.9 46.7 0.41 0.0 0.0 0.0
96 795 29.584 0.5415 0 0 0 0.8316 | 0.0381 0.0 325 67.5 44.5 0.25 0.0 0.0 0.0
97 796 30.084 0.5 2 2 0 0.8189 | 0.0591 0.0 31.1 68.9 44.5 0.22 0.0 0.0 0.0
98 797 30.584 0.375 0 0 0 0.8368 | 0.0446 0.0 38.6 61.4 37.7 0.17 0.0 0.0 0.0
99 798 30.834 0.125 0 0 0 0.8582 | 0.0318 0.0 38.2 61.8 43.9 0.06 35 0.0 0.363 0.0 594.5 0.0 0.7
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Table 4
Cryogenic Coring Data and PCP in LNAPL Concentrations

Legend:

18.56 Denotes LIF detected LNAPL interval with top and bottom depths in

20.01 ft. below ground surface.

Notes:

Samples not analyzed.

1. PCP concentration in LNAPL set at 10% in samples 706, 707, 720, and 770 and are not used in the statistics because the PCP concentration in LNAPL is uncertain. Samples 706, 707, and 720 have high PCP concentrations and low % saturation, such that the PCP in LNAPL concentration is very sensitive to small changes in the analytical

Sample 770 has very low LNAPL % saturation. So, for Samples 706, 707, and 720 the PCP adsorbed to soil is > than assumption that all PCP is in NAPL. Sample 770's LNAPL saturation is so low that any uncertainty leads to an erroneous PCP concentration in LNAPL.
2. Input values used for calculations:
3. Sample analyses performed by Colorado State University
4. Cells with no data indicate analyses not performed.

Prepared by K. Quinn 8/29/2019

soil bulk density - 1,800 kg/M3

Checked by: S. Sellwood 8/30/2019; 9/11/2019; 10/16/2019

LNAPL density - 800 g/L
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LIF
DETECTED VALUES
LNAPL LIF & CRYO SAMPLES EXCLUDED/NOT TOTAL MASS
NUMBER TOP & POSITIVE |MEASURED WITH COLLECTED MASS OF PCP MASS
OF SAMPLE BOTTOM [LNAPL SAT.| LNAPL POSITIVE FROM DATA SET | MASS | TOTAL MASS | OF PCP IN LNAPL OF MASS VOLUME VOLUME PCP PCP
SAMPLES | CORE D DEPTH | THICKNESS TPH GRO DRO PCP METHANE | DEPTHS |THICKNESS|THICKNESS| LNAPL LNAPL GAS | WATER | POROSITY | FOR SPECIFIED |OF PCP OF PCP IN LNAPL ZONES LNAPL OF LNAPL OF LNAPL OF LNAPL IN LNAPL | IN LNAPL
ANALYZED| ID NUMBER (ft) (ft) (mg/kg) | (mg/kg) | (mglkg) | (mglkg) (mg/kg) (ft.) (ft) (ft) (% Sat.) | SATURATION | (% Sat.) | (% Sat.) (%) REASONS (g)/M? | (g)/boring/M? | (g/MA2) | (g/boringiMA2) | (g/MA2) | (g/boringiMA2) (L/IMA2) (L/boring/MA2) | (mglL) (%) GEOLOGIC DESCRIPTION
100 MO06 799 17.501 0.2915 0 0 0 0.8629 | 0.0090 0.0 41.5 58.5 33.0 0.14 0.0 0.0 0.0
101 800 18.084 0.5415 276 220 55 0.8945 | 0.0094 0.0 46.3 53.7 31.2 0.27 0.0 0.0 0.0
102 801 18.584 0.375 8,073 5,034 3,039 0.8843 | 0.0071 0.375 3.23 3.23 371 59.7 43.7 0.18 0.182 1292.0 1.61 113 0.014
103 802 18.834 0.2085 5,208 3,272 1,936 0.9016 | 0.0091 0.2085 LIF 3.87 3.87 48.4 47.7 28.7 0.10 0.103 565.3 0.71 146 0.018
104 803 19.001 0.417 2,795 1,815 980 0.8706 | 0.0141 0.417 0.79 1.40 1.40 317 67.0 35.3 0.20 0.199 500.5 0.63 318 0.040
105 804 19.668 0.5 3,090 2,009 1,081 0.9276 | 0.0224 0.5 Cryo 243 243 33.2 64.4 26.1 0.25 0.255 773.4 0.97 263 0.033
106 805 20.001 0.333 3,219 2,076 1,144 0.9342 | 0.0558 0.333 3.3335 2.68 2.68 41.2 56.1 251 0.17 0.171 547.8 0.68 249 0.031
107 806 20.334 0.25 7,421 4,646 2,775 0.9153 | 0.1981 0.25 4.37 4.37 63.2 32.4 34.4 0.13 0.126 916.9 1.15 110 0.014
108 807 20.501 0.5835 1,078 779 299 0.8890 [ 0.1799 0.5835 0.34 0.34 32.3 67.4 36.1 0.28 0.285 174.3 0.22 1,307 0.163
109 808 21.501 0.6665 1,136 988 148 0.2725 | 0.7143 0.6665 0.11 0.11 23.5 76.3 66.0 0.10 0.100 116.5 0.15 684 0.086
110 809 21.834 0.25 63 59 47 0.8438 | 0.1075 21.78 0.0 37.6 62.4 344 0.12 0.0 0.0 0.0
111 810 22.001 0.167 0 0 0 0.9310 | 0.1505 LIF 0.0 44.0 56.0 29.7 0.09 0.0 0.0 0.0
Detected
112 811 22.168 0.15 2.97 2.97 0 0.9082 | 0.1835 LNAPL 0.0 38.6 61.4 30.1 0.07 0.0 0.0 0.0
113 812 22.301 0.0665 3.10 3.10 0 0.9373 | 0.1112 22.57 0.0 41.6 58.4 27.2 0.03 213 0.0 1.42 0.0 4887 0.0 6.11
114 MO7 813 14.501 0.4585 0 0 0 0.9777 | 0.0121 0.0 84.6 154 37.6 0.25 0.0 0.0 0.0
115 814 15.418 0.5835 0 0 0 1.0153 | 0.0102 0.0 75.2 24.8 21.2 0.33 0.0 0.0 0.0
116 815 15.668 0.375 0 0 0 0.9936 | 0.0059 0.0 66.3 337 31.0 0.20 0.0 0.0 0.0
117 816 16.168 1.1665 0 0 0 0.9696 | 0.0128 0.0 76.5 23.5 325 0.62 0.0 0.0 0.0
118 824 18.001 1.208 1.78 1.78 0 0.9126 | 0.0115 0.0 494 50.6 39.3 0.60 0.0 0.0 0.0
119 825 18.584 0.375 681 404 277 0.9301 0.0173 18.56 0.375 LIF 0.17 0.17 52.8 47.0 26.3 0.19 0.191 40.4 0.05 3,789 0.474
120 826 18.751 0.4585 544 316 228 0.9954 | 0.0082 LIF 0.4585 1.45 0.13 0.13 9.7 Rocks likely; 0.25 0.250 14.6 0.0 13,742 1.718
Detected excluded
121 817 19.501 0.5 1,878 1,037 841 0.7784 | 0.0189 LNAPL 0.5 Cryo 0.64 0.64 34.6 64.8 41.7 0.21 0.214 324.7 0.41 526 0.066
122 818 19.751 0.2085 2,844 1,567 1,277 0.8913 | 0.0253 | atLIF39 | 0.2085 1.542 1.41 1.41 71.8 26.8 355 0.10 0.102 254.8 0.32 320 0.040
123 819 19.918 0.1665 194 169 26 0.3545 | 0.0236 0.0 51.2 48.8 254 0.03 0.0 0.0 0.0
124 820 20.084 0.2915 202 154 48 0.9224 | 0.0361 20.01 0.0 43.6 56.4 24.9 0.15 0.0 0.0 0.0
125 821 20.501 0.375 16 13 2.58 0.9374 | 0.0369 0.0 38.5 61.5 26.1 0.19 0.0 0.0 0.0
126 822 20.834 0.25 3.53 3.53 0 0.9171 0.0439 0.0 53.0 47.0 29.2 0.13 0.0 0.0 0.0
127 823 21.001 0.0835 0 0 0 0.9395 | 0.0280 0.04 3.30 0.0 0.76 0.0 634.5 0.0 0.79
Statistics across all samples Avg 1778 1110 700 6.9 0.1 0.6 1.6 44.3 55.1 38.8 Avg 3,967 0.27
in respective columns Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 221 8.6 9.7 Minimum 0.0 0.0
Max 61,371 | 33,632 | 27,740 344 3.2 7.3 7.3 914 77.9 95.2 Maximum 79,842 23
Median 207 186 50 0.90 0.02 0.0 1.01 41.54 | 57.32 35.92 Median 0.049
Statistics within the LIF LNAPL Zones |Avg 2,851 1,762 1,112 10 0.1 1.0 1.6 41.6 57.4 39.2
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.2 8.7 9.7
Max 61,371 | 33,632 | 27,740 | 344.2 3.2 7.3 7.3 91.3 77.5 95.2
Median 969.1 654.1 311.9 0.9 0.0 0.1 1.0 39.8 58.4 35.9
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Mass of PCP in LNAPL Summary

Table 5

MASS TOTAL MASS MASS MASS MASS
AREA AROUND | AREA AROUND [ TOTAL MASS OF PCP IN OF PCP IN OF PCP OF PCP OF LNAPL
BORING BORING OF PCP BORING AREA LNAPL ZONES ONLY IN LNAPL IN LNAPL MASS OF LNAPL IN BORING AREA
BORING (f)) (M?) (g/boring/M?) (9) (g/boring/M?) (9) (Ib) (g/boring/M?) (9)

MO1a 41,121 3,822 234.3 895,417 212 808,862 1,779 2,360 9,020,364
M01b 252,597 23,479 43.3 1,016,195 62.4 1,465,376 3,224 2,360 55,410,810
M02 50,027 4,650 4.1 19,233 1.54 7,169 16 2,682 12,473,110
MO03 45,348 4,215 4.6 19,274 2.15 9,044 20 6,512 27,448,875
M04 109,429 10,171 24 24,149 0.25 2,565 6 3,379 34,374,344
MO05 152,586 14,183 35 49,352 0.36 5,148 11 594 8,431,279
M06 119,001 11,061 2.1 23,598 1.42 15,702 35 4,887 54,051,469
M07 45,762 4,254 3.3 14,039 0.76 3,222 7 634 2,698,811
Total (M?) 75,836  [Total (g) 2,061,257 |Total (g) 2,317,088 Total (g) 203,909,063
Total (ft%) 815,871 Total (kg) 2,061 Total (kg) 2,317 Total (kg) 203,909
Total (Ac) 18.7 Total (Ib) 4,535 Total (Ib) 5,097 |[Total (Ib) 448,600

Total MO1 (Ib) 5,003  [MO1 (Ib) 141,749

Total M02-MO07 (Ib) 94 MO02-MO7 (Ib) 306,851
Notes:

1. Areas around each boring as shown on Figure 3.

2. Area around M01 subdivided into MO1a and MO1b based on estimated area with fine grained soil (2% of the area for MO1a) and coarse grained soil (98% of area for MO1b) within residual phase LNAPL zon

Prepared by: K. Quinn 11/18/2019

Checked by: S. Sellwood 11/21/2019
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Table 6
Total Oxidant Demand Analytical Results

SAMPLE
Analysis MO04-775E| M04-775E| M05-792 | M05-792 | M06-806 | M06-806 MO01 MO1 MO07 MO07
Dose (g/Kg) 30 60 30 60 30 60 30 60 30 60
Total Oxidant Demand (g/kg Soil) 16.9 255 10.6 18.7 14.3 19.2 6.8 12.3 6.3 134
Pre-Oxidant Analyses
TPH as Min. Spirits (mg/kg) 752 <7.4 859 15.6 232
PCP (mg/kg) 10.3 0.552 17.5 0.55 4.31
Post Oxidant Analyses M0430 M0460 M0530 M0560 M0630 M0660 M0130 M0160 M0730 M0760
TPH as Min. Spirits (mg/kg) 220 590 70.8 47.6 103 124 66.1 75.3 85.3 92.3
PCP (mg/kg) 6.63 6.1 <0.069 <0.058 1.3 1.27 <0.06 <0.059 <0.58 <0.57
% Reduction
TPH as Min. Spirits 70.7% 21.5% Increase | Increase 88.0% 85.6% | Increase | Increase 63.2% 60.2%
PCP 35.6% 40.8% 100.0% | 100.0% 92.6% 92.7% 100% 100% 100% 100%
Notes:

1. Dose - Sodium persulfate applied as two doses (e.g., 30 g/Kg and 50 g/Kg)
2. Percent reductions calculated using 0.0 for non-detect samples.

Prepared by: K. Quinn 11/1/2019
Checked by: S. Sellwood 11/11/2019
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Appendix A
1992 Keystone LNAPL Soil Properties

TRC Environmental Corporation | Wauleco, Inc.
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TABLE 3-3

RESULTS OF CAPILLARY PRESSURE - SATURATION TESTS
WAULECO, INC.

Sample Depth
B-901(A) 9°-17

B-901(B) 9-17

B-905(A) 9-15’
B-905(B) 9'-15’

W-3625 11/92

Dry
Density

109 Pcf
124 Pcf
109 Pcf
124 Pcf

- WAUSAU FACILITY
Saturated
Hydraulic
Conductivity Porosity
40 Ft/day 0.29
2 Ft/day 0.28
12 Ft/day 0.31
0.2 Ft/day 0.26

2.46
2.13
2.01
1.66

12%
12%
18%
23%



TABLE 3-4

DESIGN VALUES USED IN SPILLVOL MODEL

- Property

Porosity

Van Genuchten alpha
Van Genuchten n
Van Genuchten Sm
Sor

Sog

G

Bac

Bow

Notes:

WAULECO, INC.
WAUSAU FACILITY

Value

0.3

0.9 ft-1
22
0.15
0.15
0.10
0.82
3.20
145

S&A = Stephens and Associates
UT = University of Texas

Z = Zimpro

E = Estimate

W-3624 11/92

TRC Notes:

Sor is the maximum residual
saturation in saturated soils as
a fraction of porosity.

Sog is the maximum residual
saturation in vadose zone soils
as a fraction of porosity.

SQQI‘CC

S&A
S&A
S&A
&A

[44]

fﬂﬂiNSS


KQuinn
Text Box
TRC Notes:
Sor is the maximum residual saturation in saturated soils as a fraction of porosity.
 
Sog is the maximum residual saturation in vadose zone soils as a fraction of porosity.


TABLE 3-5
RESULTS OF SOIL CORE FLOOD TESTS

WAULECO, INC.
WAUSAU FACILITY

Residual Residual

Saturated Oil - 0il Hydraulic
Hydraulic Saturation Saturation Conductivity
Sample Conductivity Porosity in Water in Air AtS..
SP-1 27 Ft/day 0.37 0.17 - NA  33Ft/Day
SP-2 NA 0.45 NA 0.10 NA
SP-3 43 Ft/day 037 . 0.14 NA 11 Ft/day
SP-4 43 Ft/day 039 0.17 NA 12 Ft/day-

Note: All soil samgles collected from the vicinity of monitoring well W-1A, at a depth
of 2 ft. to 3 ft. |

NA = Value not available from specific core flood.

TRC Notes:

Residual oil saturation in water
is equivalent to Sor in Table
3-4.

Residual oil saturation in air is
equivalent to Sog in Table 3-4.

W-3625 11/92


KQuinn
Text Box
TRC Notes:
Residual oil saturation in water is equivalent to Sor in Table 3-4.
 
Residual oil saturation in air is equivalent to Sog in Table 3-4.



U

ADDENDUM REPORT TO
EVALUATION OF TREATMENT
SYSTEM ALTERNATIVES FOR

PRODUCT REMOVAL

Prepared for:

WAULECO, INC.
STEVENS POINT, WISCONSIN

Prepared by:

KEYSTONE ENVIRONMENTAL RESOURCES, INC.
3000 TECH CENTER DRIVE
MONROEVILLE, PENNSYLVANIA 15146

PROJECT NO. 351950

DECEMBER 1992

KEYSTONE

ENVIRONMENTAL RESOURCES, INC.



Appendix B
Cryogenic Core Collection (C3) from
Unconsolidated Subsurface Media

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation
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Cryogenic Core Collection (C,) from
Unconsolidated Subsurface Media

by Saeed Kiaalhosseini, Richard L. Johnson, Richard C. Rogers, Maria Irianni Renno, Mark Lyverse, and Thomas C. Sale

Abstract

We evaluated tools and methods for in situ freezing of cores in unconsolidated subsurface media. Our approach, referred to as cryogenic
core collection (Ca), has key aspects that include downhole circulation of liquid nitrogen (LN) via a cooling system, strategic use of thermal
insulation to focus cooling into the core, and controlling LN back pressure to optimize cooling. Two cooling systems (copper coil and dual-wall
cylinder) are described. For both systems, the time to freeze a single 2.5-foot (76-cm) long by 2.5-inch (63-mm) diameter core is 5 to 7 min.
Frozen core collection rates of about 30 feet/day (10 m/day) were achieved at two field sites, one impacted by petroleum-based light nonaque-
ous phase liquids (LNAPLs) and the other by chlorinated solvents. Merits of C include (1) improved core recovery, (2) potential control of flowing
sand, and (3) improved preservation of critical sediment attributes. Development of the C, method creates novel opportunities to characterize
sediment with respect to physical, chemical, and biological properties. For example, we were able to resolve water, LNAPL, and gas saturations
above and below the water table. By eliminating drainage of water, gas and LNAPL saturations in the range of 6 to 23% and 1 to 3% of pore

space, respectively, were measured in LNAPL-impacted intervals below the water table.

Introduction

Collection of cores from unconsolidated subsurface
media is common to many disciplines, including geotech-
nical engineering, mining, and subsurface remediation.
Common approaches include hollow-stem auger (HSA) and
direct push (DP) drilling techniques. Rotosonic drilling, a
promising option in many ways, is not considered here due
to concerns with sample vibration and heating. Successful
core collection requires effective recovery of sediment core
from the targeted interval and preservation of the critical
core attributes, including contaminant concentrations, fluid
saturations, hydraulic conductivity, and biogeochemical
conditions. This paper explores in situ freezing of HSA-
collected sediment cores as a means to improve sample
recovery as well as preserving critical attributes of the recov-
ered samples. Collectively, steps for collecting in situ frozen
cores are referred to as cryogenic core collection (C,).

Collection of high-quality sediment cores can be chal-
lenging. This is particularly true for saturated, cohesionless
sediments (e.g., sands and gravels). First, cohesionless sedi-
ments commonly fall out of coring systems during with-
drawal of the core from the borehole (Figure la and 1b).
Losses can result from gravity acting on the core, downward
movement of pore fluids through the coring system, and/
or a vacuum beneath the coring system during withdrawal.
A common remedy for losses during core withdrawal is to

© 2016, National Ground Water Association.
doi: 10.1111/gwmr.12186

NGWA.org

place a “catcher” at the base of the coring system. Unfortu-
nately, catchers can be ineffective in preventing losses due
to sediment flow through catchers, and catchers can com-
promise core recovery by limiting sediment movement into
the collection system.

A second challenge in saturated cohesionless sediments
(i.e., below the water table) is “flowing sand.” During with-
drawal of coring tools to the surface, the effective stress in
the borehole space is reduced with respect to the effective
stress in the adjacent formation at the same depth. These
unbalanced stresses can lead to flow of sediments and flu-
ids into the HSAs (Figure 1c), which can compromise the
quality of cores from deeper intervals. Fluids (e.g., drill-
ing mud) can be added to coring systems to control flowing
sediments; however, addition of fluids can be complicated
and may compromise critical attributes of cores.

Lastly, during core withdrawal and post recovery, pore
fluids commonly drain from cores and are replaced by
atmospheric gases (Figure 1d and le). The issue of water
drainage from core is addressed in McCall et al. (2014).
Loss of pore fluids and invasion of atmospheric gases can
bias (1) estimates of fluid saturations (i.e., water, non-
aqueous phase liquid [NAPL], and gas), (2) estimates of
contaminant concentrations (due to losses of pore fluids
and volatile compounds), (3) analyses of reactive minerals,
and (4) evaluations of microbial ecology.

The limitations of core collection using conventional
HSA and DP drilling techniques have led to the exploration
of alternatives. However, work to date has not produced a
widely adopted solution for the aforementioned challenges.

Groundwater Monitoring & Remediation 36, no. 4/ Fall 2016/pages 41-49 41
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Figure 1. Challenges with conventional collection of cores
from unconsolidated subsurface media (a) withdrawal of the
coring system, (b) cohesionless sediments drop out of the cor-
ing system, (c) flowing sand into the borehole due to unbal-
anced stresses at drilling front, (d) drainage of pore fluids, and
(e) volatilization of compounds and invasion of atmospheric gases.

Early work on collecting undisturbed samples from uncon-
solidated sediments using freezing techniques was con-
ducted for liquefaction analysis at Fort Peck Dam, Montana.
Forty hours of injecting liquid nitrogen (LN) through a pipe
with a diameter of 2.5 inches (63 mm), froze the formation
radially to diameter of about 2-feet (60 cm) and depth of
about 30 feet (10 m) below ground surface (bgs). Subse-
quent coring of the frozen formation required a giant core
barrel and heavy crane (Yoshimi et al. 1984).

Durnford et al. (1991) employed a drive sampler with
a gas expansion chamber located in the bottom 3inches
(76-mm) of the drive shoe of the system. Liquid CO, was
allowed to expand in the gas expansion chamber sampler
(=79°C), ultimately freezing the core sample at the base
of the drive sampler (i.e., drive shoe). Freezing at the drive
shoe limited the losses of sediment and fluids during sample
extraction. However, the Durnford et al. (1991) methods
included the following limitations: (1) discharging CO, gas
downhole at the drive shoe, which may bias fluid saturations
and the pH of the pore fluid), (2) the CO, supply line was
located on the outside of the drive sampler; therefore, it was
vulnerable to damage during driving, (3) only the lower
portion of the core was frozen, (4) rates of sample freez-
ing were slow in saturated media due to losses of cooling
capacity to saturated formation, and (5) issues with flowing
sand remained. Murphy and Herkelrath (1996) combined
the piston core barrel approach of Zapico et al. (1987) and
the liquid CO,-cooled drive shoe of Durnford et al. (1991).
The piston and freezing provided complementary solutions
for losses of sediment during withdrawal. Results, both

42 S.Kiaalhosseini et al./ Groundwater Monitoring & Remediation 36, no. 4:41-49

positive and negative, were similar to those of Durnford
et al. (1991).

Johnson et al. (2013) wrapped a copper coil around
an aluminum core liner in a GeoProbe Dual Tube sampler
(GeoProbe 2011) and used LN as the coolant. Importantly,
the gas lines were on the inside of the drive sampler to pro-
tect them from mechanical damage. Three-foot (90 cm)
core sections were frozen in situ prior to withdrawal. Many
of the issues related to recovery and sample preservation
were addressed by this method. However, the Johnson et al.
(2013) work (1) did not address the flowing-sand issue,
(2) precluded direct field inspection of core due to the alu-
minum core liner, and (3) was limited to sample collection
in media where DP was applicable.

The objective of this study is to describe a refined set
of tools and operational procedures that address the limi-
tations of core collection methods developed to date and
enable practical in situ collection of frozen cores from
unconsolidated subsurface media. In this study, critical ele-
ments associated with the C, method include the use of
(1) HSA drilling techniques that rely on removal of cuttings
via rotation of the auger while pushing the sample system
into the targeted sediments, (2) LN as the cryogenic cool-
ant, (3) insulation to focus cooling into the core, and (4) core
collection systems that can freeze sediments below the auger
cutting head, thereby reducing the likelihood of flowing sand.

The effectiveness of the C, method in preserving the dis-
tribution of pore contents (i.e., water, LNAPL, and gases)
both above and below the water table has been tested and
evaluated on frozen cores collected from two contaminated
field sites (1) the Francis E. Warren (FEW) AFB in Chey-
enne, Wyoming and (2) a former refinery in the western
U.S., as further described below and in Sale et al. (2016).

The FEW AFB is an approximately 7000-acre (2850-
ha) facility that is underlain by shallow eolian and fluvial
deposits. Eolian deposits include local beds of caliche. The
Eolian and fluvial deposits are underlain by the Ogallala
Formation, which locally consists of interbedded gravel,
sand, and silt beds with varying clay content. Through
historical maintenance and disposal activities, chlorinated
solvents (primarily trichloroethene) were inadvertently
released to the subsurface.

The former refinery covers approximately 200 acres
(81 ha) and is underlain by North Platte River alluvium.
Sediments grade from fine-grained over bank deposits (sand
and silts) at ground surface into point bar sands and chan-
nel gravels with depth. Beds of gravels and cobbles are also
present within the over bank and point bar deposits. The site
is impacted by historical releases of petroleum associated
with petroleum refining operations between 1923 and 1982.

Methods

Advancement of the C, method involved sequential test-
ing and refinement of tools and operational procedures. Ini-
tial development was conducted at Drilling Engineers, Inc.
and the Colorado State University (CSU) facility in Fort
Collins, Colorado. Subsequently, tools and operational pro-
cedures were tested and refined at the two aforementioned
contaminated field sites. Samples were first collected at

NGWA.org



FEW AFB on September 22 and 23, 2014. Two different
field mobilizations were carried out at the former refinery
site on September 30, 2014 and August 11 and 12, 2015.

C, Tools and Operational Procedures

A Central Mining Equipment (CME) 75 HSA drilling
system was employed in this study. All work were conducted
using 4.25-inch (108-mm) inner-diameter (ID) auger flights.
The C, core barrel consisted of a modified 4-inch (101-mm)
outer-diameter (OD), 5-foot (1.52-m) CME continuous sam-
ple tube system with a cryogenic cooling system fit inside
the core barrel. Modifications were made to two compo-
nents of the CME continuous sample tube system. First, two
0.75-inch (19-mm) holes were drilled in the top of the drive
head to allow coolant delivery and exhaust lines to enter
and exit the top of the core barrel, as shown in Figure S1(a),
Supporting Information. Second, a custom-designed drive
shoe with 2.5-inch (68-mm) ID was developed to provide
clearance for the cooling system and insulation, as shown
in Figure S1(b). Two cryogenic cooling systems were ulti-
mately developed: a copper cooling coil and a stainless steel
dual-wall cooling cylinder.

Cooling Coil

The configuration of the cooling coil is shown in
Figures 2 and S2. The cooling coil consisted of 50 feet
(15.24 m) of 0.375-inch (9-mm) OD copper tube wrapped
over a length of 2.5 feet (76 cm). The coil was in direct con-
tact with the PVC sample liner. A “U-turn” loop was located
at the bottom of the coil to return the cooling coil again
around the sampler and back up to the surface. The outside
of the coils was covered in 0.25-inch (6.4-mm) closed-cell
neoprene insulation which was covered with PVC tape.

1- LN inlet tube

2- LN exhaust tube

3- Modified drive head
4- CME solid barrel

5- PVC tape

6- Insulation layer

7- Copper coll

8- PVC liner

9- Modified drive shoe

Figure 2. Cross-section of cooling coil system and components
placed inside a 5-foot CME continuous sample tube system.

Five-foot (152-cm) long, 2.5-inch (63-mm) OD clear PVC
liners were placed inside the cooling coil within the C, bar-
rel for sample collection.

Dual-Wall Cooling Cylinder

The dual-wall cooling cylinder is shown in Figures 3
and S3. This system consists of two concentric stainless-
steel tubes, 2.5 foot (76 cm) in length, which were enclosed
at the top and the bottom. The dual-wall cooling cylinder
was equipped with 0.25-inch (6.4-mm) OD stainless-steel
inlet and exhaust tubes at the top of the cylinder. The inlet
line carried the LN to the base of the cylinder to focus deliv-
ery of the coolant into the base of the sample and the drive
shoe. The exhaust line collected LN (liquid and vapor) at
the top of the cooling cylinder for delivery back to ground
surface. As with the cooling coil system, the outside of the
dual-wall cooling cylinder was covered in ®*-inch (6.4-mm)
closed-cell neoprene insulation and PVC tape. A 2.5-inch
(63-mm) OD clear PVC liner was placed inside the cooling
cylinder for core collection.

LN Coolant, Delivery, and Exhaust

LN, which provides temperatures as low as —196°C
at atmospheric pressure, was used as the coolant. 160-L
LN Dewars with 230-psi (15.8-bar) internal pressure were
employed. A 0.75-inch (19-mm) vacuum jacket tube was
used to connect the LN Dewar to the downhole delivery
line. The delivery and exhaust lines consisted of 5-foot (152-
cm) long, 0.375-inch (10-mm) OD sections of stainless-steel
tubes, insulated with 0.25-inch (6.4-mm) closed-cell neo-
prene insulation and covered with heat-shrink PVC tubing.
The 5-foot (152-cm) sections were connected with stain-
less-steel Swagelok™ (Solon, Ohio) unions. Handling of

1- LN inlet tube

2- LN exhaust tube

3- Modified drive head

4- Stopper rod

5- CME solid barrel

6- PVC tape

7- Insulation layer

8- PVC liner

9- Dual-wall cylinder
10- Modified drive shoe

Figure 3. Cross-section of the dual-wall cooling cylinder and
components placed inside a 5-foot CME continuous sample
tube system.

NGWA.org
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- LN Dewar

- LN valve

- LN delivery line

- Exhaust line

- Pressure gauge

- Cryogenic throttle valve

- Thermocouple

- Digital temperature meter

- HSA flight

0- CME continuous sample tube

Figure 4. Schematic of the LN cooling delivery and back pres-
sure control system on exhaust line.

LN followed manufacturer’s recommendations provided in
material safety data sheets. No major safety concerns arose
with the use of LN in this study.

A cryogenic throttle valve and pressure gage were
placed on the exhaust line above ground surface to control
back pressure in the cooling systems, as shown in Figures 4
and S4. Optimal cooling was achieved by (1) maintaining
about 200 psi (13.8 bar) at the Dewar, (2) initially imposing
zero back pressure at the exhaust in order to maximize flow,
and (3) after 0°C was observed at the exhaust, closing the
throttle valve to achieve a back pressure of approximately
100 psi (6.9 bar) in the exhaust line to maintain the nitrogen
in a liquid state adjacent to the core.

Controlled Experiments to Determine Freezing Time

Prior to field mobilization, a series of controlled
experiments were conducted at the Drilling Engineers,
Inc. facility to evaluate the time required to freeze sedi-
ment cores in situ. To accomplish these experiments, PVC
liners were packed with a silty sand mixture (moderately
sorted silt to fine sand) and saturated with tap water.
The pre-packed cores were equipped with Type T ther-
mocouples located at the top, middle, and bottom. The
thermocouples were connected to a four-channel tempera-
ture logger (Omega HH378 temperature meter). The pre-
packed cores were placed inside the C, barrel and lowered
into 10 feet (3 m), as well as 20 feet (6 m), of 4.25-inch
(108-mm) ID HSA flights that had been drilled into the
ground. Freezing of the pre-packed cores was then car-
ried out as described above (with 200 psi [13.8 bar] at the
LN Dewar and, in this case, with no back pressure at the
exhaust), and the temperatures were recorded as a func-
tion of time.

Operational Procedure

Figure 5a through 5d illustrates the steps involved in the
collection of frozen core. First, the HSA and the C, barrel
were advanced 2.5 feet (76 cm) into the ground, as shown in
Figure 5a. Second, LN was delivered to freeze the core, as

44 S Kiaalhosseini et al.| Groundwater Monitoring & Remediation 36, no. 4:41-49

1- LN inlet tube
2- LN Exhaust tube
3- LN delivery line connected to

5- HSA flight
6- CME continuous sample tube
(partial cut-away)

LN Dawar 7- Cryogenic cooling system

8- Sediment core
9- Frozen plug

4- Exhaust line connected to
back pressure system

Figure 5. C, operational procedure. (a) Advancement of the
HSA and the C, barrel, (b) injection of LN through the C, sys-
tem to freeze the core and the formation immediately below
the drive shoe, (c) withdrawal of the C, barrel to the surface
and recovery of core, and (d) the HSAs and the C, barrel are
advanced for the next interval.

shown in Figure 4. Ideally, a frozen zone of sediment also
formed around the exterior of the drive shoe (Figure 5b).
Third, the C, barrel was withdrawn from the HSA flights
and the core was retrieved to ground surface (Figure 5c).
Between Figure 5c and 5d, the core was removed from the
barrel, and a new PVC liner was installed in preparation
for subsequent sampling (Figure 5d). The collected core
was inspected to verify freezing, measured to determine
the percent of recovery, capped on the ends, labeled, and
immediately placed horizontally on dry ice in a cooler for
preservation purposes. A notable complication was that,
for some cores, the core liners froze to the cooling coil or
dual-wall cooling cylinder. This challenge was eliminated
by briefly (less than 20 seconds) running hot water from
a pressure washer through the cooling systems to thaw the
film of ice holding the core in the system. All frozen cores
were shipped to CSU and stored in a walk-in —20 °C refrig-
eration room.

Core Analysis

The primary objective of the C, method is to improve
the preservation and analysis of critical core attributes.
A three-step process of sub-dividing a sample (i.e., sub-
sampling), preserving the “sub-samples,” and subsequent
sample analyses is referred to here as “high-throughput
analysis” (HTA). The methods of HTA are documented in
Sale et al. (2016) and will be briefly discussed here. The
combined processes of C, and HTA allow all core process-
ing to be conducted in the laboratory, versus in the field, and
on a timeframe that is flexible (because the cores are kept
frozen). Other advantages of laboratory processing include
(1) elimination of weather-related sample biases, (2) access
to better environmental control devices (e.g., hoods, gloves,
etc.), (3) improved accuracy of measurements (e.g., weights
and volumes), and (4) enhanced safety because staff are not
deployed to field sites.
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As discussed above, frozen core can be used to exam-
ine a broad set of physical, chemical, and biological char-
acteristics of sediments. As an example, the distribution of
fluid saturations (i.e., water, NAPL, and gases) in frozen
cores collected from the former refinery is reported. Other
parameters for which preservation analysis can be improved
by in situ freezing of sediment cores include: (1) volatile
organic compounds, (2) redox-sensitive inorganic water-
quality indicators (e.g., Fe(Il), H,, H,S, O,) and minerals
(e.g., FeS), and (3) microbial ecology and activity, as further
explained in Sale et al. (2016).

Frozen cores were collected from four locations (E1D,
B2D, B3D, and D4D) in a 0.02-acre (0.008-ha) test area at
the former refinery in August 2015. Frozen cores were cut
into 1-inch (25.4-mm) sub-sections, referred to as “hockey
pucks,” at 4-inch (101-mm) intervals using a circular chop
saw. Cuts were completed in 5 to 10 s, and the hockey pucks
remained frozen at the surface of the cut and through the
body of the sample.

Subsequently, hockey pucks were quartered into “sub-
samples” and preserved. One of the sub-samples was placed
in high purity (ACS/HPLC certified) methanol (Honeywell
Burdick & Jackson, Muskegon, Michigan). The concentra-
tion of total petroleum hydrocarbons (C,,,,) in the methanol
extract were resolved by gas chromatography. Details of the
analytical methods are provided in the Appendix S1, and are
well described in Sale et al. 2016. The minimum concentra-
tion of total petroleum hydrocarbons in which LNAPL is
observed in subsamples under UV light is referred to as the
“cut-off concentration” (C_ ). Consequently, concentra-
tions of LNAPL (C ) in subsamples were determined by

. LNAPL
subtracting C from C

cut-off TPH"

A second subsample was weighed, placed in deionized
(DI) water, and the volume of displaced water was weighted.
The displaced water mass was used to estimate the total vol-

ume of the sample, V,

Vt = Mw/p w (1)

where M is the mass of water instantaneously displaced by
the sample and p_ is the density of water (assumed to be 1
gm/cm?). Subsequently, the second sample was dried and
reweighed. Collectively, the initial sample weight, displaced
water volume, TPH concentration, and final sample weight
were used to resolve physical parameters, including poros-
ity, fluids saturation, and fluids content using Equations 2
through 6:

p=1-M/V,-p) (2
Cixare = Cren — Covcon 3)
Sinare = (Coxaer * Mo/ Pryar )V, = (M, 1P,) @
Sy = V~(Coynp. - M P )V, = (M Ip) (5)
Sg =1 (S +5,) (6)
6= So (N
NGWA.org

where ¢ is porosity, M f is the mass of dry soil, S, .., Sy»
and S, are the LNAPL, water and gas saturations, respec-
tively. @1is the volumetric fluid content, calculated for each
fluid phase. V, is the liquid (water+LNAPL) volume in
the sample. Determination of M e Ve and V, is described in
detail in Sale et al. 2016. In this study the particle density,
p,, was assumed to be 2.65 g/cm?® (value for quartz, Dana
and Ford 1929) and p, ,,, Was assumed to be 0.8 g/cm’

(value for diesel, Mercer and Cohen 1990).

The two remaining sample quarters were archived for
potential future studies. The 3-inch (76-mm) core section
from between the hockey pucks was also stored in a freezer
for subsequent analyses. Additional information regarding
subsampling is presented in Sale et al. 2016.

Sediment subsamples in methanol and DI water were
visually logged under visible and ultra-violet (UV) light by
a professional geologist. Descriptions of the sediments fol-
low the guidelines for hydrogeological logging of samples
presented in Sterrett (2007). Recorded attributes include
sediment type, sorting, grain-size distribution, color, and
presence of NAPL. Florescence induced by UV light was
used to identify the presence of LNAPL (Cohen et al.
1992).

Results

Rate of Cooling Experiments

An example of temperature and the rate of cool-
ing vs. time data, collected during development of the C,
method, is shown in Figure 6. In this case, approximately
6.5 min is required to completely freeze a pre-packed core.
The data were collected from a controlled experiment at
20 feet below the water table (water table at 10 feet bgs).
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Figure 6. Example data for the cooling experiment: (a) thermal
diffusion front reaches thermocouple at the center of the core,
(b) cooling rate controlled by water’s heat of fusion, (c) cooling
rate slows slightly as the freezing front approaches the thermo-
couple, and (d) the cooling rate increases rapidly after the core
is completely frozen.
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The experiment was performed using the copper cooling
coil system. In Figure 6, the cooling rate curve shows the
four phases of freezing the pre-packed soil cores. First, the
thermal diffusion front reaches the thermocouple at the
center of the core. Second, the cooling rate is controlled
by water’s heat of fusion. Third, the cooling rate slightly
decreases as the freezing front approaches the thermocou-
ple. Last, the cooling rate increases rapidly after the core is
completely frozen.

Core Production and Recovery

Table 1 summarizes frozen core production data at FEW
AFB and the former refinery using the C, method. Through
three field efforts and 5 days of drilling, 146 feet (44.5 m) of
frozen core were collected. Of the 146 feet of core, all but
10 feet (3.05 m) were collected using coil cooling systems.
In more recent projects, a version of the dual-wall cooling
cylinder system with larger (0.375-inch [9.5-mm]) inlet and
discharge has become the preferred system. The primary
advantage of the dual-wall cooling cylinder system is better
cooling at the base of the sample and in the formation below
the drive shoe interval.

The average cryogenic core production rate was about
30 feet/day (10 m/day). Based on prior HSA coring at
both sites, C, required approximately 50% more time than
conventional sampling using HSA drilling techniques.
However, as further described in the following sections,
recovery from targeted intervals was improved using the
C3 method, and key attributes, including fluid saturations,
were preserved.

Core sample recoveries from field work at FEW AFB
and the former refinery site are shown in Figure 7. At FEW
AFB, recovery was close to 100%, except for intervals
encountering caliche beds that required a center head in
lieu of the continuous sample tube system. At the former
refinery site, recovery varied between 16 and 100%, with
a median of 80%. The primary factor limiting recovery at
the former refinery was cobbles larger than the 2.5-inch
(63-mm) ID drive shoe, which blocked sediment entry into
the sample system. As a basis of comparison, attempts to
collect 2.5-foot (760-mm) sediment cores at the former
refinery site, using the 2.5-inch (63-mm) ID CME con-
tinuous sample tube system without the cryogenic cooling

Table 1

Core Production and Production Rate at FEW and the
Former Refinery

Average Core
Core Produc- Production Rate

Site Dates tion (Feet) (Feet/Day)
FEW September 22 50 25
AFB and 23, 2014
Former September 30, 36 36
refinery 2014
Former  August 11 and 60 30
refinery 12, 2015

Total 146 29
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system consistently yielded extremely poor recovery (less
than 15%).

The time required to inject LN through the system
to freeze the cores is presented in Figure 7. Using the C,
method, 5 to 7 min of LN delivery was enough to freeze a
2.5-foot (76 cm) core above and below the water table.

During different core collection runs at the former refin-
ery site, control of flowing sand was evaluated by mea-
suring the solids level in the HSA after removal of the C,
barrel. This level was compared to prior drilling at the same
location when the C, method was not used. Preliminary
results indicated that the dual-wall cooling system reduced
the amount of sediment entering the barrel between core
collection runs. Future work will focus on more rigorous
evaluation of the potential to control flowing sand via freez-
ing sediments below the drive shoe, including concurrent
use of two cryogenic coring tools wherein a second tool is
placed in the HSA immediately after withdrawal the first
cryogenic coring tool. The second tool will limit movement
of sand into the HSA. In the intervening time in which the
frozen sample is removed from the first coring tool, frozen
sediments below the sampled interval will have a chance to
thaw. The concept of allowing time for sediment to thaw
addresses the concern that frozen soils below the drive shoe
could limit recovery.

Core Analysis
Visual Logging of Sediments

Visual logs of the sediments collected from four loca-
tions (i.e., E1D, B2D, B3D, and D4D) at the former refinery
site (in August 2015) are shown in Figure 8. As is typically
seen in stream deposits, sediment generally graded from
fine to coarse with depth. Sediment colors graded from
reds and browns above 4 feet (1.22 m) bgs to gray and black
below 4 feet (1.22 m) bgs. Reds and browns are attributed
to oxidized iron minerals. Grays and blacks are attributed
to reduced metal sulfides associated with anaerobic deg-
radation of petroleum hydrocarbons (Irianni Renno et al.
2016).

Fluid Saturation, Fluid Content, and Porosity

Figure 8 shows fluid saturation, fluid content, and
porosity of frozen cores collected from the former refin-
ery site in August 2015. Most importantly, when doing in
situ freezing of cores, the results are not biased by drainage
of water from the core during sample collection. Unfortu-
nately, many NAPLs have freezing points well above the
temperature achieved during freezing or subsequent storage
of core in a —20°C freezer. Correspondingly, redistribution
of NAPL present as a continuous phase is possible dur-
ing periods when the core is not held in its original verti-
cal orientation. Given the LNAPL saturations less than 2%
below the water table, it is likely that the LNAPL below the
water table was present as immobile discontinuous blobs,
surrounded by frozen water. The limited LNAPL above the
water table may have moved during horizontal sample stor-
age. In future work where NAPL saturations are an issue,
consideration should be given to storing frozen cores in their
original vertical orientation.
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Figure 7. Core recovery and time of LN injection through the C, system at: (a) FEW AFB (three locations; M173F, M38C, and
M700C) and (b) the former refinery site (four locations; E1D, B2D, B3D, and D4D).

Median fluid content, fluid saturation, and porosities,
above and below the water table, are shown in Table 2.
Lower porosity values reflect samples where large pieces
of solid aggregate comprised a large fraction of the sam-
ple. Large gas content/saturations below the water table are
attributed to gases being generated by anaerobic natural
source zone depletion processes (Amos and Mayer 2006;
Irianni Renno et al. 2016). Large gas saturations and small
LNAPL content/saturations values below the water table are
attributed to natural depletion of LNAPL (natural source
zone depletion) via biologically mediated processes (Irianni
Renno et al. 2016).

Conclusions

This paper documents a practical approach for collect-
ing in situ frozen cores from unconsolidated subsurface
media, referred to as C,. Key elements of the C, method
include downhole circulation of LN to copper coil or dual-
wall cylinder cooling systems, strategic use of insulation to
focus cooling into the core, and back pressure on LN lines to
optimize cooling. While the majority of the core described
here was collected using coil cooling system, the preferred
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approach is the dual-wall cooling barrel, due to better
freezing at the base of the sampled interval and potentially
below the drive shoe. The rate of core collection using the
C, method was approximately 30 feet/day (10 m/day). Core
recoveries in a braided stream deposit and eolian sediments
were 80 and nearly 100%, respectively.

Application of the C, method has the potential to
improve core recovery and preservation of physical, chemi-
cal, and biological attributes of sediments. Here we dem-
onstrated the merits of C,, by examining fluid saturations
in the absence of pore fluids drainage that is common with
many core-sampling techniques. By preventing drainage of
water, we were able to document gas saturations of 6 to 23%
in LNAPL impacted media and LNAPL saturations of 1 to
3% of pore space, below the water table. Both high gas and
low LNAPL saturations are consistent with natural source
zone depletion processes actively depleting LNAPL below
the water table.

Cryogenic storage is a standard approach for preserving
chemical and biological properties of saturated sediments
(e.g., DNA and mRNA [Brow et al. 2010] and redox con-
ditions [U.S. Environmental Protection Agency (U.S. EPA)
2002 and Wilkin 2006]). As a consequence, the ability
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Figure 8. Results of fluid saturation, fluid content, and porosity determined after HTA of frozen cores collected from four locations
(E1D, B2D, B3D, and D4D) at the former refinery site (August 2015).

Table 2

Median Porosity, Fluid Content, and Fluid Saturations
of Frozen Cores Collected from the Former Refinery

Site in August 2015
Median Results
Volume/Volume Porous Media
Above the Below the
Water Table Water Table
Porosity 23.7 29.2
Water content/saturation 14.5/49.5 22.1/74.2
Gas content/saturation 10.8/50.5 5.8/22.9
LNAPL content/saturation 0.2/0.6 0.9/2.8

to preserve samples prior to collection using the C, is
intuitively desirable. However, further work in this area is
needed and comparisons of critical parameters with freezing
and without freezing are an area of ongoing research. The
overarching vision is that C, can facilitate better resolution
of subsurface conditions, support enhanced site conceptual
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models, and lead to more frequent selection of successful
remedies for subsurface restoration.
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Figure S-1. Modifications on drive head and drive shoe: a) two holes on drive head to pass LN
delivery and exhaust lines through the system and b) custom-designed drive shoe to provide

clearance for cooling system and insulation.

Figure S-2. Insulated cooling coil being inserted into the core barrel.



Figure S-3. Dual-wall cooling cylinder inserted into the core barrel.



Figure S-4. LN Dewar and back pressure control system: a) LN Dewar with 230 psi (15.8 bar)
internal pressure, b1) LN inlet line, b2) exhaust line where the thermocouple was installed,

b3) throttle valve, b4) pressure gauge, and b5) digital temperature logger.



TPH Analysis

Concentration of total petroleum hydrocarbons (CtpH) of samples were determined
using liquid-solid extraction followed by gas chromatography (GC) method. Sub-samples were
agitated in SMI multi-tube vortex, (SMI, Midland, ON, Canada) for one hour. One microliter (pl)
of the extract was injected into gas chromatograph (Hewlett Packard, Model 5890 Series Il)
with a flame ionization detector (FID). The GC was equipped with an automatic sample injector
(Hewlett Packard, Model 7673) and a Restek (Bellefonte, PA) RTX-5TM column (30 m length x
0.32 mm ID x 0.25 um film thickness). The GC temperature was kept at 45 °C for 3 minutes,
increased to 120 °C by rate of 12 °C /min, increased to 300 °C by rate of 20 °C /min, and kept at
300 °C for 3 minutes. The injection port and detector temperatures were 250 °C and 300 °C,
respectively. The supply rate for the carrier gas (Helium) was 3 ml/minute. A nine-component
gasoline range organic (GRO) EPA/Wisconsin mix standard (Restek, Bellefonte, PA) was used for
GRO components including BTEX. A ten component diesel range organic (DRO) EPA/Wisconsin
mix standard (Restek, Bellefonte, PA) was used for DRO components. All calibration curves
were characterized by coefficient of determination greater than 0.99 (R2>0.99). At least two
calibration standards were measured with each GC run. Total petroleum hydrocarbon (TPH)
results are reported as the sum of GRO and DRO on a dry weight sediment basis. The dry
weight of each sample was determined by removing excess liquids from sub-samples and using

microwave oven heating method according to ASTM D4643.
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mg/kg mg/kg mg/kg mg/kg mg/kg Saturation %

Depth Sample ID [TPH GRO DRO PCP Methane |NAPL Gas Water Porosity
24.0831 700| 104.5269 0| 104.5269 0| 0.008478 0] 91.29362| 8.706383| 32.5382
24.5831 701| 21.6449 0| 21.6449 0
25.0831 702 0 0 0 0| 0.00756 0| 83.92803] 16.07197] 22.19505
25.7501 703 0 0
27.0831 704 0 0 0| 24.01659| 0.010519 0| 53.87833| 46.12167| 36.52604
27.6701 705| 2.081893 0| 2.081893| 6.589255| 0.007028 0| 62.04196] 37.95804]| 24.44302
29.0831 706| 4061.528| 2457.875| 1603.653| 344.1726| 0.118586
29.2501 707| 850.3968| 501.2633| 349.1334| 70.52928| 0.013579| 0.12232| 28.84018| 71.0375 48.68884
29.4201 708 0 0 0| 9.627032| 0.00594 0| 35.71527| 64.28473| 40.63964
29.5831 709| 3.472021| 3.472021 0| 3.350356( 0.010931 0] 39.57455| 60.42545| 37.6608
29.7501 710| 115.1296| 98.84862| 16.28099| 2.421725| 0.011447 0| 45.47793| 54.52207| 35.92249
29.9201 711| 134.0489| 111.6165| 22.43244| 1.616454| 0.010566 0| 48.1994| 51.8006| 39.4013
30.0831 712| 2814.28| 1687.703| 1126.577| 5.096111| 0.013442| 1.508883| 53.73323| 44.75788 33.68971
30.2501 713| 3902.902| 2374.35| 1528.553| 11.8289| 0.015087| 2.626574| 49.84905| 47.52438) 30.02866
30.4201 714 3716.3| 1744.243| 1972.057| 4.40934| 0.005076
30.5801 715| 228.8181| 165.0256| 63.79252( 2.397588| 0.014133 0| 62.14771| 37.85229| 29.19386
30.7501 716| 7001.23| 4439.412] 2561.818| 60.26558| 0.007512| 6.882205| 38.29743| 54.82037| 23.8335
30.9201 717| 7376.607| 4742.524| 2634.083| 76.60039| 0.018137| 7.307642| 48.28229| 44.41007] 23.76373
31.0801 718| 99.81641| 91.34584| 8.470569| 11.78269| 0.013646 0| 63.54677| 36.45323| 26.17739
31.4171 719| 60.07707| 55.51948| 4.557583| 4.430563| 0.008974 0| 62.39556( 37.60444| 31.73989
32.1671 720| 4742.924] 3305.47| 1437.454| 140.5836| 0.053795| 0.409222 22.85761| 76.73317| 77.4495
32.5001 721 0 0 0 0| 0.012697 0| 31.8333] 68.1667| 44.92535
329171 722| 47.81822| 42.6701| 5.14812| 4.690965| 0.012607 0] 40.17361| 59.82639| 28.80436
33.3001 723| 5.282391| 5.282391 0| 2.356307 0.01334 0] 34.73199| 65.26801| 27.06684
25.083 724 0 0 0| 1.853046 0
23.084 725 0 0 0 0| 0.007081 0| 52.85994( 47.14006| 37.9495
23.418 726 0 0 0 0| 0.005606
24.083 727| 129.8865| 106.5381| 23.34837 0| 0.025697 0| 36.47773| 63.52227| 39.2565
24.584 728| 212.7983| 185.6041| 27.19417 0] 0.042066 0] 38.60243| 61.39757 38.402
24.918 729| 340.3988| 255.375{ 85.02381 0 0 0] 53.29328| 46.70672| 32.48443
25.084 730| 621.4278| 430.9543| 190.4735 0| 0.049251| 0.067732| 39.67236| 60.2599| 37.25915
25.251 731
25.418 732 7102.69| 4222.417| 2880.273| 0.964021| 0.016581| 5.358749| 53.7518| 40.88945]| 28.98453
25.584 733] 2269.762| 1408.68| 861.0819| 0.92265| 0.051286| 1.035726| 64.91902| 34.04525| 36.14353
26.583 734 0 0 0 0] 0.140363 0| 30.56778| 69.43222 53.91108
26.751 735| 205.4799| 187.8932| 17.58667| 0.854972| 0.076747 0] 31.92678| 68.07322| 43.87538
26.917 736| 257.4379| 206.3137( 51.12421( 0.831144| 0.075251 0| 25.72577| 74.27423| 42.66103
. 27.084 737| 196.1584| 177.6628| 18.49568| 0.831756| 0.077017 0| 24.44495| 75.55505| 45.12828
27.251 738| 208.7965| 185.7211] 23.07533| 0.840056| 0.084152 0] 39.45768| 60.54232| 45.00125
27.418 739] 794.6732| 576.2608| 218.4124| 0.838583| 0.060305| 0.127622{ 34.50102| 65.37136| 43.33765
27.584 740| 538.018| 443.4093| 94.60867| 0.84207 0.0485| 0.023193| 51.90616| 48.07065| 35.19092
27.751 741| 418.7373| 351.6999| 67.03733| 0.926156| 0.056998 0| 35.10282| 64.89718| 25.11934
27.918 742| 2128.325| 1432.357| 695.9681| 1.061111{ 0.057532 1.5394| 46.73548| 51.72512| 25.94704
28.084 743| 2460.357| 1705.148| 755.2085| 1.026777[ 0.121651| 1.144863| 42.7421| 56.11304| 36.19201
29.001 744] 2542.204| 1721.157] 821.047] 0.534762| 0.150917 0.440402| 24.82089| 74.73871| 60.56863
29.251 745| 427.371| 342.5362| 84.83477| 0.82176| 0.073132 0] 42.32911| 57.67089| 47.56638
29.584 746| 373.2157| 316.7348| 56.48084| 0.89641| 0.053283 0| 42.6823| 57.3177| 32.90593
29.751 747] 2415.76| 1642.221| 773.5387| 0.955405[ 0.039564| 1.474061| 38.23819| 60.28775| 30.09479
30.084 748| 7.480309| 7.480309 0| 0.977869| 0.029308 0| 45.60847| 54.39153| 25.64302
30.251 749 0 0 0| 0.958628| 0.01333 0| 63.59265| 36.40735| 27.17261
31.501 750] 1258.296 934.15| 324.1462| 0.475248| 0.16805| 0.101509| 30.87325| 69.02524( 71.21903
32.084 751| 188.684| 156.4515| 32.2325[ 0.764596| 0.023435 0] 36.37596| 63.62404| 52.37091
32.584 752| 107.5119| 96.21295( 11.29899| 0.82314| 0.13856 0| 31.25211| 68.74789| 47.95852
33.171 753 0 0 0| 0.893668| 0.029197 0| 52.5948| 47.4052| 27.79814
21.501 754 0 0 0| 0.970563| 0.012187 0] 91.40289| 8.597107| 39.19648
23.084 755 0 0 0| 1.07206| 0.012571 0| 70.52145( 29.47855| 29.83919
24.001 756 0 0 0| 0.909662| 0.003384 0| 53.30604| 46.69396| 43.35764
25.101 757 0 0] 0| 0.907087| 0.01255 0| 53.69389]| 46.30611| 47.85617
25.501 758 10477.5| 5635.607] 4841.897| 0.864964| 0.011785| 3.426285| 56.99309( 39.58062| 49.09946
25.668 759| 3108.652 1759.7| 1348.952| 0.839747| 0.01052| 0.81227| 48.73176| 50.45597| 51.54637
26.501 760| 8870.419| 5612.333| 3258.086| 0.879267| 0.042198| 3.268813| 39.83911| 56.89207| 45.89414
26.751 761 10057.9] 7107.92] 2949.983| 0.304323| 0.050809 2.189152| 26.80249| 71.00835| 59.12107
26.918 762| 658.8439| 516.8348| 142.009( 0.831613[ 0.009414 0.064434| 31.66126| 68.2743| 44.95227
27.084 763| 2374.407| 1809.087| 565.3199| 0.829064| 0.069317 0.993279| 44.37913| 54.62759| 38.46527
27.251 764| 4081.129| 2828.365| 1252.765| 0.930138| 0.050775 2.403188] 49.58216| 48.01465| 33.04833
27.421 765| 3368.949| 2403.457| 965.4921| 0.89792
29.001 766 2350.75| 1801.023| 549.7272| 0.513247| 0.01942| 0.418666| 28.62759 70.95374| 59.42088
29.251 767| 559.2751| 451.7461| 107.5291 0.80303[ 0.015551 0.022078| 34.33519| 65.64273| 47.07101
29.418 768| 306.2181| 254.7292| 51.48896| 0.814295| 0.017128 0| 32.66813| 67.33187| 46.62073
29.584 769| 362.7455| 295.8202| 66.92531| 0.833424| 0.01314 0| 31.46324| 68.53676| 44.65668
29.751 770] 506.8137| 413.8622| 92.95147| 0.842424| 0.016509| 0.002773| 33.24946| 66.74776| 44.86754
30.084 771] 3435.288| 2397.298| 1037.99| 0.945745[ 0.013527| 2.435747| 41.65917] 55.90509 28.52983
31.101 772| 36.41177| 32.98253| 3.429243| 0.869939| 0.010622 0| 38.83857| 61.16143| 32.37771




24.033 773 0 0 0] 0.441402| 0.013831 0} 46.45332] 53.54668| 52.5829
25.101 774 0 0 0] 0.930106| 0.036784 0] 43.59793| 56.40207| 29.90356
26.583 775| 61371.49| 33631.52| 27739.97| 0.135574| 0.618609| 1.672925| 22.23044| 76.09664| 92.3389
26.834 776| 1257.497| 732.014| 525.4833| 0.809078| 0.045038| 0.333575| 33.37703| 66.2894| 42.92946
27.001 777| 859.7804| 547.8606| 311.9198| 0.837374| 0.045031) 0.154973| 33.40624| 66.43879| 43.47151
27.168 778| 1841.34| 1080.582| 760.7577| 0.872121| 0.014524
27.334 779| 496.7367| 312.1103| 184.6264| 0.904247| 0.023831 0| 40.43022| 59.56978| 32.4377
27.584 780| 16.31356| 13.06646| 3.247102] 0.919807| 0.038859 0f 37.94367| 62.05633| 29.63477
27.834 781 0 0 0] 0.970156| 0.016207 0] 49.75154| 50.24846| 22.75506
29.083 782| 407.3422| 300.8344| 106.5078| 0.382819| 0.080132 0{ 22.11323| 77.88677| 73.28405
30.501 783 0 0 0| 0.933664| 0.018546 0] 66.46834| 33.53166| 35.51258
21.501 784 0 0 0| 0.400345| 0.01719 0| 33.74297] 66.25703| 45.33691
22.584 785 0 0 0f 0.903797] 0.016694 0 49.667 50.333| 26.71382
23.001 786 0 0 0f 0.919418] 0.014021 0] 45.60375| 54.39625| 33.68347
24.083 787 0 0 0| 0.126751| 0.617346 0] 23.36031{ 76.63969| 81.02715
25.084 788 0 0 0] 0.969772| 0.580833 0] 52.13056| 47.86944| 34.87447
25.421 789| 380.1667| 243.4996| 136.6671]| 0.980188| 1.058015 0] 45.91183( 54.08817| 29.38951
25.584 790| 2273.62| 1262.801| 1010.819| 0.947738| 0.812235| 1.632944| 44.57765| 53.78941| 26.45905
25.751 791| 1799.524| 1012.336| 787.1884| 0.982421| 1.407874| 0.86372| 41.28203| 57.85425| 33.26159
26.583 792| 3438.138| 2716.698 721.44| 0.062448| 3.178854( 0.048873| 22.43019| 77.52094| 95.21848
27.583 793| 70.34013| 60.86506| 9.475074| 0.836143| 0.38013 0] 47.18329| 52.81671| 46.53067
29.083 794| 2.658905| 2.658905 0} 0.711997| 0.053759 0] 31.13533| 68.86467| 46.67922
29.584 795 0 0 0] 0.831589| 0.038064 0] 32.5401| 67.4599| 44.47287
30.084 796| 2.170231| 2.170231 0] 0.818935| 0.059075 0] 31.10793| 68.89207| 44.46144
30.584 797 0 0 0| 0.836826| 0.044597 0] 38.60975| 61.39025| 37.72243
30.834 798 0 0 0} 0.85822| 0.031793 0] 38.19035| 61.80965( 43.86665
15.583 799 0 0 0] 0.862892| 0.009024 0] 41.54248| 58.45752| 33.04783
18.084 800| 275.6477| 220.4276]| 55.2201| 0.894487| 0.009355 0] 46.28951| 53.71049| 31.15811
18.584 801| 8072.992 5034| 3038.992| 0.884316] 0.007053| 3.233243| 37.08523| 59.68153| 43.68935
18.834 802| 5207.708| 3271.573] 1936.135| 0.901602| 0.00908| 3.870299| 48.44232| 47.68739| 28.7202
19.083 803| 2794.784| 1814.892| 979.8926| 0.870618| 0.014117| 1.395131 31.65011| 66.95476| 35.2691
19.668 804| 3089.685( 2009.095| 1080.591| 0.927566| 0.022447| 2.432784{ 33.15063| 64.41659| 26.069507
20.001 805( 3219.242 2075.52| 1143.722| 0.934197| 0.055794| 2.684887| 41.2124| 56.10271| 25.12104
20.334 806| 7421.351| 4646.444| 2774.907| 0.915342| 0.198128| 4.368952| 63.1993( 32.43175| 34.41637
20.501 807] 1078.364| 779.1844| 299.1799| 0.889035{ 0.179942| 0.339406| 32.2603| 67.40029| 36.08041
21.583 808[ 1136.174| 988.1589| 148.0154| 0.272457| 0.714346| 0.108607| 23.54318( 76.34822| 65.99015
21.834 809| 63.47576| 58.75044| 4.725317| 0.843761| 0.107547 0] 37.55878| 62.44122| 34.39179
22.001 810 0 0 0| 0.930991| 0.150494 0] 44.04193| 55.95807| 29.71304
22.168 811| 2.974668| 2.974668 0 0.908179| 0.183495 0f 38.62412| 61.37588| 30.08271
22.301 812| 3.096084| 3.096084 0f 0.937342] 0.111177 0] 41.59863| 58.40137| 27.22112
14.583 813 0 0 0f 0.977692| 0.012115 0| 84.62252| 15.37748| 37.5793
15.418 814 0 0 0f 1.015302} 0.010226 0| 75.19644 24.80356| 21.19183
15.668 815 0 0 0f 0.993608| 0.005884 0] 66.28868| 33.71132| 30.95681
16.168 816 0 0 0| 0.969649( 0.012799 0| 76.4587| 23.5413| 32.5237
19.583 817| 1877.99] 1036.794| 841.1961| 0.778374| 0.018916| 0.639083 34.551| 64.80992| 41.66514
19.751 818| 2843.849] 1567.253| 1276.595| 0.891252| 0.025278 1.4121] 71.76731| 26.82059| 35.47636
19.918 819| 194.3823| 168.6536| 25.72867| 0.354537| 0.023644 0| 51.1625| 48.8375| 25.41203
20.084 820] 202.2775| 154.252| 48.02557| 0.922396| 0.036097 0] 43.58241| 56.41759| 24.9033
20.501 821| 15.79083] 13.20978| 2.581048| 0.937446] 0.03686 0] 38.46404| 61.53596| 26.13785
20.834 822| 3.526355| 3.526355 0f 0.917053| 0.043916 0] 52.95512 47.04488| 29.22328
21.083 823 0 0 0f 0.939529] 0.028045 0} 45.03515( 54.96485| 26.78044
18.001 824| 1.784098| 1.784098 0| 0.912568| 0.011467 0] 49.42605| 50.57395| 39.30305
18.584 825] 681.0831| 403.7702] 277.3129| 0.93015{ 0.017299{ 0.167755| 52.82247| 47.00978| 26.33888
18.751 826| 543.5941| 316.065| 227.5291| 0.995381| 0.008206| 0.134246
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REDOX TECH, LLC

"Providing Innovative In Situ Soil and Groundwater Treatment"

DATA PACKAGE TRC WAUSAU, WI WAULECO

1) TOTAL OXIDANT DEMAND (TOD) SAMPLE ANALYSIS

Samples prepared: August 19, 2019
Samples titrated:  September 8, 2019

Oxidant: Sodium Persulfate

Sample Dose (g/Kg) Total (()g?;li(dgagt)i[l))emand
MO4-775E 30 16.9
MO4-775E 60 755
MOS5-792 30 10.6
MOS5-792 60 18.7
MO6-806 30 143
MO6-806 60 192

Control 30 g/L 26.3%

Control 60 g/L 47 4%

*Measured control

Pre- and Post-Treatment laboratory analyses for these samples are provided in Appendix A
and Appendix B, respectively.

200 QUADE DRIVE, CARY NC 27513 TEL (919) 678-0140 FAX (919) 678-0150
WWW.REDOX-TECH.COM



TRC - Wauleco
Page 2 of 3

2) TOTAL OXIDANT DEMAND (TOD) SAMPLE ANALYSIS

Samples prepared: September 29, 2019
Samples titrated:  October 10, 2019

Oxidant: Sodium Persulfate

Sample Dose (g/Kg) Total (();Ii(dgarsltmfl);mand
MO0130 30 6.8

MO0160 60 123

MO0730 30 6.3

MO0760 60 13.4

Control 30 g/L 29.2*

Control 60 g/L 54.1%

*Measured control

Pre- and Post-Treatment laboratory analyses for these samples are provided in Appendix C
and Appendix D, respectively.

For any additional questions on this data package, please contact me.

oe Rossabi, Ph.D., P.E.
Redox Tech, LLC

200 Quade Drive

Cary, NC 27513
919-678-0140
919-678-0150 fax

Redox Tech, LLC



siseg yBlapa AiQ e uo papodas a1am STH/DOT/AQT/SINS3: ajdwes abpnisauawIpas/|ios ‘Aenued ay) 0} pajels Ajleayinads ssajun

aosZzevd3a  APT  +0'SL 6L02/22/80  OE'€l 610Z/0Z/80 L 0Z'0 8500 Byy/Bu 2550 Jousydoiojyoejuad
GL08Vd3 Zrv €051 6L0Z/22/80  OE€L 610Z/0Z/80 L [oT4 ¥L Byy/Bu vi> sidg [esouI S Hd L
sjinsay oiuebio
18-v/62AQ WLSY WWE 1Z¥l 610Z/LZ/80 L 10 10 % LEL BINJSION Jusiad
sjInsay osiuebiou|

auwi] fajeq aul] jajeq
poulain  ishleuy  sisfjeuy daig Jayenp  uonn|ig DOo1 aol spun unsay ahjeuy
00ZL 6102/61/80 :pajdwes 3dd-S0N :uonduosaqg sidwes  ggesle #eidwes gyl 1D
aosZz8vda APT  S€'9L 6L0Z/22/80 O£l 6L0Z/0Z/30 G 860 62°0 By/Bw €0l Jouaydoiojyoejuad
SL08Vvda Zrvy L9l 6102/22/80  0E£:€) 6102/02/80 3 sz ¥ By/Buw F4:72 Spdg [eIBUIN SB Hd L
sjinsay sebio
[8-v/62A WLSY WWG LZ'¥L 6L02/1Z/80 L L0 10 % vl 2UNISION U3
s)nsay siuebiou

awi] jeeq awi] ja3eq
poylan  1sAjeuy  sishjeuy daig Jayenp  uonnpQ 0o1 aol spun Jnsay ahjeuy

0021 6102/61/80 :paldwes

Idd-#0W :uonduosaq sjdwes

ggeLLe #oldwes gy 1D

61L02/€2/80 8leq juuday
6102/02/80 -PaAI909y aleq
610z/£2/80 @1eQ poday

009D 935 :aumesadwa | [BALLY

¢ jo | abey

EL¥BEL # 19pJQ 9seyoind

ccriyl #J9plo4

0000200026568 # 103loid

66ET # 10ejUOD
:aseyd 1aloig

S30IAY3S NOILYIAQ3WIY 6L0Z “ONI 023 INVM aweN 108foid

WOoD'Sa1i01vioqeId> MMM & 09/LZ-95SE-809

E16E£S IM ‘ooqeaeg « 1D 26ue] QEZ 1 » D11 s2a01BIOgE] 1D

Syvass Guneny (g gy -

140d3Y TVIILATVYNY

LLLES IM 'NOSIAVYIN
TIVHL ANVILYVY3H 804

NNIND N3A
IVLININNOYHIANT Ddl

oy T



siseg blepn g e uo papodal a1am ST/DOT/A0V/SINSas 2|dwes abpnjspuswipas)ios ‘ABuod ay) 0] pajels Alleoyoads ssajun

aoig8vd3a  ACT LL'9L 6L02/22/80 O£'€L 6L0Z/02/80 S G6'0 8¢'0 Bx/Bw LA louaydolojyaejuag

Gl08VYd3 Zrvy L€6L 6L02/22/30 0€€L 6102/02/80 L 24 gL By/6w 658 Sjudg [esauly se Hdl

sjnsay s1uebliQ

L8-¥/6ZQAWLSY WWE LZ¥L 6L02/12/80 L L0 10 % L'z AUNISIOW JusoIad
sjinsay siuebiou|
awi/aeq awi1/aeq
Poulen  isAjleuy  sisfjeuy daig Jaenp  uonnpg Do1 aol spun Hnsay ahjeuy
00Z1 6L02/61/80 :pajdwes 3dd-90W :uondudsaq sidwes  sge/Le #9ldwes gy 19
19seuyd psloid ; B i ¢ i , .
€40 ¢ abed 0000°8000° 265684 13l2d

vyl # Japlo4 NOILYIJINIH 6102 “DNI 00T TNVAA :dweN joaloid
66EZ # oejuo) TVLINIWNOYIANT DHL




Z000610202V dl uonendns ad3 vo

L0'908€ V12Y dv13-aed

1L0'908€ # H2D Y12V S002-620.LL DI/OSI
¥¥E #Q1 ge puejliepy

€0209Y #d| qe7 dv 13N euibip

89£0L-3 #AI 9&71 dV13N sesuey

£2000Z #d1 9e1 dv13N stoul)||

Z00061L0Z00V #4d| (Aewud) 4y 13N BUEISINGT
692 #04| ABojousioeg (dD1va) UISUCOSIA

0E0S90LS L #Q1 AnsIWwayD (HNGM) UISUCOSIAA
suoneIyIUeY SIALIoJRIOqET |9 Jualing

09.2-95£-809
Jabeue 1oaloid

SUBWAZS "N Baig :Aq pepiwgng
‘Payoeye st Apoisng Jo uleyD syl “Aiojeioqe] iyl Jo [eacsdde ushum Jnoyym ‘ing ul 1daoxa ‘paonpoidas aq
jou jjeys Lodal iy "palsa) sajdwes auy o} Auo ajejel papodas syNsal 8y pajou asIMIBY}0 ssajun pansasald Apadold pue 1oejul PaAIadal alam sa|dwes |y
‘Sjunowe plepuejs 0} pasedwod se awnjoA / Jyblam ajdwes ay) ul sasuasayip Aue
0s[e pue uonn|ip 12ay2J o} pajsnipe are SPOTQOT Iy “(uoneypuenb Jo ) DO 24} pue (UoHdB1EP JO Y aO7 3y} usamiaq ul enjen e sajedlpu| , SIJON
:9seyd osloig
€ o ¢ sbed oooo.mooo.hmmmmwgﬂnm_m

Zevivl # Jeplod
66£Z # j0equod

NOILYIQIWIA 6102 :ONI O3 TINVYM BueN josfoig
IVINSWNOYIANT Dd1

i




REDOX TECH, LLC

"Providing Innovative In Situ Soil aind Grouneweater Treatment™

ue*

a

CHAIN ¢

2(] Company: TRC ENVIRONMENTA

e PR EE LY ]
R AR KOO R

o KRR
e ok R R K

147422

Felder #:

1

Phor Project: ' WAULECO
* Logged By:  JRB PM: BM p—
o = T S I |
Company Name e\ﬂj Ox )E,CA- LLC Project Name %J/M T‘QC i - _.ter
address 200 Q ./ﬂb[e D/T'JE } -~ -\? WW-Wasla Waler
iy Cary s ME 2p 27513 Isampiing Location : SH \2‘ % SW-Surface Water
y Sy o
Project Cantacl S oftethh ;&V‘J ‘If er Tumnaround Time q s S 50-Soit
Phone # "f[‘i é } 3 P{"! 6"’{ Conlaminants of Concern ....’_" [ é
lemali address 5 ()VWYE/(@MQX = Idf«{"-' Corn <?— |'t 2
samplos ame_Jpathan  Hnger a | E|w
Colleclion Callection i of bolles &L é
Field ID Date Time Matrix # of bottles |preserved presarvative Comments
MOH~ Pre %/14/4]1200 So \ VR | tone ls | ow 2171%5S
M0 5- Peg §/0/5] \2oo | So I Ma | pone |X [ [ r 3%
06-Pre 8ffg | (oo | <q 2 Vb | rore | > | < | x 27 257
*
Sample unpacked by: " : tim 1 I o~ Comments: = ’ gl 1 5
Sample received in good condnionﬁa oN [I'C [l eloif A K22/ Yup W FJo T
If no, explain: 2.od . ' F e s -
Relinquished by: M S ncn gt ) DaterTime: | 2216 ¥7Y4/[15
Received by: M

DateTime: §|Z81(4 AL

=




siseg JyBiopn Aig e uo papodal a1am $TH/OOT/QO/SHNSa! 9jdwes abipnispuawipas/ios ‘Alesjuoa ay) o] pajels Ajleoloads ssajun

sjinsay auebip

L8-¥/.62A NLSY WNING €L#L 610Z/8L/60 3 10 10 % 6°9¢€ INISIO jusdlad
00008 Vd3 WING €LvlL 6102/81/60 3 L0 10 % 1'€9 jusouad ‘spljos
sjinsay oluebiou|

auwl] /ayeq awl | fayeq
poulan  ishleuy  sisAeuy daug Jayllenp  uonnpig Dol aol spun unsay ajhjeuy

00%L 610Z/80/60 :pajdwes 09v0W -uonduoseQ sjdwes  gzlgze #oldwes gy 1D

aoLggvda  Arr  €£L0 6102/02/60 0€:ZL 610Z/2L/60 A l €20 8900 Bt/ £9°9 louaydo.ojysejuag

Sl08Vd3I Zrv L¥EL 6L02/€Z/60 0LZL 6102/8L/60 3 6¢ 98 BB I[44 spuds |essuin se Hd L

sjinsay awebip

L8-v/6ZANLSY INING €Ll 610Z/3L/60 b L'0 L0 % L'S¢ ainjsiop juadiad
00008 vd3 WWE <€lvl 6L0Z/81/60 I 0] 10 % €L 1udiad ‘spljog
s}INsay oluebiou|

auwi] jajeq awijajeq
poylsn  3Ishleuy  sishjeuy daug Jayileny  uonnug vo1 aon sjun unsay ajfjleuy

00%L 6102/80/60 :pajdweg 0EvOW :uondiossq sidwes  ZLLgze #oldwes gy 1D

€LY6EL # J9pIQ aseyoind

6L0Z/72/60  -eleq juudey SY6.¥L # 18piog
510Z/01/60 :paN229y 3jeq 0000°8000° 265681 '# 108loid €162 DN ‘AYVYD
6102/72/60 :@1eq Woday BBEZ # JoBHUOD Hd IavNO 00z

L'¢ :2injeladwa] (ALY :eseyd paloig HIAMYS NVHLYNOP

¥ 40 | abed S3DIAYIS NOLLYIAIWTA 6102 :ONI 02T TNYA Swen psloid OTTHO3L X0d3d

180d3¥ TVIILATVNY

LUS6 Gapsay pey vy ooy Y M

WOD'S3II01BIOGR[ID MMM © 09LZ-9SE-809 B

EL16ES IM ‘ooqeaeg 1D 2BUET] QEZ 1 « D1 S=1i01ei0qe] 1D




siseg Wbiepn Aug e uo papodal alem STH/OOT/AOT/SINsal s|dwes abpn|spuswipas/|os ‘Aueljuod ay) o} pajels Ajleayvads ssajun

a0lzgvda APT 6220 6102/0Z/60  0L:ZL 610Z/8L/60 A L 020 8500 By/Buw 850°0> louaydoiojyoejuad
Gl08vYd3a Zry 626L 6L02/€2/60 0£:ZL 6102/8L/60 L °r4 vL By/BLu 9y sjuIds [essuI SE Hd L
s}Insay auebip
48-¥/62A NLSY WWNE €Ll 6102/81/60 b L0 10 % 251 2UNISION JuaIad
00008 Vd3 WWNE €Lzl 610Z/8L/60 L 10 10 % T8 Jus0Iad 'spijog
s)insay suebiouy|
awiljaeq awija3eq
Poyle  IshAleuy sishleuy daig Jayenp  uonnug DOo1 aon spuun jnsey ajhjeuy
00t} 6102/80/60 :pajdwes 0950 :uonduoseq aidwes  HzlLszE #o|dwes gy LD
aoleg¥d3 ArT  0L:20 6L0OZ/02/60 02l 6102/81L/60 A l €20 6900 Byy/B 690°0> Jousydouojyorjuad
S108Vda Zrvy SSvL 61L02/€2/60 0€:Z1L 6L02/8L/60 L 62 88 By/Buw 8'0L sjudg |essuily se Hd 1L
synsay owebip
18-¥/620 INLSY WG EL¥L 6102/81/60 l L0 L0 % 1 4:14 alnsio jusoiad
00008 Vd3 WG  €Li¥lL 610Z/81/60 1 L0 L0 % 9LL jus0Jad ‘spljog
s}insay oiuebiou)
aw]/aeq awi ) /aeq
poylsn  ishjeuy  sishjeuy daid Jsylenp  uonnjig Do1 aon sjun unsay ajfjeuy
00¥1 6102/80/60 :pajdwes 0ESOW :uonduosaq sjdwes  ¢z1sze goldwes gy 10
aoleg vdd  AMT 2810 6102/02/60  0€:Z) 6L0Z/8L/60 A L 9z0 2200 B3/6w oL9 |ouaydouojysejuag
Glo8vda Zrv Levl 6L0Z/€Z/60  0£:ZL 61L02/8L/60 L €€ 66 Bi/Bu 065 sjuldg |eJouIN Se Hd L
awl] /ayeq awl ] /areq
poutsiy  3iskleuy  sishjeuy daid Jayilenp  uonnpg 0o1 aol spun ynsay s)hjeuy
00¥1 6102/80/60 :pajdwesg 0970 -uondussaqg sjdwes zzigze #o/dwes gyl 1D
:aseyd 108loig —
¥ Jo g abey

S¥6.4¥L -#19pj0o4
66€Z '#10BjuU0D

F&1 1

071 HO31 X043y

0000200026568 pilpid S s e L I | ENDE DY B sy
NOILYIA3INIY 6102 :INI ODF NV SweN 109loid ) /M.,% w w _ N_ O '_. E N_ O m @ .~ ;— u



siseq 1yBiapn Aig e uo papodal a1em STY/O0 /A0 T/SINSa) adwes abpn|sauswipasy|ios ‘A1enuod ay; o} pajels Ajleoyoads ssajun

aoize v¥da AT 90:€0 6L0Z/0Z/60 0£:ZL 610Z/8L/60 A L ¥Z'0 LL00 BB prAll Jouaydouojyoejuad
SL08Yd3 ZrvY €9l 6L0Z/SZ/E0  0£:Z) 61.02/81/60 L 0s 6'8 BB vel SjuIdS |essuIy SB Hd L
sj|insay 2webliQ
18-7/62A WLSY WING €Livl 6L02/81/60 L 10 10 % 862 alnjsiop Jusdiad
00008 Vd3 WING  €LivL 6L02/8L/60 L 10 10 % ToL jusolad ‘spios
s}insay a1uebiou|
awi1/a5eq swi]/e1eq

poylsn  Isfleuy  sisfjeuy daig Jayllenp  uonnpg DO1 aol sjuun Jnsay ajhjleuy

00¥l 6L02/80/60 :pajdwes 0990W :uonduosaq aldwes 9zisze #o|dwes gy 19
aoZze vd3  AfT  L¥Z0 6102/02/60 0£:ZL 6L0Z/81/60 A L 6L0 1500 Bx/Buw ogL |ouaydoiojyoeluad
GLO8vYd3l Zrvy 209l 6L02/£Z/60 0CZL 610Z/8L/60 L sz vl Bx/Buw €0l shudg [essuly se Hd L
s3INsay oiuebio

L8-¥/6ZANLSY WNE SL¥L 6L02/81/60 I 10 10 % 8€lL 21n]sIOp U819y
00008 ¥d3 WING  €L¥L 6102/81/60 | L0 10 % 98 uso1ad ‘splog
s}insay owuebiou]

awi]ayeq awl]/eleq
pPoysiy  1shjeuy sisAjeuy daig Jayilenp  uennjg ool aol sjHun Hnsay ahjeuy
00¥L 610Z/20/60 :psjdwes 0£90W :uonduoseq sjdwes  Gz|Gze #oidwes gy 1D
9SEUd «Um.—o._n_ SERANULD JIL LA
40 ¢ abed - _ :

S¥6.¥L # 19pjo4
66EC ‘# oenuod

0000'8000°L6568& PRI
NOILYIQ3WIY 6102 :ONI OOF TNV :eweN 13foid

OTTHO3L X0oa3yd

Jfﬁﬂmmw;




2000610200V QI uoneindis ad3 vo
L0'908¢€ VIZY dv13-aog

LO'908€ # HaD V12V §002-520.1 D3I/OSI
P¥€ #Q1 e puelluepy

€0209¥ #4| 9e7 dv 13N eubip

89¢01-3 #4| 97 dv 1IN Sesueyy

€2000Z #0| 9e1 v 13N stoul]|
Z000610Z09V #d| (Arewud) 4y 13N BUEISINOT
682 #Q| ABojousioeg (4D 1vQ) UISUODSIAN
0€0990.51 #a1 Ansiway) (INAM) UISUODISIAA
m:o_amot_tmu wm_._Oum._on.mn_ 1D u:mt:U

"JoW JOU SeM BLIaJLID uoneiqljed payioads

"S}iwi| 9duejdagoe apisino uoisioaid ajeaijdng/eesiday

abues uoneiqiies papalaxa ajhjeuy

‘wnuwiuiw weiboid mojeq sem paaladal Junowe 3jdwes

"@3uaJiapajul punolByoeq Xujew 1oy uonn|ip 1o Junowe ajdwes pajwi| 03 anp Jwir Buipoday Jo uonejueny pasiey
“Jiwi| UOHI23}BP MO[2Q SEM UOIJEIJUIIUOCD dA[RUY

"adnjesadwa) Jo uonensasald Jadoidun ypm paniasas ajdweg

"S399449 Xujew juaiedde o} anp sjwi| ssuejdasde apisino A1aAooas paepuels ajeboung
‘JHodal Jo pua Je aaneleN 298

‘sjiw| asueldadoe apisino sjdwes |oJjuon Aiojeloqe

'sisfjeue uoneuuyuod pue Aewud usamiaq 9,0 UBY) d10W s1ayip ajAjeue Jo uoneUaIUOY
‘uonajdap uabAxo gog a19|dwon

-uonejdap uabAxo gog juaidiynsu|

‘sjiu| asuejdasoe apisino Jaaosal ajeandng axidg xujepy 10/pue ayjids xujep

“mopuim d1ydeiBojewoly ayj apisino pajoajep alam syead esubis

"pouiad 3s8) Buunp syl asuejdasse apisino sem ainjeradwa) l0jeqnouj
‘Popaaoxa awn BuipjoH

"P9322319p 1]0D "3 pue Pajaalap WIo|o) [ejo] ‘ajesun

"P2329393p 110D 3 ou ‘pajdalap wioyijo) |ejo] ‘ajesun

“Pa3093ep wloyl|o) [ejo | ON ‘ajes

‘a|dwes goOg ui juasaid f191x0)
“jue|g poyle palersosse ayj ul pajoalap ajkleuy

Z

A

X

M

A

n

i B

S

3|

o]

d

(o]

N

N

1

‘anjeA pajewnysy r
I

H

9]

|

E]

nQ pamjia a
9]

a

uondidseg apoo

siaylenp 20

0942-95¢-809
sabeuep 1aloiy

S|eyHoy "1 oug ‘Ag paniwgng

Jou |jeys podas siyy

‘Payoeye s Apoisny Jo uleys ay ) -Alojeioge siy) 1o [eacidde USlUM Inoypm ‘[jn} ui ydeoxe ‘paonpoidal aq
pajss) sa|dwes ayj 0 Ajuo ajejas papodal synsal ay] "pajou 3sIMIBYI0 SSIUN pamuasald Aluadoid pue 1oBjul paniadal alem sajdwes |y

‘Sjunowe piepue)s 0} pasedwoo se swnjoA / 1yBiam ajdwes ayy ul ssousiayp Aue
Os|e pue uonn|ip Jos|31 0} pasnlpe ale sOOT/A0T IV “(UonewuEnb Jo Jwl) DO 8y} pue (uono33ep 40 JWi) AOT 2Ul USSMIB] Ul SNjBA B S3JEJIPU , ‘S9JON

¥ J0  abed
SYB.¥L # Jeplog
66£Z # 1VBNUOD

:aseyd yaloig . .

NOILYIGIW3A 6102 “ONI 023 TNV :dweN joslold

s o, wu _N_c : mN_ om_ cdh v

07T HO31 XOa3yd



TR

1's

s
Chia/ b \\Q\ \v Pwi] /8eg . \ ‘Aq paniaaay|
-~ F EIVE ] V.4 ‘Aq paysinbuijay
- \ m.me I i ‘ulejdxa "ou j|
\\.m, “._ “ _.m\ 7 a 3 m.\ JO N $\% %co:_t_._ou poob ur paaiaoal ajdwes

SUBWIWOY

:Aq paxoedun sjdweg

=4

) sX4

JBIRAA BORUNS-MS

IBIBA B1SEM-AMA

J1EMPUNOID-AMO

804] 8li0q pue poye

—

BUWI | punoJeuin |

wo) \J U‘nﬁ - K%QM gw 19BIUDD 123l0)g

uoneno bugdweg

SiElg

087 =

LW L

sSa1ppYy|

27L

2clSES 7 Y [ N RN DY GO
Sl S5C% Y * b3 ) oS | 99hY [4i1/48 9CI0W
helsez. < X X \ 7S | WhU[[i/A/% 0TSO
£s) Stz x A _ .\ ¥ SS | wpT [V g cop
CelSEE T ¥ il B \ 05 | °0mI [{/%o/b 09 Low
<ls & X 5 » { 0$ | ohl [42/p 0% hOlW
Sjuawiway QW mnu. aAflensasard mwwﬂwﬂ”ﬂ sa[oq jo # Xuen co_ﬁowﬂvw_. - mmmmm qi PRI
“r s QweN ssedwes
Jﬂl’ mwnv SsSaIppe [lews)|
< )
Aﬂ Oq I.NN (24 - u Q.\( Waduo) O S|UBUILIEIUOD rﬁm} MM“‘ @.—V ¥ suolg
105-08 18 <%
£ ,w.&
S
<.
)il BphpU]

(v v ] N\ \Jd\l\— aleN aloid

B i 7Y
-N\\W.\ﬁ. MOE sweN Auedwoy

pesanbey|

uopBuLOju| 8ol

uogeunoju) Bupiodexnue s

\D Bu O abeyd

E.xz.**s,.x*v:i*i**x*¥**x***x!**xr***!xi**x***lt*
3 2K K K .x****xx_._wx*x*%x*******r****xx&a*x**:x:*

Wd nd
Q2FTNVM  :sforg
VINANNOYIANA DYL :Aueduo )
SPOLYT  iuepoy

1**Kutx,‘vxv.Au.:t*{*u.:o:lI*v:!****X«****ll«**iy.***!**lli

0rL0-8.9-616 'suoyy

€L6/Z ON ‘feg
aALQ apend g0z

w41 JOLSND 40 NIVHD

W UUIDL | FZIDIPUIOL) PUD IO 1S 1] AAIDAGULUY BUipLao.d,y,

) D11 ‘HOA.L XOaay



siseg Wbiap g e uo papodal a1am sTH/OQ A0 /SINSa) ajdwes abpnjsauswipas|ios ‘Aeiuod ay) o) pajers Ajjeoyoads ssajun

aosz8vd3a NdY  +L6L 6L0Z/80/0L  00:Sl 6L0Z/¥0/0L L 0Z'0 6500 Bx/6w (5% 4 Jousydouojysejuad
SL08VvYd3 2ZrY 122k 6102/0L/0L  00'SL 6L0Z/70/0L 1 74 gL By/6w 44 sjudg [esduly Se Hd L
sjinsay osuebip
18-v/620 WLSY WWA 8E¥L 6L0Z/60/0L L 10 L0 % ) UNJSION JUS0IAd
sjnsay auebiou

awiLfaeq awinjjereq
poyspn  1shleuy  siskjeuy daig Jayen  uonnig DOo1 aol spun unsay ajhjeuy

00S1 6L02/92/60 :paldwesg IudL0W uondudsaq sidwes  ppepes #eldwes gy 10

a0szgvdal NdY SS'8L 6L0Z/30/0L  00'SL 61L02/+0/0L L 610 1500 By/Bw 0S50 |ouaydoiojyoejuad
Gl08Vvd3 Zrv ¥572L 6L0Z/0L/0L  00:SL 6L0Z/¥0/0L L ¥z « 2L By/Bw 9’5l sjuids [essulp SB Hd L
s)nsay s1uebip
18-¥/62Q WISY WG 8€¥L 6L0Z/60/0) L 10 10 % veEL aInjsiol Jusosad
sjnsay suebiou|

awil/aeq awi/e1eQg
poyley  ishleuy  sishjeuy daig Jayieny  uonnpQg Do1 aol suun Hunsay afjeuy

00§} 6102/92/60 :pajdwes IddION uondudsaq sidwes  Legree #edwes gy 1D

€LP6EL # JopIO Sseydnd

6102/7L/0L 9leq Juuday E€Lv8Y L # 19plo4

6102/10/01L ‘panIzOsy 8ied 0000'3000°26G681 “# }oaloid

LLLES IM 'NOSIAYIN
6L02/LL/0L 8leq Loday

BBET # 10BJUOD TIVEL ANYILYYIH 802
¥'G :ainesadwa | [eally ‘aseyd waloly NNIND NIM
240 | abed S3ADIAEIS NOLLYIAINTY 6102 :ONI OOTINVM BweN 103loid

TVLINIANOHIANT DL

1H40d34 TVOILATVNY

WOD'S3II0IBIOQE|ID MMM & 09/LZ-9SE-809 e

e s ZiLd LRDIIALIED A :.,..‘.Q 4 21 ;o@D Bl s el
5314010840981 1)
E16ES IM ‘coqeaeg e 1D 26ue] QEZ L » D1 sd101BIOgE] 1D //M/

T R EX.



2000610202V d| uoeindns ad3 vo
L0'908¢ V12V dv13-aed

10°'908¢€ # H2D V12V §002-520. 1 D31/OS!
vre #Q| qe puelliep

£0Z09% #Q1 927 dv13N eubia

89€01-3 #0| 987 dV13N Sesuey

€20002 #al 987 dv13N stoul|j|
2000610220V #al (Arewud) 4y 13N eueisino
682 #QI ABojousioeg (40 1va) uISucdsIpy
0£0990.5 1 #AI Alsiway)d (YNAM) UISUODSIAA
suonedlyIa) sauoleloqe 19 Juanny

09/2-95£-809
18bBeueypy 109floid

BsuewAzs W naIg :Aq papiwgng

"Paydene s1 Apojsng Jo ureyD syl “Aiojesoge| siy) jo [eacidde usyum noyym ‘[ iny ul 1dsoxa ‘paonpoudal aq
jou jleys Hodas sy -pajsa) sajdwies ay) 0} Ajuo s1eja) papodal SINSaJ Ay "pajou asimBYI0 Ssajun pansasald Apadoud pue Joejur panisoas asom sajdwes |y

"SJUNowe piepuels o} pasedwoo se awnjoA / yBiem sjdwes ay) ur ssouseyIp Aue

OS[e puE uonn|ip 10331 0} pasnipe ale SHOAOT IV “(UoKEUEND Jo NI VO BU3 PUB (UORIBISP 10 JW) O BU) USSMISG UI BNBA & S9jeolpul , SSION

Z jo z abeyd
€L¥8¥L # Jop|o4
66EZ # 10BJUOD

:9seyd 109loid

0000°8000°L65684 41alRyd

NOILYIQ3WIH 6102 -DNI ODTTNVAA ‘8wen joaloid
ITVLINIWNOHIANIS OdL

\



XX AX
cf oon bififal
ofr S

(st )56 2% Fve e W

[hI{ Bl fgeuiseg

g s = :Aq paaaooy
V\\\W N.\W o jseq (uonv.,w komﬁud\ - :AgQ peysinbuiay|
L I L= ejdxe "ou §
N 10 A LUOHPUOD POOD Ut PDAIBDAI BldweS)
ISIUBUILOY Aq payoedun a|CWES
NG She 2 | 2 | = __ 7 as | o031 Vb 2 d L O
T3 - I ~— | T | 05| oodl| 7t/p 29I TIW
ﬁcﬁ::_oo Mp FANBARSd panasasd] samoq jo # XERN auwny ;eq Qi p1aid
lAM SANOG Jo # UOUDDOD | uCnIBoD
3 n_wi.ﬂ N “x PEY P gld\m\)u)\on owoN siaswes|
S e B . SR Lt i e i
~
LIADUDD) §O SILDWLARUOTY B BUDUL
195-08 M JMJN m \w\*\\*ﬂ Q UQ SNt PUNCIRWIN h 38 YT ITRILNTY D900
g N w.m .,# ! ) 52 .%. C.\Jxa h.r
SICRN FIVENG-MNG] - UoHED0T Duikiueg MMW&M.N &7 \M ._Tkn(vu )
SRR AN -2 .n\ IJ 3p>"0 gap T
IABNDUNTIT PO 7 OU U\ N~o \.\w SWEN 130K \vJ\n. %Q\mu. ') 3 SUTN AUC 00|
§G§_ BOAL G10G PUR POGING BDRRL) STHATEY PAISORDvY

UOGBLIO] 312950 e

WOIPULGN] DusrodatAUD)

I

Ew

abey

CVrQ.whm.m L6 ‘Puoyy
€152 ON ‘Aep

llllllllllllllllllllllllllllllllllllllllllll

GITTIVAY  ostogy

VINAINNOMIANT ML Sushias o
tLERE = AR

::::::::::::::::::::::::::::::::::::::::::::

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

WAUPLEDOL | DDLU OA ) [T JION TG U] DSNIDAGUL] SHIPIAOL ],

) D11 ‘HOAL XOaad



siseg 1uBlap L1Q e uo papodal a1em STHOO A0 I/SHNSas ajdwes abpnisguawipas/|ios ‘Alenucd ay) o} pajels Ajleayoads ssajun

a0Lz8Vdal NdY 0Z:i€lL 6L0Z/LLOL  SHEL 6LOZ/FLIOL L 0z0 6500 Byy/Buu 650°0> lousydoJojyoejuad
Gl08vd3 ZrvY SSi€0 6L0Z/6L/0L  SHEL 6L0Z/PLIOL L 9z 6L Byy/Bw €52 syuIds |elauly se Hd 1
s}jinsay sebio
18-¥/62Q WLSY WIS 9S%L 6L0Z/60/0L L L0 1'0 % €61 SuNjSIoN usvled
sjinsay siuebiou|
awl] /ayeq aw] /ereq
pPoylan  isfjeuy  sishjeuy daug Jayienp  uonnpig Dol aon suun unsay ajhjeuy
0051 6102/70/0L :pajdwes 091L0W :uonduosaq sidwes gg9see #eldwes gy 1D
40428 Vd3 NdY 6512l 6L0Z/LL/I0L  S¥EL 6L0Z/PLIOL W L 0z0 0900 Byy/Bw 0900~ Jousydoiojysead
GL08vd3 ZrY SE€50 6L0Z/6L/0L  SHEL 6L0Z/FLI0L L 9z 08 Byy/Bu 199 syuds [BIBUIN SB Hd L
s}insay siuebip
187,620 NLSY WWNS 95vl 6L02/60/0L L 10 L0 % S6L [UNJsIop 1UsId
sy nsay suebiou|
owi1/3eq aull]jareq
Poylen  1shleuy  sishjeuy daig Jeyilenp  uonn|g DO1 aol spun }nsay alhjeuy
00SL 6L0Z/70/0L :pajdwes 0ELOW :uonduosaq sjdwes  L9g/e€ #oldwes gy 1D
€LPBEL # JOpIO aseyoind
61L02/0€/0L ‘9leq juuday

6102/80/01 ‘peniadey ajeq

6102Z/0€/01 :31eq Hoday
6'Z :aameladws | |eALy

¥ jo | abed

¢L98%L ‘# 19p|o4
0000°8000° 26568 # 103loid

66E¢ # 1oB)NUOD

S3DINGIS NOILYIAINIY 610Z :aseyd joslold

WOD S3II0IRIOGBIDI MMM & 09LZ-9SE-809

E£16£S IM ‘0coqgrearyg = 1) 3bue] O£z » D77 sa1101vIOogET D

023NV Bwep pslold

1H40d34 TVOILATVNY

T\ on\ o/

1y [ty gy

LLLES IM 'NOSIavYIN
VL ANVILYYIH 802

NNIND NI
IVINIAWNOYIANT DdL

7

\.\hno%



siseg Jybisp AQ & uo panodas a1em STY/OOTAOV/SHNSa! ajdwes abpnispuswipas/lios ‘AIJU0D 3y} 0} pajels Ajleonads ssajun

aolzg vda NdY 8 6L 6LOZ/SLIOL  OLbl 61L02/LL/OL L LL Bn 6¢ jousydolojyoejuag
Gl08vdd Zrvy GO:0L 6L0Z/3L/0L  O0O0:EL 6L0Z/LLIOL L ot /bn oeL> SIS [espuIn S8 Hd L
s} nsay osuebipo

auwll] fa1eq awi | /ayeq
PouyleN  ishjeuy  sisfjeuy daigd Jayilenp  uonnug Dol siun nnsoy afjeuy
00S1 6102/%0/0L :pajdweg MOELON :uondussaq sjdwes  gggsee wadwes gy 1D
aoleg vda NdY  00:%L 6L0Z/LLI0L  SHEL 6L0Z/FL/OL L 0Z0 Boy/Bu LS0°0> lousydouojyoejuag
Sl08Yd3 Zrv L0:S0 6L02/6L/0L  SHEL 6L0Z/FLI0L L 74 By/Bw €26 siuds [esduiy Se Hd L
sjinsay auebipn
L8-7.620 NLSY WWNE 95l 6L0Z/60/01 } L'0 % L'EL aIMsIop Jusniad
sjinsay siuebiou]

awi] jajeq auwl] jayeq
poylsin  ishjeuy  sishjeuy daig Jsyienp  uonnpg Do1 sjun Hnsay ajfjeuy
00§t 610Z/70/0L :pajdwes 09L0N ‘uonduosaq sjdwes  $99/£€ #oidwes gyl 1D
aoLze vdl NdY Ov:EL BLOZ/LLIOL  SHEL 6LOZFLIOL L 0z'0 Byy/Bu 850°0> louaydouojyoejuay
SL08VYda 2ZrY 820 6L0Z/6L/0L  SHEL BLOZ/WLIOL L 4 BB £'58 Sludg |esouiy B HdL
s}nsay suebio
L8-¥/62A NLSY WINS 9SFL 6L0Z/60/0L L L0 % 591 QIMISION JusdIag
synsay suebiou|

awil/aeq awi]/33eq
poulan  1shjeuy  siskjeuy daig Jaynenp  uonnpg Dol spun nnsay ajfjeuy

0051 6102/%0/0L

‘padwes

0E€L0WN :uondusseq ajdwes

£99/€€ Hadwes gy 1D

110 Z obedq
C.L98¥| ‘#19pjo4
66£T # JoenuUOD

S3DINYIS NOILYIA3WIY 6102 :aseyd 1oaloid
0000°8000° 265681 ‘# j09loid

023NV Bwen josloid

TVLINIWNOYIANT DHL



siseg WBiopm AQ & uo papodal aiam STH/OO A0 T/SINSa aidwes abpnisauawipas/ios *AIBRUOD U} 0} pajels TR S,

Q0Lz8 ¥da NdY 6€ZL 6L0Z/SLOL  O£¥L 6LOZ/LL/OL 0z (o]] {54 7/6n ogg jouaydosojyoejuad
GL08VYd3 ZrY S¥LL 6L0Z/8L/0L  00:€L 6LOZ/LL/OL oL 0ott 00ct 7/6n 00056 Sidg [essully Se Hd L
sjnsay auebip
awii/aeq awil/aeq
PoyldN  i1sfjeuy  sisAjeuy daig Jayenp  uonnjig ool aol spun ynsay alhjeuy
0051 6L0Z/¥0/0) :pajdwes MO9L0N :uondussaqg ajdwes  ggg/ee #aldwes gy 1D
aolze vd3 N  0Z:ZL 6L0Z/SLIOL 0S¥l 6L0Z/LL/OL o0z 051 {537 /6n oL8 Jouaydoiojyoeiuad
GL08vYd3 ZrY  LLLL 6L02/8L/0L  00:€L 6L0Z/LL/OL oL 009% oorl 7/6n 00006 siuds |esduiy se Hd L
s}jinsay ouebip
auwll] jajeq awli] foyeq
PoulaN  isAjeuy  sisfjeuy daig Jeylleny  uonnpQg DOo1 aon spun unsay afjeuy
0051 6102/70/0L :pajdwes MOELOW ‘uonduossq ajdwes  s99/ce #oldwes gy 19
aolzg vd3 NdY  20:9) 6L0Z/SL/0L  OS¥L 6LOZ/LL/OL L 29 0z /6N 44 jouaydoiojyorjuay
GL08Vd3 Zrvy gei0L 6L0Z/8L/IOL  00:EL 6LOZ/LL/OL L 09% orlL /Bn ovL> siuds |essuiy s Hd L
sjinsay o1uebig
awi/aeq awi/P1eQq
poylan  ishjeuy  sisfleuy daig Jeynenp  uonnpg DOo1 aon spun unsay afjeuy
00S1 61L02/¥0/01 :pajdwes MO9LOW :uondudsaq sjdwes  9gg/ee #aidwes gy 19
S3IDINYG3S NOILVYIAINTH 6102 :8seyd 10aloig
¥ jo ¢ abey 0000°'8000°26G68 # Josloid

CL98¥%| H#t 19pjo4
B66E2 # Pejuo)

023NV :dwen 129lold
IVINIWNOYIANT Dd1

hy



“JOW JOoU SBMm BLISJID UoReIqleD payoads

"sjwi aouejdasae apisyno uoisivad sjesijdngreiesidey

abues uoneiqied papasoxs ajfjeuy

‘wnuiuiw wesBold mojaq sem paatadas Junowe ajdwesg

"@2uaiapalul punoiByoeq XxujewWw 10} uolNIP 10 Junowe sjdwes pajiig 03 anp yun Buioday Jo uoneueny pasiey
“HWl] UCIID3JBP MO SEM UOIJRIJUIDIUOD AJAlBUY

rainjesadway 1o uoneasasaid sadosdwn ypm paaiasas adweg

"$}08y0 xujew Juasedde 03 anp spwi) asueidasoe apisino A1aA023s piepuels aebosing
"HodaJ jo pua je aAneulepN 225

‘spwi| 22ueldasoe apisino sjdwes josjuon Kiojesoqe]

'sisAjeue uonewyuod pue Aewud usemiaq %0 uey) alow siayip a3f|eue Jo uoneUSIUOD
‘uonejdap uabAixo gog a391dwon

‘uonejdap uabAxo gog juaioynsu

Z000610Z22V dl uonendys ad3 vo “sjw| soueydadde apisino Kieaodal aleandng axidg xuiep Jo/pue ayids xule

10°908€ V12V dv13-gog "mopuim 21ydesBojewoys ay1 spisino pajaslap aiem syead Juesiubis

10°908¢ # M3D V12V S002-520.1 DII/OSI anjeA pajewn}sgy

¥YE #Q1 ge puejiiepy "pouad 159} Buunp sywi asuejdasoe apisino sem ainjesadway Jojeqnou|

02097 #4I 987 dV13N BIubIA "Papegoxe sugy.Bumpiol

89¢€0L-3 #QI 9B dVv 13N sesuey ‘Pa12339p 110D "3 PUE PaJIRJAP WIOH|OD [el0] ‘ajesun

£2000Z #QI 987 dV13N stou PRESER IS g ol pasien uMONHIOT WL, ARSIy

2000610229V #al (Aewud) Jy13N eueisinod PRI IRCLA iss

INQ painjiq

-ajdwes gog ui Juasaid Ayoixo)

"MUB|g POYIS|N PAJRIDOSSE U} Ul Pajoalap dhleuy
uondudsaqg

68z #QI ABojousioeg (401vQA) uISuoosiA
0€0990/G | #QI Ansiwayd (YNOA) UISUCISIAL
suonellyiuaY sauojeloqe | D jualing

DOOWWOI -5 dSEZ2Z00C0CO D> X>N

]
T
[=]
(&)

Slayljenpd oD

0942-95¢-809
Jabeueyy yooloig

SUBWAZS "I\ Baig :Aq papiwgng
"Payoene si Apoisn) Jo uieyd sy “Aiojeloqe) siyl jo eacidde USHLM INOUIM ‘[Iny U1 Jdaoxa ‘paonpoudal ag
1ou jleys podal siy | "palsa) sajdwes ay) o Ajuo sjejal papodal S)Nsal 8y | "Palou SSIMIBYI0 $sajun pantasaid Apadoud pue joejul panlgoas alam sajdwes |y
‘Sjunowe piepuels 0} pasedwod se awnjoa / Jybiam ajdwes syy ul S8ouaIayIp Aue
OSIE PUE LUORNIIP 1991481 0} pajsnipe a1e SDOV/A0T Iy “(uoneuEenb Jo Wwip) DO Y3 PUB (UONYBIBP 10 I GO BY} USaMISq ur anjen e saledlpu| , SIJON
S3VINY3S NOILYIAIWIY 6102 :9seyd 1paloid D [IUDUIIDHALS SOA W0y SO LU SO BRIGARSE
¥ )0 ¢ abeg 0000'8000°26G681 '# 108l0id ) A
CL98YL ‘# 19p|o4 O23TNVM Bwen josloid M W _ N_ O .w. @ N_ o m @ |_ .—v u

66£Z # 10ejuU0D IVINIWNOYIANT D4 L




/ 0 /

VINIINNG

MLANE 5y

ra 2.2
Gl h\. .\Rnw \D.\ Bw/eq s 11111\& AQ paAlaDaYy
~ 91 o/ b\ﬁ [ eunLssieq \\3 TIAAET wEve S g paysinbuiey
7 ) : ‘urejdxd “ou |
.ﬂ Q% n. g _MM; A): mw\m m\ NJO A Juonipuod poob ul paaiadas sidwes
' SIUDUIWOD ‘AQ paxydedun s|iCweg
X% A AT S AR A KR T M QTEGW
IRZrS = | 193 / F ™ .rw\ Qo g | w ™ thm QW
2 93) MEEEERS =7, 4 108 ¢, MOYLa
S = | A N / o lalv ¢ ¢ | MOe 7T s
Lon LA NN T C> 80T 29287
< 90 % | A 1 o R N = al | 0g]
o ¥ | X1« N 4 as | 9951 :
\ A 5< VR N T gs | 90GT |k /oi OcTIW
sSuswwo) it — w - aaneatasaud parasaid| samog jo # X2 auny| aeq al praig
S, S = uonaa eliiet
M;xf M ?/ [eg jo onsafon| uor azow . T T e
M// ~— T, ‘MUL\,\\.\J ;A\ ) me.w v X LN Sk
LA R P11 : VieS PR X PRy ) GG s
5 Mt. Wﬂ,z :.. o ,\wx [ weEn o o Q \mu 1. \m,mzﬂ - Mu m\) PR
»0S-08 m(; ks .M. W/ ,M.\,..kx.uww,.n.).m .ﬂ BUA] DUNOITI ] \..(\fu (4] .ﬂ_ P fl:mi; BEWOT 1
AN BDOUNG G N (S ¥ HORTSAY Bundige 4 g i
~A Ty sx/w MH)!.. ,/“M UORTSAT BONEiins M Nﬂm. MW iz \w\fﬁ 15 .m) .m_/\\.T._U
LN QISUAR-AARE // »l..u. W.;ff ar “.\w ¢ m\\?\w) @ Q\‘J\N %
T ESS ’ /w..“.u m.w_ \.\,M_iwf N n\ud“”_\ g (u\( I e e \HVﬂQ (md «m\ %Qmwwﬁsrmv MUBN AUesmon
e A} ORIOT PUT POLIMU BRREI) STSATIUY POISANDAY ORI 196101 uonwuuojuj LunICaYAuRD

OrL0-829-616 Budyy
£15.2 ON ‘Aep
8Aug epenl Qog

qMr 4 pagsoe, w(—lw:o h—o Z—<IO

{ 4 T L A
SO A s AP

N

CLORY|

WAHIIGIO2L ] DI ) U jrOxT FHY DA NP RUIPIAL

=

D17 ‘HDOAL X041y



Appendix E
Investigative Derived Waste Laboratory Report

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation

\\MADISON-VFP\RECORDS\-\WPMSN \ PJT2\ 189597\ 0008\ 000003\ 000002\ M1895970008PH3T2-001.DOCX 12/6/19 Final December 2019
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Case Narrative

Client: TRC Environmental Corporation. Job ID: 500-172213-1
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Laboratory: Eurofins TestAmerica, Chicago

Narrative

Job Narrative
500-172213-1

Comments
No additional comments.

Receipt
The samples were received on 10/23/2019 8:30 AM; the samples arrived in good condition, properly preserved and, where required, on
ice. The temperature of the cooler at receipt was 2.1° C.

GC/MS VOA

Method 8260B: The matrix spike / matrix spike duplicate (MS/MSD) precision for 512099 were outside control limits for Chloromethane.
Sample matrix interference and/or non-homogeneity are suspected because the associated laboratory control sample LCS) recoveries
were within acceptance limits.

Method 8260B: The MS/ MSD (matrix spike and matrix spike duplicate) in batch 512099 were analyzed 21 and 49 minutes outside the
method specified 12 hour tune time. MO1-Above Water (500-172213-1), M01-Below Water (500-172213-2), (500-172213-B-1-A MS) and
(500-172213-B-1-A MSD)

Method 8260B: The method blank for 512099 contained Naphthalene, n-Butylbenzene 1,3,5-Trimethylbenzene and
1,2,4-Trimethylbenzene above the method detection limit and below the Reporting limit (RL). These target analytes concentration were
non-detectin the associated sample; therefore, re-analysis of sample was not performed: therefore results were reported.

Method 8260B: The extraction blank for 512002 contained 1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene and n-Butylbenzene. These
was above the method detection limit (MDL) but below the reporting limit (RL). The method blank associated with analytical batch 512099
has detect for Naphthalene,1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene and n-Butylbenzene above the method detection limit (MDL)
but below the reporting limit (RL). These analytes were non-detect in the samples; therefore, re-extraction and re-analysis of samples
were not performed.

No additional analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page.

GC/MS Semi VOA
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

GC Semi VOA
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Metals

Method 6010C: The low-level CCV at line118 in 6010C batch 500-513587 was above the method acceptance limits of 70-130% recovery
for Arsenic. The sample M01-Above Water (500-172213-1) and M01-Below Water (500-172213-2) was bracketed. The mid-range
bracketing the data were all within the 90-110% recovery limits. The sample is a non-detect, therefore the data has been reported.

No additional analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page.

General Chemistry
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Organic Prep
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Eurofins TestAmerica, Chicago
Page 3 of 35 11/11/2019



Detection Summary

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Lab Sample ID: 500-172213-1

Client Sample ID: M01-Above Water

Analyte Result Qualifier RL MDL Unit Dil Fac D Method Prep Type
Benzene 0.023 0.020 0.010 mg/L 20  8260B TCLP
Barium 0.39 J 0.50 0.050 mg/L 1 6010C TCLP
Copper 0.014 J 0.025 0.010 mg/L 1 6010C TCLP

Zinc 0.63 B 0.10 0.020 mg/L 1 6010C TCLP
Flashpoint >176 99.0 99.0 Degrees F 1 1010A Total/NA
Sulfide 11 9.5 4.5 mg/Kg 1 9034 Total/NA

pH 6.1 0.2 0.2 SU 1 9045D Total/NA
Free Liquid Pass No Unit 1 9095B Total/NA
Specific Gravity 2.2423 NONE 1 SM 2710F Total/NA
Client Sample ID: M01-Below Water Lab Sample ID: 500-172213-2
Analyte Result Qualifier RL MDL Unit Dil Fac D Method Prep Type
Barium 0.28 J 0.50 0.050 mg/L 1 6010C TCLP
Copper 0.011 J 0.025 0.010 mg/L 1 6010C TCLP

Zinc 027 B 0.10 0.020 mg/L 1 6010C TCLP
Flashpoint >176 99.0 99.0 Degrees F 1 1010A Total/NA

pH 6.6 0.2 0.2 SU 1 9045D Total/NA
Free Liquid Pass No Unit 1 9095B Total/NA
Total Chlorine 2.0 0.021 0.021 % 1 9251 Total/NA
Specific Gravity 2.2521 NONE 1 SM 2710F Total/NA

This Detection Summary does not include radiochemical test results.

Page 4 of 35
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Method Summary

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Method Method Description Protocol Laboratory
8260B Volatile Organic Compounds (GC/MS) SW846 TAL CHI
8270D Semivolatile Organic Compounds (GC/MS) SW846 TAL CHI
8082A Polychlorinated Biphenyls (PCBs) by Gas Chromatography SW846 TAL CHI
6010C Metals (ICP) SW846 TAL CHI
7470A Mercury (CVAA) SW846 TAL CHI
1010A Ignitability, Pensky-Martens Closed-Cup Method SW846 TAL CHI
9014 Cyanide SW846 TAL CHI
9034 Sulfide, Acid soluble and Insoluble (Titrimetric) SW846 TAL CHI
9045D pH SW846 TAL CHI
9095B Paint Filter SW846 TAL CHI
9251 Chlorine, Total SW846 TAL SAV
Moisture Percent Moisture EPA TAL CHI
SM 2710F Specific Gravity, Density SM TAL CHI
1311 TCLP Extraction SW846 TAL CHI
3010A Preparation, Total Metals SW846 TAL CHI
3510C Liquid-Liquid Extraction (Separatory Funnel) SW846 TAL CHI
3541 Automated Soxhlet Extraction SW846 TAL CHI
5030B Purge and Trap SW846 TAL CHI
5050 Bomb Preparation Method for Solid Waste SW846 TAL SAV
7470A Preparation, Mercury SW846 TAL CHI
9010B Cyanide, Distillation SW846 TAL CHI
9030B Sulfide, Distillation (Acid Soluble and Insoluble) SW846 TAL CHI

Protocol References:
EPA = US Environmental Protection Agency
SM = "Standard Methods For The Examination Of Water And Wastewater"

SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.

Laboratory References:

TAL CHI = Eurofins TestAmerica, Chicago, 2417 Bond Street, University Park, IL 60484, TEL (708)534-5200
TAL SAV = Eurofins TestAmerica, Savannah, 5102 LaRoche Avenue, Savannah, GA 31404, TEL (912)354-7858

Page 5 of 35
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Sample Summary

Job ID: 500-172213-1

Lab Sample ID Client Sample ID Matrix Collected Received Asset ID
500-172213-1 MO01-Above Water Solid 10/22/19 10:45 10/23/19 08:30
500-172213-2 MO01-Below Water Solid 10/22/19 11:05 10/23/19 08:30

Page 6 of 35
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Client Sample Results

Job ID: 500-172213-1

Client Sample ID: M01-Above Water

Lab Sample ID: 500-172213-1

Date Collected: 10/22/19 10:45 Matrix: Solid

Date Received: 10/23/19 08:30
Method: 8260B - Volatile Organic Compounds (GC/MS) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Benzene 0.023 0.020 0.010 mg/L B 11/04/19 15:04 20
Carbon tetrachloride <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Chlorobenzene <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Chloroform <0.020 0.040 0.020 mg/L 11/04/19 15:04 20
1,2-Dichloroethane <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
1,1-Dichloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Methyl Ethyl Ketone <0.050 0.10 0.050 mg/L 11/04/19 15:04 20
Tetrachloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Trichloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Vinyl chloride <0.010 0.020 0.010 mg/L 11/04/19 15:04 20
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
4-Bromofiuorobenzene (Surr) 113 72-124 11/04/19 15:04 20
Dibromofluoromethane (Surr) 94 75-120 11/04/19 15:04 20
1,2-Dichloroethane-d4 (Surr) 96 75-126 11/04/19 15:04 20
Toluene-d8 (Surr) 104 75-120 11/04/19 15:04 20
Method: 8270D - Semivolatile Organic Compounds (GC/MS) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
1,4-Dichlorobenzene <0.020 0.020 0.020 mg/L ~ 11/04/19 16:18 11/05/19 16:00 1
2,4-Dinitrotoluene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 16:00 1
Hexachlorobenzene <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 16:00 1
Hexachlorobutadiene <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:00 1
Hexachloroethane <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:00 1
2-Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 16:00 1
3 & 4 Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 16:00 1
Nitrobenzene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 16:00 1
Pentachlorophenol <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 16:00 1
Pyridine <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 16:00 1
2,4,5-Trichlorophenol <0.10 0.10 0.10 mg/L 11/04/19 16:18 11/05/19 16:00 1
2,4,6-Trichlorophenol <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:00 1
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
2-Fluorobiphenyl! (Surr) 62 34-110 11/04/19 16:18 11/05/19 16:00 1
2-Fluorophenol (Surr) 53 27-110 11/04/19 16:18 11/05/19 16:00 1
Nitrobenzene-d5 (Surr) 75 36-120 11/04/19 16:18 11/05/19 16:00 1
Phenol-d5 (Surr) 36 20-100 11/04/19 16:18 11/05/19 16:00 1
Terphenyl-d14 (Surr) 98 40-145 11/04/19 16:18 11/05/19 16:00 1
2,4,6-Tribromophenol (Surr) 89 40-145 11/04/19 16:18 11/05/19 16:00 1
Method: 6010C - Metals (ICP) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Arsenic <0.010 0.050 0.010 mg/L ~ 11/01/19 15:45 11/05/19 02:00 1
Barium 0.39 J 0.50 0.050 mg/L 11/01/19 15:45 11/05/19 02:00 1
Cadmium <0.0020 0.0050 0.0020 mg/L 11/01/19 15:45 11/05/19 02:00 1
Chromium <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:00 1
Copper 0.014 J 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:00 1
Lead <0.0075 * 0.050 0.0075 mg/L 11/01/19 15:45 11/05/19 02:00 1
Nickel <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:00 1
Selenium <0.020 0.050 0.020 mg/L 11/01/19 15:45 11/05/19 02:00 1
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Client Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Client Sample ID: M01-Above Water

Lab Sample ID: 500-172213-1

Date Collected: 10/22/19 10:45 Matrix: Solid
Date Received: 10/23/19 08:30
Method: 6010C - Metals (ICP) - TCLP (Continued)
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Silver <0.010 0.025 0.010 mg/L ~ 11/01/19 15:45 11/05/19 02:00 1
Zinc 0.63 B 0.10 0.020 mg/L 11/01/19 15:45 11/05/19 02:00 1
Method: 7470A - Mercury (CVAA) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Mercury <0.00020 0.00020 0.00020 mg/L ~ 11/04/19 09:15 11/05/19 07:59 1
General Chemistry
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Flashpoint >176 99.0 99.0 Degrees F B 11/06/19 14:44 1
Cyanide, Total <0.25 0.49 0.25 mg/Kg 11/01/19 10:15 11/01/19 15:33 1
Sulfide 1 9.5 4.5 mg/Kg 11/07/19 20:27 11/08/19 02:23 1
pH 6.1 0.2 0.2 SU 10/25/19 11:54 1
Free Liquid Pass No Unit 11/06/19 14:48 1
Specific Gravity 2.2423 NONE 11/07/19 17:18 1
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Client Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Client Sample ID: M01-Above Water

Date Collected: 10/22/19 10:45
Date Received: 10/23/19 08:30

Lab Sample ID: 500-172213-1
Matrix: Solid

Percent Solids: 97.0

7Method: 8082A - Polychlorinated Biphenyls (PCBs) by Gas Chromatography

Total Chlorine
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Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
PCB-1016 <6.0 17 6.0 ug/Kg £ 11/01/19 18:07 11/02/19 08:01 1
PCB-1221 <75 17 7.5 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:01 1
PCB-1232 <74 17 7.4 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:01 1
PCB-1242 <5.6 17 5.6 ug/Kg %t 11/01/19 18:07 11/02/19 08:01 1
PCB-1248 <6.7 17 6.7 ug/Kg %t 11/01/19 18:07 11/02/19 08:01 1
PCB-1254 <3.7 17 3.7 ug/Kg %t 11/01/19 18:07 11/02/19 08:01 1
PCB-1260 <8.4 17 8.4 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:01 1
Polychlorinated biphenyls, Total <3.3 17 3.3 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:01 1
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
Tetrachloro-m-xylene 100 49-129 11/01/19 18:07 11/02/19 08:01 1
DCB Decachlorobiphenyl 107 37-121 11/01/19 18:07 11/02/19 08:01 1
General Chemistry
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
<0.020 0.020 0.020 % i 10/29/19 11:59 10/29/19 17:45 1
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Client Sample Results

Job ID: 500-172213-1

Client Sample ID: M01-Below Water

Lab Sample ID: 500-172213-2

Date Collected: 10/22/19 11:05 Matrix: Solid

Date Received: 10/23/19 08:30
Method: 8260B - Volatile Organic Compounds (GC/MS) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Benzene <0.010 0.020 0.010 mg/L B 11/04/19 15:32 20
Carbon tetrachloride <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Chlorobenzene <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Chloroform <0.020 0.040 0.020 mg/L 11/04/19 15:32 20
1,2-Dichloroethane <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
1,1-Dichloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Methyl Ethyl Ketone <0.050 0.10 0.050 mg/L 11/04/19 15:32 20
Tetrachloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Trichloroethene <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Vinyl chloride <0.010 0.020 0.010 mg/L 11/04/19 15:32 20
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
4-Bromofiuorobenzene (Surr) 114 72-124 11/04/19 15:32 20
Dibromofluoromethane (Surr) 94 75-120 11/04/19 15:32 20
1,2-Dichloroethane-d4 (Surr) 98 75-126 11/04/19 15:32 20
Toluene-d8 (Surr) 105 75-120 11/04/19 15:32 20
Method: 8270D - Semivolatile Organic Compounds (GC/MS) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
1,4-Dichlorobenzene <0.020 0.020 0.020 mg/L ~ 11/04/19 16:18 11/05/19 16:24 1
2,4-Dinitrotoluene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 16:24 1
Hexachlorobenzene <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 16:24 1
Hexachlorobutadiene <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:24 1
Hexachloroethane <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:24 1
2-Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 16:24 1
3 & 4 Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 16:24 1
Nitrobenzene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 16:24 1
Pentachlorophenol <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 16:24 1
Pyridine <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 16:24 1
2,4,5-Trichlorophenol <0.10 0.10 0.10 mg/L 11/04/19 16:18 11/05/19 16:24 1
2,4,6-Trichlorophenol <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 16:24 1
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
2-Fluorobiphenyl! (Surr) 72 34-110 11/04/19 16:18 11/05/19 16:24 1
2-Fluorophenol (Surr) 51 27-110 11/04/19 16:18 11/05/19 16:24 1
Nitrobenzene-d5 (Surr) 80 36-120 11/04/19 16:18 11/05/19 16:24 1
Phenol-d5 (Surr) 37 20-100 11/04/19 16:18 11/05/19 16:24 1
Terphenyl-d14 (Surr) 103 40-145 11/04/19 16:18 11/05/19 16:24 1
2,4,6-Tribromophenol (Surr) 100 40-145 11/04/19 16:18 11/05/19 16:24 1
Method: 6010C - Metals (ICP) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Arsenic <0.010 0.050 0.010 mg/L ~ 11/01/19 15:45 11/05/19 02:04 1
Barium 0.28 J 0.50 0.050 mg/L 11/01/19 15:45 11/05/19 02:04 1
Cadmium <0.0020 0.0050 0.0020 mg/L 11/01/19 15:45 11/05/19 02:04 1
Chromium <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:04 1
Copper 0.011 J 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:04 1
Lead <0.0075 * 0.050 0.0075 mg/L 11/01/19 15:45 11/05/19 02:04 1
Nickel <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 02:04 1
Selenium <0.020 0.050 0.020 mg/L 11/01/19 15:45 11/05/19 02:04 1
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Client Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Client Sample ID: M01-Below Water

Lab Sample ID: 500-172213-2

Date Collected: 10/22/19 11:05 Matrix: Solid
Date Received: 10/23/19 08:30
Method: 6010C - Metals (ICP) - TCLP (Continued)
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Silver <0.010 0.025 0.010 mg/L ~ 11/01/19 15:45 11/05/19 02:04 1
Zinc 0.27 B 0.10 0.020 mg/L 11/01/19 15:45 11/05/19 02:04 1
Method: 7470A - Mercury (CVAA) - TCLP
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Mercury <0.00020 0.00020 0.00020 mg/L ~ 11/04/19 09:15 11/05/19 08:01 1
General Chemistry
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Flashpoint >176 99.0 99.0 Degrees F B 11/06/19 16:17 1
Cyanide, Total <0.21 0.41 0.21 mg/Kg 11/01/19 10:15 11/01/19 15:33 1
Sulfide <4.5 9.5 4.5 mg/Kg 11/07/19 20:27 11/08/19 02:25 1
pH 6.6 0.2 0.2 SU 10/25/19 11:57 1
Free Liquid Pass No Unit 11/06/19 14:50 1
Specific Gravity 2.2521 NONE 11/07/19 17:18 1
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Client Sample Results
Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Client Sample ID: M01-Below Water
Date Collected: 10/22/19 11:05

Lab Sample ID: 500-172213-2
Matrix: Solid
Percent Solids: 96.3

Date Received: 10/23/19 08:30

Method: 8082A - Polychlorinated Biphenyls (PCBs) by Gas Chromatography

Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
PCB-1016 <6.1 17 6.1 ug/Kg i 11/01/19 18:07 11/02/19 08:16 1
PCB-1221 <7.6 17 7.6 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:16 1
PCB-1232 <75 17 7.5 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:16 1
PCB-1242 <5.7 17 5.7 ug/Kg % 11/01/19 18:07 11/02/19 08:16 1
PCB-1248 <6.8 17 6.8 ug/Kg % 11/01/19 18:07 11/02/19 08:16 1
PCB-1254 <3.7 17 3.7 ug/Kg % 11/01/19 18:07 11/02/19 08:16 1
PCB-1260 <8.5 17 8.5 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:16 1
Polychlorinated biphenyls, Total <3.3 17 3.3 ug/Kg ¥ 11/01/19 18:07 11/02/19 08:16 1
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
Tetrachloro-m-xylene 90 49-129 11/01/19 18:07 11/02/19 08:16 1
DCB Decachlorobiphenyl 105 37-121 11/01/19 18:07 11/02/19 08:16 1
General Chemistry

Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Total Chlorine 2.0 0.021 0.021 % i 10/29/19 11:59 10/29/19 17:45 1
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Definitions/Glossary

Client: TRC Environmental Corporation. Job ID: 500-172213-1
Project/Site: Wauleco - 189597.0008 P3T2

Qualifiers

Metals

Qualifier Qualifier Description

A ICV,CCV,ICB,CCB, ISA, ISB, CRI, CRA, DLCK or MRL standard: Instrument related QC is outside acceptance limits.
B Compound was found in the blank and sample.

J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.
Glossary

Abbreviation These commonly used abbreviations may or may not be present in this report.

o Listed under the "D" column to designate that the result is reported on a dry weight basis
%R Percent Recovery

CFL Contains Free Liquid

CNF Contains No Free Liquid

DER Duplicate Error Ratio (normalized absolute difference)

Dil Fac Dilution Factor

DL Detection Limit (DoD/DOE)

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample
DLC Decision Level Concentration (Radiochemistry)

EDL Estimated Detection Limit (Dioxin)

LOD Limit of Detection (DoD/DOE)

LOQ Limit of Quantitation (DoD/DOE)

MDA Minimum Detectable Activity (Radiochemistry)

MDC Minimum Detectable Concentration (Radiochemistry)

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not Detected at the reporting limit (or MDL or EDL if shown)

PQL Practical Quantitation Limit

QC Quality Control

RER Relative Error Ratio (Radiochemistry)

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points
TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)

Eurofins TestAmerica, Chicago
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QC Association Summary

Client: TRC Environmental Corporation. Job ID: 500-172213-1

Project/Site: Wauleco - 189597.0008 P3T2

GC/MS VOA

Leach Batch: 513169
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 1311
500-172213-2 MO01-Below Water TCLP Solid 1311
LB 500-513169/1-A Method Blank TCLP Solid 1311

Analysis Batch: 513331
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 8260B 513169
500-172213-2 MO01-Below Water TCLP Solid 8260B 513169
LB 500-513169/1-A Method Blank TCLP Solid 8260B 513169
MB 500-513331/7 Method Blank Total/NA Solid 8260B n
LCS 500-513331/5 Lab Control Sample Total/NA Solid 8260B

GC/MS Semi VOA

Leach Batch: 512951
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 1311
500-172213-2 MO01-Below Water TCLP Solid 1311
LB 500-512951/1-F Method Blank TCLP Solid 1311

Prep Batch: 513495
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 3510C 512951
500-172213-2 MO01-Below Water TCLP Solid 3510C 512951
LB 500-512951/1-F Method Blank TCLP Solid 3510C 512951
MB 500-513495/1-A Method Blank Total/NA Solid 3510C
LCS 500-513495/2-A Lab Control Sample Total/NA Solid 3510C

Analysis Batch: 513569
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 8270D 513495
500-172213-2 MO01-Below Water TCLP Solid 8270D 513495
LB 500-512951/1-F Method Blank TCLP Solid 8270D 513495
MB 500-513495/1-A Method Blank Total/NA Solid 8270D 513495
LCS 500-513495/2-A Lab Control Sample Total/NA Solid 8270D 513495

GC Semi VOA

Prep Batch: 513218
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 3541
500-172213-2 MO01-Below Water Total/NA Solid 3541
MB 500-513218/1-A Method Blank Total/NA Solid 3541
LCS 500-513218/2-A Lab Control Sample Total/NA Solid 3541

Analysis Batch: 513231
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 8082A 513218
500-172213-2 MO01-Below Water Total/NA Solid 8082A 513218
MB 500-513218/1-A Method Blank Total/NA Solid 8082A 513218
LCS 500-513218/2-A Lab Control Sample Total/NA Solid 8082A 513218

Eurofins TestAmerica, Chicago
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QC Association Summary

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Metals

Leach Batch: 512951

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 1311
500-172213-2 MO1-Below Water TCLP Solid 1311
LB 500-512951/1-B Method Blank TCLP Solid 1311
LB 500-512951/1-C Method Blank TCLP Solid 1311
Prep Batch: 513182
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 3010A 512951
500-172213-2 MO01-Below Water TCLP Solid 3010A 512951
LB 500-512951/1-B Method Blank TCLP Solid 3010A 512951
LCS 500-513182/2-A Lab Control Sample Total/NA Solid 3010A
Prep Batch: 513400
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 7470A 512951
500-172213-2 MO01-Below Water TCLP Solid 7470A 512951
LB 500-512951/1-C Method Blank TCLP Solid 7470A 512951
MB 500-513400/11-A Method Blank Total/NA Solid 7470A
LCS 500-513400/12-A Lab Control Sample Total/NA Solid 7470A
Analysis Batch: 513587
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO1-Above Water TCLP Solid 6010C 513182
500-172213-2 MO1-Below Water TCLP Solid 6010C 513182
LB 500-512951/1-B Method Blank TCLP Solid 6010C 513182
LCS 500-513182/2-A Lab Control Sample Total/NA Solid 6010C 513182
Analysis Batch: 513622
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water TCLP Solid 7470A 513400
500-172213-2 MO01-Below Water TCLP Solid 7470A 513400
LB 500-512951/1-C Method Blank TCLP Solid 7470A 513400
MB 500-513400/11-A Method Blank Total/NA Solid 7470A 513400
LCS 500-513400/12-A Lab Control Sample Total/NA Solid 7470A 513400
General Chemistry
Analysis Batch: 511702
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO1-Above Water Total/NA Solid Moisture
500-172213-2 MO1-Below Water Total/NA Solid Moisture
500-172213-1 DU MO1-Above Water Total/NA Solid Moisture
Analysis Batch: 511852
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9045D
500-172213-2 MO01-Below Water Total/NA Solid 9045D
LCS 500-511852/5 Lab Control Sample Total/NA Solid 9045D
LCSD 500-511852/6 Lab Control Sample Dup Total/NA Solid 9045D
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QC Association Summary
Client: TRC Environmental Corporation. Job ID: 500-172213-1

Project/Site: Wauleco - 189597.0008 P3T2

General Chemistry

Prep Batch: 513080
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Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9010B
500-172213-2 MO1-Below Water Total/NA Solid 9010B
MB 500-513080/1-A Method Blank Total/NA Solid 9010B
HLCS 500-513080/2-A Lab Control Sample Total/NA Solid 9010B
LCS 500-513080/3-A Lab Control Sample Total/NA Solid 9010B
LLCS 500-513080/4-A Lab Control Sample Total/NA Solid 9010B
Analysis Batch: 513417
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO1-Above Water Total/NA Solid 9014 513080 n
500-172213-2 MO1-Below Water Total/NA Solid 9014 513080
MB 500-513080/1-A Method Blank Total/NA Solid 9014 513080
HLCS 500-513080/2-A Lab Control Sample Total/NA Solid 9014 513080
LCS 500-513080/3-A Lab Control Sample Total/NA Solid 9014 513080
LLCS 500-513080/4-A Lab Control Sample Total/NA Solid 9014 513080
Analysis Batch: 513953
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9095B
500-172213-2 MO01-Below Water Total/NA Solid 9095B
Analysis Batch: 513974
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO1-Above Water Total/NA Solid 1010A
500-172213-2 MO01-Below Water Total/NA Solid 1010A
Analysis Batch: 514221
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid SM 2710F
500-172213-2 MO01-Below Water Total/NA Solid SM 2710F
500-172213-2 DU MO01-Below Water Total/NA Solid SM 2710F
Prep Batch: 514241
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9030B
500-172213-2 MO01-Below Water Total/NA Solid 9030B
MB 500-514241/1-A Method Blank Total/NA Solid 9030B
LCS 500-514241/2-A Lab Control Sample Total/NA Solid 9030B
Analysis Batch: 514257
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9034 514241
500-172213-2 MO01-Below Water Total/NA Solid 9034 514241
MB 500-514241/1-A Method Blank Total/NA Solid 9034 514241
LCS 500-514241/2-A Lab Control Sample Total/NA Solid 9034 514241
Prep Batch: 593500
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO1-Above Water Total/NA Solid 5050
500-172213-2 MO1-Below Water Total/NA Solid 5050
MB 680-593500/1-A Method Blank Total/NA Solid 5050



Client: TRC Environmental Corporation.

Project/Site: Wauleco - 189597.0008 P3T2

QC Association Summary

Job ID: 500-172213-1

General Chemistry (Continued)

Prep Batch: 593500 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
LCS 680-593500/2-A Lab Control Sample Total/NA Solid 5050
500-172213-1 MS MO01-Above Water Total/NA Solid 5050
500-172213-1 MSD MO01-Above Water Total/NA Solid 5050
500-172213-1 DU MO01-Above Water Total/NA Solid 5050
Analysis Batch: 593570
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
500-172213-1 MO01-Above Water Total/NA Solid 9251 593500
500-172213-2 MO01-Below Water Total/NA Solid 9251 593500
MB 680-593500/1-A Method Blank Total/NA Solid 9251 593500
LCS 680-593500/2-A Lab Control Sample Total/NA Solid 9251 593500
500-172213-1 MS MO01-Above Water Total/NA Solid 9251 593500
500-172213-1 MSD MO1-Above Water Total/NA Solid 9251 593500
500-172213-1 DU MO01-Above Water Total/NA Solid 9251 593500
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Surrogate Summary

Client: TRC Environmental Corporation. Job ID: 500-172213-1
Project/Site: Wauleco - 189597.0008 P3T2

Method: 8260B - Volatile Organic Compounds (GC/MS)

Matrix: Solid Prep Type: Total/NA
Percent Surrogate Recovery (Acceptance Limits)
BFB DBFM DCA TOL
Lab Sample ID Client Sample ID (72-124) (75-120) (75-126) (75-120)
LCS 500-513331/5 Lab Control Sample 108 94 92 107
MB 500-513331/7 Method Blank 114 94 98 104

Surrogate Legend

BFB = 4-Bromofluorobenzene (Surr)
DBFM = Dibromofluoromethane (Surr)
DCA = 1,2-Dichloroethane-d4 (Surr)
TOL = Toluene-d8 (Surr)

Method: 8260B - Volatile Organic Compounds (GC/MS)

Matrix: Solid Prep Type: TCLP
Percent Surrogate Recovery (Acceptance Limits)
BFB DBFM DCA TOL
Lab Sample ID Client Sample ID (72-124) (75-120) (75-126) (75-120)
500-172213-1 MO01-Above Water 113 94 96 104
500-172213-2 MO01-Below Water 114 94 98 105
LB 500-513169/1-A Method Blank 112 90 91 107

Surrogate Legend

BFB = 4-Bromofluorobenzene (Surr)
DBFM = Dibromofluoromethane (Surr)
DCA = 1,2-Dichloroethane-d4 (Surr)
TOL = Toluene-d8 (Surr)

Method: 8270D - Semivolatile Organic Compounds (GC/MS)

Matrix: Solid Prep Type: Total/NA
Percent Surrogate Recovery (Acceptance Limits)
FBP 2FP NBZ PHL TPHL TBP
Lab Sample ID Client Sample ID (34-110) (27-110) (36-120) (20-100) (40-145) (40-145)
LCS 500-513495/2-A Lab Control Sample 79 51 86 35 107 106
MB 500-513495/1-A Method Blank 99 47 89 34 108 101

Surrogate Legend

FBP = 2-Fluorobiphenyl (Surr)
2FP = 2-Fluorophenol (Surr)

NBZ = Nitrobenzene-d5 (Surr)
PHL = Phenol-d5 (Surr)

TPHL = Terphenyl-d14 (Surr)

TBP = 2,4,6-Tribromophenol (Surr)

Method: 8270D - Semivolatile Organic Compounds (GC/MS)

Matrix: Solid Prep Type: TCLP
Percent Surrogate Recovery (Acceptance Limits)
FBP 2FP NBz PHL TPHL TBP
Lab Sample ID Client Sample ID (34-110) (27-110) (36-120) (20-100) (40-145) (40-145)
500-172213-1 MO01-Above Water 62 53 75 36 98 89
500-172213-2 MO1-Below Water 72 51 80 37 103 100
LB 500-512951/1-F Method Blank 72 47 81 37 105 107

Surrogate Legend
Eurofins TestAmerica, Chicago
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Surrogate Summary

Client: TRC Environmental Corporation. Job ID: 500-172213-1

Project/Site: Wauleco - 189597.0008 P3T2
FBP = 2-Fluorobiphenyl (Surr)

2FP = 2-Fluorophenol (Surr)

NBZ = Nitrobenzene-d5 (Surr)
PHL = Phenol-d5 (Surr)

TPHL = Terphenyl-d14 (Surr)

TBP = 2,4,6-Tribromophenol (Surr)

Method: 8082A - Polychlorinated Biphenyls (PCBs) by Gas Chromatography
Matrix: Solid Prep Type: Total/NA

Percent Surrogate Recovery (Acceptance Limits)
TCX1 DCBP1

Lab Sample ID Client Sample ID (49-129)  (37-121)
500-172213-1 MO1-Above Water 100 107
500-172213-2 MO1-Below Water 90 105
LCS 500-513218/2-A Lab Control Sample 119 113
MB 500-513218/1-A Method Blank 102 102

Surrogate Legend

TCX = Tetrachloro-m-xylene
DCBP = DCB Decachlorobiphenyl

Eurofins TestAmerica, Chicago
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QC Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Method: 8260B - Volatile Organic Compounds (GC/MS)

7Lab Sample ID: MB 500-513331/7

Client Sample ID: Method Blank

Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513331

MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Benzene <0.00050 0.0010 0.00050 mg/L n 11/04/19 11:53 1
Carbon tetrachloride <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
Chlorobenzene <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
Chloroform <0.0010 0.0020 0.0010 mg/L 11/04/19 11:53 1
1,2-Dichloroethane <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
1,1-Dichloroethene <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
Methyl Ethyl Ketone <0.0025 0.0050 0.0025 mg/L 11/04/19 11:53 1
Tetrachloroethene <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
Trichloroethene <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1
Vinyl chloride <0.00050 0.0010 0.00050 mg/L 11/04/19 11:53 1

MB MB
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
4-Bromofiuorobenzene (Surr) 114 72-124 11/04/19 11:53 1
Dibromofluoromethane (Surr) 94 75-120 11/04/19 11:53 1
1,2-Dichloroethane-d4 (Surr) 98 75-126 11/04/19 11:53 1
Toluene-d8 (Surr) 104 75-120 11/04/19 11:53 1
Lab Sample ID: LCS 500-513331/5 Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513331

Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Benzene 0.0500 0.0548 mg/L 110  70-120
Carbon tetrachloride 0.0500 0.0473 mg/L 95 59-133
Chlorobenzene 0.0500 0.0509 mg/L 102 70-120
Chloroform 0.0500 0.0477 mg/L 95 70-120
1,2-Dichloroethane 0.0500 0.0503 mg/L 101 68-127
1,1-Dichloroethene 0.0500 0.0506 mg/L 101 67-122
Methyl Ethyl Ketone 0.0500 0.0636 mg/L 127  46-144
Tetrachloroethene 0.0500 0.0503 mg/L 101 70-128
Trichloroethene 0.0500 0.0506 mg/L 101 70-125
Vinyl chloride 0.0500 0.0551 mg/L 110 64-126
LCS LCS

Surrogate %Recovery Qualifier Limits
4-Bromofluorobenzene (Surr) 108 72-124
Dibromofluoromethane (Surr) 94 75-120
1,2-Dichloroethane-d4 (Surr) 92 75-126
Toluene-d8 (Surr) 107 75-120
Lab Sample ID: LB 500-513169/1-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: TCLP
Analysis Batch: 513331

LB LB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Benzene <0.010 0.020 0.010 mg/L n 11/04/19 12:21 20
Carbon tetrachloride <0.010 0.020 0.010 mg/L 11/04/19 12:21 20
Chlorobenzene <0.010 0.020 0.010 mg/L 11/04/19 12:21 20
Chloroform <0.020 0.040 0.020 mg/L 11/04/19 12:21 20
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

QC Sample Results

Job ID: 500-172213-1

Method: 8260B - Volatile Organic Compounds (GC/MS) (Continued)

Lab Sample ID: LB 500-513169/1-A

Matrix: Solid
Analysis Batch: 513331

Client Sample ID: Method Blank
Prep Type: TCLP

LB LB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
1,2-Dichloroethane <0.010 0.020 0.010 mg/L B 11/04/19 12:21 20
1,1-Dichloroethene <0.010 0.020 0.010 mg/L 11/04/19 12:21 20
Methyl Ethyl Ketone <0.050 0.10 0.050 mg/L 11/04/19 12:21 20
Tetrachloroethene <0.010 0.020 0.010 mg/L 11/04/19 12:21 20
Trichloroethene <0.010 0.020 0.010 mg/L 11/04/19 12:21 20
Vinyl chloride <0.010 0.020 0.010 mg/L 11/04/19 12:21 20

LB LB
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
4-Bromofluorobenzene (Surr) 112 72-124 11/04/19 12:21 20
Dibromofluoromethane (Surr) 90 75-120 11/04/19 12:21 20
1,2-Dichloroethane-d4 (Surr) 91 75-126 11/04/19 12:21 20
Toluene-d8 (Surr) 107 75-120 11/04/19 12:21 20

Method: 8270D - Semivolatile Organic Compounds (GC/MS)

7Lab Sample ID: MB 500-513495/1-A

Client Sample ID: Method Blank

Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513569 Prep Batch: 513495
MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
1,4-Dichlorobenzene <0.0020 0.0020 0.0020 mg/L ~ 11/04/19 16:18 11/05/19 13:12 1
2,4-Dinitrotoluene <0.0010 0.0010 0.0010 mg/L 11/04/19 16:18 11/05/19 13:12 1
Hexachlorobenzene <0.00050 0.00050 0.00050 mg/L 11/04/19 16:18 11/05/19 13:12 1
Hexachlorobutadiene <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 13:12 1
Hexachloroethane <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 13:12 1
2-Methylphenol <0.0020 0.0020 0.0020 mg/L 11/04/19 16:18 11/05/19 13:12 1
3 & 4 Methylphenol <0.0020 0.0020 0.0020 mg/L 11/04/19 16:18 11/05/19 13:12 1
Nitrobenzene <0.0010 0.0010 0.0010 mg/L 11/04/19 16:18 11/05/19 13:12 1
Pentachlorophenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 13:12 1
Pyridine <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 13:12 1
2,4,5-Trichlorophenol <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 13:12 1
2,4,6-Trichlorophenol <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 13:12 1
vMB MB
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
2-Fluorobipheny! (Surr) 99 34-110 11/04/19 16:18 11/05/19 13:12 1
2-Fluorophenol (Surr) 47 27-110 11/04/19 16:18 11/05/19 13:12 1
Nitrobenzene-d5 (Surr) 89 36-120 11/04/19 16:18 11/05/19 13:12 1
Phenol-d5 (Surr) 34 20-100 11/04/19 16:18 11/05/19 13:12 1
Terphenyl-d14 (Surr) 108 40-145 11/04/19 16:18 11/05/19 13:12 1
2,4,6-Tribromophenol (Surr) 101 40-145 11/04/19 16:18 11/05/19 13:12 1
Lab Sample ID: LCS 500-513495/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513569 Prep Batch: 513495
Spike LCS LCS %Rec.

Analyte Added Result Qualifier Unit D %Rec Limits
1,4-Dichlorobenzene 0.0400 0.0230 mg/L o 58 23-110
2,4-Dinitrotoluene 0.0400 0.0425 mg/L 106 63-129
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QC Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Method: 8270D - Semivolatile Organic Compounds (GC/MS) (Continued)

Lab Sample ID: LCS 500-513495/2-A
Matrix: Solid
Analysis Batch: 513569

Client Sample ID: Lab Control Sample
Prep Type: Total/NA
Prep Batch: 513495

Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Hexachlorobenzene 0.0400 0.0406 mg/L o 102 61-126
Hexachlorobutadiene 0.0400 0.0267 mg/L 67 20-100
Hexachloroethane 0.0400 0.0209 mg/L 52 20-100
2-Methylphenol 0.0400 0.0298 mg/L 74 53-115
3 & 4 Methylphenol 0.0400 0.0288 mg/L 72 50-116
Nitrobenzene 0.0400 0.0337 mg/L 84 54 _121
Pentachlorophenol 0.0800 0.0514 mg/L 64 42148
Pyridine 0.0800 0.0300 mg/L 38 15-110
2,4,5-Trichlorophenol 0.0400 0.0400 mg/L 100 63-124
2,4,6-Trichlorophenol 0.0400 0.0403 mg/L 101 62-121
LCS LCS
Surrogate %Recovery Qualifier Limits
2-Fluorobiphenyl (Surr) 79 34-110
2-Fluorophenol (Surr) 51 27-110
Nitrobenzene-d5 (Surr) 86 36-120
Phenol-d5 (Surr) 35 20-100
Terphenyl-d14 (Surr) 107 40-145
2,4,6-Tribromophenol (Surr) 106 40-145
Lab Sample ID: LB 500-512951/1-F Client Sample ID: Method Blank
Matrix: Solid Prep Type: TCLP
Analysis Batch: 513569 Prep Batch: 513495
LB LB
Analyte Result Qualifier RL MDL Unit Prepared Analyzed Dil Fac
1,4-Dichlorobenzene <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 14:48 1
2,4-Dinitrotoluene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 14:48 1
Hexachlorobenzene <0.0050 0.0050 0.0050 mg/L 11/04/19 16:18 11/05/19 14:48 1
Hexachlorobutadiene <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 14:48 1
Hexachloroethane <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 14:48 1
2-Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 14:48 1
3 & 4 Methylphenol <0.020 0.020 0.020 mg/L 11/04/19 16:18 11/05/19 14:48 1
Nitrobenzene <0.010 0.010 0.010 mg/L 11/04/19 16:18 11/05/19 14:48 1
Pentachlorophenol <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 14:48 1
Pyridine <0.20 0.20 0.20 mg/L 11/04/19 16:18 11/05/19 14:48 1
2,4,5-Trichlorophenol <0.10 0.10 0.10 mg/L 11/04/19 16:18 11/05/19 14:48 1
2,4,6-Trichlorophenol <0.050 0.050 0.050 mg/L 11/04/19 16:18 11/05/19 14:48 1
LB LB
Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
2-Fluorobiphenyl (Surr) 72 34.110 11/04/19 16:18 11/05/19 14:48 1
2-Fluorophenol (Surr) 47 27-110 11/04/19 16:18 11/05/19 14:48 1
Nitrobenzene-d5 (Surr) 81 36-120 11/04/19 16:18 11/05/19 14:48 1
Phenol-d5 (Surr) 37 20-100 11/04/19 16:18 11/05/19 14:48 1
Terphenyl-d14 (Surr) 105 40-145 11/04/19 16:18 11/05/19 14:48 1
2,4,6-Tribromophenol (Surr) 107 40-145 11/04/19 16:18 11/05/19 14:48 1
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QC Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Method: 8082A - Polychlorinated Biphenyls (PCBs) by Gas Chromatography

7Lab Sample ID: MB 500-513218/1-A
Matrix: Solid
Analysis Batch: 513231

Client Sample ID: Method Blank
Prep Type: Total/NA
Prep Batch: 513218

MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
PCB-1016 <5.9 17 5.9 ug/Kg ~ 11/01/19 18:07 11/02/19 07:30 1
PCB-1221 <7.3 17 7.3 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
PCB-1232 <7.3 17 7.3 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
PCB-1242 <5.5 17 5.5 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
PCB-1248 <6.6 17 6.6 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
PCB-1254 <3.6 17 3.6 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
PCB-1260 <8.2 17 8.2 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
Polychlorinated biphenyls, Total <3.2 17 3.2 ug/Kg 11/01/19 18:07 11/02/19 07:30 1
vMB MB

Surrogate %Recovery Qualifier Limits Prepared Analyzed Dil Fac
Tetrachloro-m-xylene 102 49-129 11/01/19 18:07 11/02/19 07:30 1
DCB Decachlorobiphenyl 102 37-121 11/01/19 18:07 11/02/19 07:30 1
Lab Sample ID: LCS 500-513218/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513231 Prep Batch: 513218

Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
PCB-1016 167 192 ug/Kg a 115 57-120
PCB-1260 167 167 ug/Kg 100 61-125

LCS LCS
Surrogate %Recovery Qualifier Limits
Tetrachloro-m-xylene 119 49-129
DCB Decachlorobiphenyl! 113 37-121
Method: 6010C - Metals (ICP)

Lab Sample ID: LCS 500-513182/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513587 Prep Batch: 513182

Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Arsenic 0.100 0.0975 mg/L o 97 80-120
Barium 0.500 0.508 mg/L 102 80-120
Cadmium 0.0500 0.0478 mg/L 96 80-120
Chromium 0.200 0.199 mg/L 100 80-120
Copper 0.250 0.249 mg/L 100 80-120
Lead 0.100 0.0975 mg/L 97  80-120
Nickel 0.500 0.491 mg/L 98  80-120
Selenium 0.100 0.0898 mg/L 90 80-120
Silver 0.0500 0.0485 mg/L 97 80-120
Zinc 0.500 0.490 mg/L 98  80-120
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

QC Sample Results

Job ID: 500-172213-1

Method: 6010C - Metals (ICP) (Continued)

Lab Sample ID: LB 500-512951/1-B
Matrix: Solid
Analysis Batch: 513587

Client Sample ID: Method Blank
Prep Type: TCLP
Prep Batch: 513182

Page 24 of 35

LB LB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Arsenic <0.010 0.050 0.010 mg/L ~ 11/01/19 15:45 11/05/19 01:31 1
Barium <0.050 0.50 0.050 mg/L 11/01/19 15:45 11/05/19 01:31 1
Cadmium <0.0020 0.0050 0.0020 mg/L 11/01/19 15:45 11/05/19 01:31 1
Chromium <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 01:31 1
Copper <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 01:31 1
Lead <0.0075 0.050 0.0075 mg/L 11/01/19 15:45 11/05/19 01:31 1
Nickel <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 01:31 1
Selenium <0.020 0.050 0.020 mg/L 11/01/19 15:45 11/05/19 01:31 1
Silver <0.010 0.025 0.010 mg/L 11/01/19 15:45 11/05/19 01:31 1
Zinc 0.0646 J 0.10 0.020 mg/L 11/01/19 15:45 11/05/19 01:31 1
Method: 7470A - Mercury (CVAA)
Lab Sample ID: MB 500-513400/11-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513622 Prep Batch: 513400
MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Mercury <0.00020 0.00020 0.00020 mg/L ~ 11/04/19 09:15 11/05/19 07:48 1
Lab Sample ID: LCS 500-513400/12-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513622 Prep Batch: 513400
Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Mercury 0.00200 0.00203 mg/L 101 80-120
Lab Sample ID: LB 500-512951/1-C Client Sample ID: Method Blank
Matrix: Solid Prep Type: TCLP
Analysis Batch: 513622 Prep Batch: 513400
LB LB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Mercury <0.00020 0.00020 0.00020 mg/L ~ 11/04/19 09:15 11/05/19 07:53 1
Method: 9014 - Cyanide
Lab Sample ID: MB 500-513080/1-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513417 Prep Batch: 513080
MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Cyanide, Total <0.25 0.50 0.25 mg/Kg ~ 11/01/1910:15 11/01/19 15:20 1
Lab Sample ID: HLCS 500-513080/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513417 Prep Batch: 513080
Spike HLCS HLCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Cyanide, Total 20.0 20.5 mg/Kg 102  90-110
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

QC Sample Results

Job ID: 500-172213-1

Method: 9014 - Cyanide (Continued)

Lab Sample ID: LCS 500-513080/3-A
Matrix: Solid
Analysis Batch: 513417

Client Sample ID: Lab Control Sample
Prep Type: Total/NA
Prep Batch: 513080

Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Cyanide, Total 5.00 534 mg/Kg 107 85-115
Lab Sample ID: LLCS 500-513080/4-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 513417 Prep Batch: 513080
Spike LLCS LLCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Cyanide, Total 2.00 2.10 mg/Kg 105  75.125

Lab Sample ID: MB 500-514241/1-A
Matrix: Solid
Analysis Batch: 514257

Method: 9034 - Sulfide, Acid soluble and Insoluble (Titrimetric)

Client Sample ID: Method Blank
Prep Type: Total/NA
Prep Batch: 514241

MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Sulfide <47 10 47 mg/Kg ~ 11/07/1920:27 11/08/19 01:50 1
Lab Sample ID: LCS 500-514241/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 514257 Prep Batch: 514241
Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Sulfide 207 182 mg/Kg N 88  80-120
Method: 9251 - Chlorine, Total
Lab Sample ID: MB 680-593500/1-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 593570 Prep Batch: 593500
MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Total Chlorine <0.020 0.020 0.020 % ~ 10/29/19 11:59 10/29/19 17:45 1
Lab Sample ID: LCS 680-593500/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 593570 Prep Batch: 593500
Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
Total Chlorine 0.990 0.776 % N 78  70-130
Lab Sample ID: 500-172213-1 MS Client Sample ID: M01-Above Water
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 593570 Prep Batch: 593500
Sample Sample Spike MS MS %Rec.
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits
Total Chlorine <0.020 0.201 0.163 % S 81  70-130
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QC Sample Results

Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Job ID: 500-172213-1

Method: 9251 - Chlorine, Total (Continued)

Lab Sample ID: 500-172213-1 MSD
Matrix: Solid
Analysis Batch: 593570

Client Sample ID: M01-Above Water
Prep Type: Total/NA
Prep Batch: 593500

Sample Sample Spike MSD MSD %Rec. RPD
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits RPD Limit
Total Chlorine <0.020 0.199 0.167 % S 84  70-130 2 40
Lab Sample ID: 500-172213-1 DU Client Sample ID: M01-Above Water
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 593570 Prep Batch: 593500

Sample Sample DU DU RPD
Analyte Result Qualifier Result Qualifier Unit D RPD Limit
Total Chlorine <0.020 <0.020 % kS NC 40

Method: SM 2710F - Specific Gravity, Density

Lab Sample ID: 500-172213-2 DU Client Sample ID: M01-Below Water
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 514221

Sample Sample DU DU RPD
Analyte Result Qualifier Result Qualifier Unit D RPD Limit
Specific Gravity 2.2521 2.24 NONE o 0.4
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Lab Chronicle

Job ID: 500-172213-1

Client Sample ID: M01-Above Water

Lab Sample ID: 500-172213-1

Date Collected: 10/22/19 10:45 Matrix: Solid
Date Received: 10/23/19 08:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
TCLP Leach 1311 513169 11/01/19 14:13 GCA TAL CHI
TCLP Analysis 8260B 20 513331 11/04/19 15:04 STW TAL CHI
TCLP Leach 1311 512951 10/31/19 12:15 GCA TAL CHI
TCLP Prep 3510C 513495 11/04/19 16:18 CMC TAL CHI
TCLP Analysis 8270D 1 513569 11/05/19 16:00 AJD TAL CHI
TCLP Leach 1311 512951 10/31/19 12:15 GCA TAL CHI
TCLP Prep 3010A 513182 11/01/19 15:45 BDE TAL CHI
TCLP Analysis 6010C 1 513587 11/05/19 02:00 EEN TAL CHI
TCLP Leach 1311 512951 10/31/1912:15 GCA TAL CHI
TCLP Prep T470A 513400 11/04/19 09:15 MJG TAL CHI
TCLP Analysis T470A 1 513622 11/05/19 07:59 MJG TAL CHI
Total/NA Analysis 1010A 1 513974 MS TAL CHI
(Start) 11/06/19 14:44
(End) 11/06/19 16:17
Total/NA Prep 9010B 513080 11/01/1910:15 MS TAL CHI
Total/NA Analysis 9014 1 513417 MS TAL CHI
(Start) 11/01/19 15:33
(End) 11/01/19 15:33
Total/NA Prep 9030B 514241 11/07/19 20:27 SJP TAL CHI
Total/NA Analysis 9034 1 514257 11/08/19 02:23 SJP TAL CHI
Total/NA Analysis 9045D 1 511852 TMS TAL CHI
(Start) 10/25/19 11:54
(End) 10/25/19 11:57
Total/NA Analysis 9095B 1 513953 SJP TAL CHI
(Start) 11/06/19 14:48
(End) 11/06/19 14:53
Total/NA Analysis Moisture 1 511702 10/24/19 08:55 LWN TAL CHI
Total/NA Analysis SM 2710F 1 514221 11/07/1917:18 PFK TAL CHI
Client Sample ID: M01-Above Water Lab Sample ID: 500-172213-1
Date Collected: 10/22/19 10:45 Matrix: Solid
Date Received: 10/23/19 08:30 Percent Solids: 97.0
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
Total/NA Prep 3541 513218 11/01/19 18:07 ACK TAL CHI
Total/NA Analysis 8082A 1 513231 11/02/19 08:01 BJH TAL CHI
Total/NA Prep 5050 593500 10/29/19 11:59 SM TAL SAV
Total/NA Analysis 9251 1 593570 10/29/19 17:45 SM TAL SAV
Client Sample ID: M01-Below Water Lab Sample ID: 500-172213-2
Date Collected: 10/22/19 11:05 Matrix: Solid
Date Received: 10/23/19 08:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
TCLP Leach 1311 513169 11/01/19 14:13 GCA TAL CHI
TCLP Analysis 8260B 20 513331 11/04/19 15:32 STW TAL CHI
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Lab Chronicle

Job ID: 500-172213-1

Client Sample ID: M01-Below Water

Lab Sample ID: 500-172213-2

Date Collected: 10/22/19 11:05 Matrix: Solid
Date Received: 10/23/19 08:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Factor Number or Analyzed Analyst Lab
TCLP Leach 1311 512951 10/31/19 12:15 GCA TAL CHI
TCLP Prep 3510C 513495 11/04/19 16:18 CMC TAL CHI
TCLP Analysis 8270D 1 513569 11/05/19 16:24 AJD TAL CHI
TCLP Leach 1311 512951 10/31/19 12:15 GCA TAL CHI
TCLP Prep 3010A 513182 11/01/19 15:45 BDE TAL CHI
TCLP Analysis 6010C 1 513587 11/05/19 02:04 EEN TAL CHI
TCLP Leach 1311 512951 10/31/19 12:15 GCA TAL CHI
TCLP Prep 7470A 513400 11/04/19 09:15 MJG TAL CHI
TCLP Analysis 7470A 1 513622 11/05/19 08:01 MJG TAL CHI
Total/NA Analysis 1010A 1 513974 MS TAL CHI
(Start) 11/06/19 16:17
(End) 11/06/19 17:50
Total/NA Prep 9010B 513080 11/01/19 10:15 MS TAL CHI
Total/NA Analysis 9014 1 513417 MS TAL CHI
(Start) 11/01/19 15:33
(End) 11/01/19 15:34
Total/NA Prep 9030B 514241 11/07/19 20:27 SJP TAL CHI
Total/NA Analysis 9034 1 514257 11/08/19 02:25 SJP TAL CHI
Total/NA Analysis 9045D 1 511852 TMS TAL CHI
(Start) 10/25/19 11:57
(End) 10/25/19 12:01
Total/NA Analysis 9095B 1 513953 SJP TAL CHI
(Start) 11/06/19 14:50
(End) 11/06/19 14:55
Total/NA Analysis Moisture 1 511702 10/24/19 08:55 LWN TAL CHI
Total/NA Analysis SM 2710F 1 514221 11/07/19 17:18 PFK TAL CHI
Client Sample ID: M01-Below Water Lab Sample ID: 500-172213-2
Date Collected: 10/22/19 11:05 Matrix: Solid
Date Received: 10/23/19 08:30 Percent Solids: 96.3
Batch Batch Dilution Batch Prepared
Prep Type Type Method Factor Number or Analyzed Analyst Lab
Total/NA Prep 3541 513218 11/01/19 18:07 ACK TAL CHI
Total/NA Analysis 8082A 1 513231 11/02/19 08:16 BJH TAL CHI
Total/NA Prep 5050 593500 10/29/19 11:59 SM TAL SAV
Total/NA Analysis 9251 1 593570 10/29/19 17:45 SM TAL SAV

Laboratory References:
TAL CHI = Eurofins TestAmerica, Chicago, 2417 Bond Street, University Park, IL 60484, TEL (708)534-5200
TAL SAV = Eurofins TestAmerica, Savannah, 5102 LaRoche Avenue, Savannah, GA 31404, TEL (912)354-7858
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Accreditation/Certification Summary

Job ID: 500-172213-1

Laboratory: Eurofins TestAmerica, Chicago

Unless otherwise noted, all analytes for this laboratory were covered under each accreditation/certification below.

Authority

Program

Identification Number

Expiration Date

Wisconsin

State Program

999580010

08-31-20

The following analytes are included in this report, but the laboratory is not certified by the governing authority. This list may include analytes for which

the agency does not offer certification.

Analysis Method

Matrix

Analyte

SM 2710F

Solid

Specific Gravity

Laboratory: Eurofins TestAmerica, Savannah
All accreditations/certifications held by this laboratory are listed. Not all accreditations/certifications are applicable to this report.

Authority Program Identification Number  Expiration Date
AFCEE SAVLAB
Alabama State 41450 06-30-20
Alaska State GA00006 06-30-20
Alaska (UST) State 17-016 09-30-20
ANAB Dept. of Defense ELAP L2463 09-22-22
ANAB DoD L2463 09-22-22
ANAB ISO/IEC 17025 L2463.01 09-22-22
ANAB ISO/IEC 17025 L2463.01 09-22-22
Arizona State AZ0808 12-14-19
Arkansas DEQ State 19-015-0 02-01-20
Arkansas DEQ State Program 88-0692 02-01-20
California State 2939 06-30-20
Colorado State GA00006 12-31-19
Connecticut State PH-0161 03-31-21
Florida NELAP E87052 06-30-20
GA Dept. of Agriculture State Program N/A 06-12-20
Georgia State E87052 06-30-20
Georgia State Program N/A 06-30-20
Georgia (DW) State 803 06-30-20
Guam State 19-007R 04-17-20
Hawaii State <cert No.> 06-30-20
Indiana State C-GA-02 06-30-20
lowa State 353 09-22-20
Kansas NELAP E-10322 10-15-20
Kentucky (DW) State KY90084 12-31-19
Kentucky (UST) State <cert No.> 06-30-20
Kentucky (UST) State Program 18 06-30-20
Kentucky (WW) State KY90084 12-31-19
Kentucky (WW) State Program 90084 12-31-19
Louisiana NELAP 02011 06-30-20
Louisiana (DW) State LA009 12-31-19
Maine State GA00006 09-26-20
Maryland State 250 12-31-19
Massachusetts State M-GA006 06-30-20
Massachusetts State Program M-GA006 06-30-20
Michigan State 9925 06-30-20
Mississippi State <cert No.> 06-30-20
Mississippi State Program N/A 06-30-20
Nebraska State NE-OS-7-04 06-30-20
Nebraska State Program TestAmerica-Savannah  06-30-20
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Client: TRC Environmental Corporation.
Project/Site: Wauleco - 189597.0008 P3T2

Accreditation/Certification Summary

Job ID: 500-172213-1

Laboratory: Eurofins TestAmerica, Savannah (Continued)
All accreditations/certifications held by this laboratory are listed. Not all accreditations/certifications are applicable to this report.

* Accreditation/Certification renewal pending - accreditation/certification considered valid.

Page 30 of 35

Authority Program Identification Number  Expiration Date
New Hampshire NELAP 2096 05-29-20
New Hampshire NELAP 2096 05-29-20
New Jersey NELAP GA769 06-30-20
New Mexico State GA00006 06-30-20
New York NELAP 10842 04-01-20
North Carolina (DW) State 13701 07-31-20
North Carolina (DW) State Program 13701 07-31-20
North Carolina (WW/SW) State 269 12-31-19
North Carolina (WW/SW) State Program 269 12-31-19
Oklahoma State 9984 08-31-20
Pennsylvania NELAP 68-00474 06-30-20
Puerto Rico State GA00006 01-01-20
South Carolina State 98001 06-30-20
Tennessee State 02961 06-30-20
Texas NELAP T104704185-19-13 11-30-19 *
Texas NELAP T1047004185-19-3 11-30-19
Texas TCEQ Water Supply T104704185 09-23-20
US Fish & Wildlife US Federal Programs LE058448-0 07-31-20
USDA US Federal Programs P330-18-00313 10-29-21
Virginia NELAP 10509 06-14-20
Washington State C805 06-10-20
West Virginia (DW) State 9950C 12-31-19
West Virginia (DW) State Program 9950C 12-31-19
West Virginia DEP State 094 11-30-19
Wisconsin State 999819810 08-31-20
Wyoming State 8TMS-L 06-30-20 *
Wyoming State Program 8TMS-L 06-30-16 *
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Eurofins TestAmerica, Chicago
2417 Bond Street

Chain of Custody Record

el fi
w3 euroting Environment Testing

University Park, L. 60484 - TestAmerica
Phone: 708-534-5200 Fax: 708-534-5211
. Sampler: -~ D . l Lab PM: Carrier Tracking No(s): COC No:

Client Information Jom Dwshely Fredrick, Sandie 500-76367-35477. 1

Client Contact: Phone: E-Mail: Page:

|Mr. Bruce lverson ( [ O{> foZb - 2eH4 l-' sandie.fredrick@testamericainc.com Page 1 of 1

(Company: Job #:
TRC Environmental Corporation. Analysis Requested /89597, 000
Address: Due Date Requested: Preservation Codes:
PO BOX 8923 A-HCL M - Hexane
City: TAT Requested (days): B - NaOH N - None
JMadison . C - Zn Acetate O - AsNa02
State, Zip: Norrmal D - Nitric Acid P - Na2048
537088023 T T T T o ] et - n et i S R My ey E-=NaHS04 ~ "~ Q=Na2S03 R
gl‘nisms 8923 T E-I F - MeOH R - Na25203
' : G - Amchlor S-H2504
Purchase Order Requested ~ /94895 M H-AscobicAcid  T- TSP Dodecahydrate
Email: WO #, = I-lce U - Acetone
biverson@trccompanies.com - 79913 COC f< - l:éiD vTv:ter % - MESAS
Project Name: Project #: 0 500-1722 - - pH4-5
Protocol B Wowlecs 50015049 3 L-EDA 2 - other (specify)
Site: SSOW#. - Other:
G S \}J S I)L:_
Matrix 500 - [ 13
(w=water, = \\\
S=solid,
Sample O=wastefoll, 3
Sample |dentification Sample Date Time BT=Ti Special Instructions/Note:
- 1% 0/ M|V
MO~ Above Watur az/19
id |V
Mol — Below MaXer \l/ //65 | & Solid MV
Possible Hazard Identification Sample Disposal ( A fee may be assessed if samples are retained longer than 1 month)
Non-Hazard Flammable Skin Irritant ] Poison B Unknown i~ Radiological Return To Client Disposal By Lab Archive For Months
Deliverable Requested: I, II, lll, 1V, Other (specify) Special Instructions/QC Requirements:
[Empty Kit Relinquished by: IDate: ITime; IMethod of Shipment:
Relinquished b@ Date/Time: Company @:i% 8 Date/Time; 0 Comp:
5.0 Junkde 1o/22/14 /600 A - iju /E/)i//q ¥30 | "TH
Relinquished by: Date/Time: Company Received by: \( Dat/Time: Company
Relinquished by: Date/Time: Company Received by: Date/Time: Company

Custody Seals Intact: |Custody Seal No.:

A Yes A No

Cooler Temperature(s) °C and Other Remarks:

Ll=2.]
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Login Sample Receipt Checklist

Client: TRC Environmental Corporation. Job Number: 500-172213-1

Login Number: 172213 List Source: Eurofins TestAmerica, Chicago
List Number: 1
Creator: Buckley, Paula M

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True

meter.

The cooler's custody seal, if present, is intact. True

Sample custody seals, if present, are intact. True

The cooler or samples do not appear to have been compromised or True

tampered with.

Samples were received on ice. True

Cooler Temperature is acceptable. True

Cooler Temperature is recorded. True 2.1
COC is present. True

COC is filled out in ink and legible. True

COC is filled out with all pertinent information. True

Is the Field Sampler's name present on COC? True

There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True

HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is N/A

<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A

Eurofins TestAmerica, Chicago
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Login Sample Receipt Checklist

Client: TRC Environmental Corporation.

Login Number: 172213
List Number: 2
Creator: Weston, Pamela

Job Number: 500-172213-1

List Source: Eurofins TestAmerica, Savannah

List Creation: 10/24/19 10:30 AM

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey N/A
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. True
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? N/A
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. N/A
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is N/A
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A

Eurofins TestAmerica, Chicago
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Appendix F
PCP Concentration and Mass Calculations

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation
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PCP Concentration and Mass Calculations

Table 4 and Appendix C includes the analyses of the cryogenic cores by Colorado State
University for several parameters to characterize the LNAPL and PCP concentrations within the
cores collected through, and slightly above and below, the residual phase LNAPL zone at
Wauleco. This appendix describes the methods to calculate the PCP concentration in LNAPL
and the mass of PCP present in the residual phase LNAPL and how the sample results are
incorporated into the analysis.

The cores from the seven cryogenic borings were cut into 127 separate samples of
approximately 1-inch thickness. Analytical results and calculations from these analyses are
shown in Table 4.

These 127 samples were used to complete:

m 126 analyses for TPH through GRO and DRO. Sample 731 in boring M02 was not analyzed
because of interference due to the presence of rocks.

m 125 analyses for PCP. Samples 721 in boring M01 and 731 in boring M02 were not analyzed
because of interference due to the presence of rocks.

m 123 analyses for methane. Samples 701 and 703 in boring M01, sample 731 in boring M02,
and sample 765 in boring M03 were not analyzed due to the presence of rocks.

m 118 samples for LNAPL saturation. Eight samples, in addition to those not analyzed for
TPH, were not presented because of the presence of rocks in the sample or running out of
sample volume.

m 122 samples for porosity. Samples 703, 706, and 714 in boring M01, 726 in boring M02, and
765 in boring M03 were not estimated due to rocks or other complications in the samples
interfering with getting reasonable values.

The results from these analyses were used to calculate the PCP concentration in LNAPL, which
is presented on Table 4 as PCP in LNAPL (%). The PCP concentration in LNAPL was calculated
for each sample that had LNAPL and detectable PCP. This was completed by dividing the mass
of PCP in a sample by the volume of LNAPL in that sample. These two values were calculated
using the following methods:

m  The mass of PCP in each sample with LNAPL present was calculated by multiplying the
PCP concentration by the sample thickness, a unit area, and a soil density of 1,800 kg/M?.

m  The volume of LNAPL present in a sample is calculated by multiplying the LNAPL
saturation by the porosity, the sample thickness, and a unit area.

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation F-1
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Dividing the mass of PCP in LNAPL in each sample by the volume of LNAPL in each sample
results in a concentration of PCP in LNAPL, with the appropriate conversions, in mg/L.

Presenting this concentration in percent on a weight by weight basis requires dividing the

concentration in mg/L by the density of the LNAPL, which is estimated as 800 g/L (or a specific

gravity of 0.8).

The estimated PCP concentration in LNAPL ranged from 0% to 2.3%, with the exception of a

few samples. These samples and how the results are handled are as follows:

Sample IDs 706 and 707 had relatively high PCP concentrations (344 mg/kg and 71 mg/kg,
respectively) relative to their LNAPL saturations (0.07% and 0.12%, respectively). Dividing
the high PCP concentration by the low LNAPL volume results in a concentration that is
unreasonable or impossible. The calculation for Sample 706 would suggest that there is
more PCP mass than the mass of LNAPL, so that its PCP concentration is greater than 100%
PCP. Similarly, sample ID 707 showed a concentration of 26% PCP. These results show
that there is PCP adsorbed into the soil with very little LNAPL present. Therefore, these
values are not representative of PCP in LNAPL and, therefore, are not used in the PCP
statistics shown on Table 4 and presented in Section 5.

The PCP concentration in Sample ID 720 was 141 mg/kg, but had substantially more
LNAPL saturation (0.41%) than samples 706 and 707. This sample’s PCP concentration in
LNAPL would be 9.98% PCP. This is the value used in Table 4. However, this is an outlier,
compared to the vast majority of the results, and is expected to be an overestimate of the
PCP concentration in LNAPL.

Sample ID 770 resulted in a PCP concentration in LNAPL of 15%, because it had a very low
LNAPL saturation (0.003%). A small error in the LNAPL saturation would result in a large
change in the PCP concentration in LNAPL. Therefore, the PCP concentration in LNAPL is
very uncertain, and is excluded from the statistics for the PCP concentration in LNAPL
presented in Table 4.

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation F-2
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Appendix G
Fine-grained Soils in the
Residual Phase LNAPL Zone

TRC Environmental Corporation | Wauleco, Inc.
Technical Memorandum — Residual Phase LNAPL Investigation
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Fine-grained Soils in the Residual Phase LNAPL Zone

Fine-grained soils present significantly different fluid and contaminant retention properties than
coarse grained soils. As presented in Section 5 of this report, the fine-grained soils present within the
residual phase LNAPL zone are shown to have significantly different LNAPL and PCP characteristics
than the sand and gravel soils. Therefore, the distribution of these fine-grained soils within the
residual phase LNAPL smear zone in the vicinity of boring M01 are presented in this appendix.

The coarse-grained soil deposits at Wauleco originated from deposition from glacial outwash in
the Wisconsin River bedrock valley. Therefore, the bulk of the soils are medium to coarse grained
sand and gravel deposits. This is clearly illustrated in the boring logs presented in Appendix G-1.
However, fine-grained deposits of silt and sandy silt are expected within the sand and gravel
deposits. Typically, the fine-grained material is carried downstream, but some fine-grained
material may be deposited as overbank or bar deposits in an outwash deposit. Even when
deposited, the high energy outwash environment will generally erode these fine-grained deposits
before accumulating more sand and gravel. However, some fine-grained deposits can be retained,
and occur typically as isolated lenses of finer grained soils within the sand and gravel matrix.

The boring logs in the vicinity of boring M01 were reviewed to identify fine-grained soils that may
occur within the residual phase LNAPL smear zone. Table G-1 summarizes the review of the boring
logs shown on Figure G-1. The ground surface elevation and the source is shown on Table G-1.
Many of the boring logs did not include their surface elevation, therefore, the surface elevation, at the
time of the boring, is estimated based on a 2012 LIDAR topographic survey map. While those surface
elevations are approximate, the lack of fine-grained soils in the proximity of the residual phase
LNAPL elevation reduces the importance of accurate ground surface elevations for this purpose.

The borings were screened as follows:

m  Did the boring extend through the elevation of the residual phase LNAPL (see column
Does Borehole Extend Into Smear Zone).

m  Reviewed the boring logs for the presence of a fine-grained soil unit on the boring (see
Table G-1 column Is Silt Or Clay Present As Primary Soil Component). The soil description
for those borings with silt, sandy silt, clay, silty clay, etc. are shown on Table G-1.

m  The depths and elevations of these units are presented in Table G-1.

m  The final steps of this evaluation were to identify whether any of the fine-grained soil units
were present within the LIF peak (i.e., the extent of the LIF detected residual phase LNAPL).

As shown on Table G-1, out of the 84 borings surveyed, only 1 boring, W70B, showed a fine-
grained soil unit within the residual phase LNAPL interval. As shown on Figure G-1, boring
WY70B is surrounded with numerous other borings where no fine-grained soil units were recorded.

TRC Environmental Corporation | Wauleco, Inc.
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Table G-1

Boring Logs Review for Silt or Clay in LIF Residual Phase LNAPL Zone

ELEVATION [ EXTEND INTO WITHIN
GROUND OF SMEAR ZONE? | IS SILT OR CLAY | DEPTH TO | DEPTH TO GENERALIZED
NUMBER SURFACE |NOTES ON GROUND BOREHOLE | BOREHOLE | (Generalized as PRESENT AS TOP OF [BOTTOMOF| TOPOF |BOTTOMOF| LIF LNAPL SILT/CLAY ELEVATION
OF LOCATION ELEVATION SURFACE NOTES ON DEPTH BOTTOM less than Elev. PRIMARY SOIL | SILT/CLAY | SILT/CLAY FINES FINES INTERVAL COMPARED TO NOTES ON SOIL TYPE(S) WITHIN
BORINGS ID EASTING | NORTHING | (ft. MSL) ELEVATION' BORING LOG (ft bgs) (ft) 1165 ft) COMPONENT? (ft bgs) (ft bgs) | ELEVATION | ELEVATION | (1157 to 1165) SPECIFIC LIF PEAK GENERALIZED LIF INTERVAL

1 B-100 2062608 | 406974 1187.38 [From topo 44 11434 Yes No

2 B-101 2062571 406975 1190.00 |Est. Pre-Mound 34 1156.0 Yes silt, some sand 33.6 34 1156.4 1156 No

(top depth
estimated)

3 B-102 2062585 | 406999 1187.71 |From topo 35 1152.7 Yes No

4 B-103 2062632 | 407012 1187.39 [From topo 50 1137.4 Yes No

5 B-104 2062645 | 407026 1187.36 [From topo 36 11514 Yes No

6 B-105 2062607 | 406999 1187.52 [From topo 35 1152.5 Yes No

7 B-106 2062623 | 406983 1187.30 [From topo 36 1151.3 Yes No

8 B-200 2062627 | 407027 1187.51 [From topo 39 1148.5 Yes No

9 B-201 2062632 | 407027 1187.47 [From topo 36.5 1151.0 Yes No

10 B-202 2062637 | 407026 1187.43 [From topo 39 1148.4 Yes No

11 B-203 2062642 | 407026 1187.38 [From topo 39 1148.4 Yes No

12 B-204 2062627 | 407022 1187.48 [From topo 39 1148.5 Yes No

13 B-206 2062637 | 407022 1187.40 [From topo 39 1148.4 Yes No

14 B-207 2062642 | 407021 1187.36 [From topo 39 1148.4 Yes No

15 B-208 2062627 | 407017 1187.46 [From topo 39 1148.5 Yes No

16 B-209 2062632 | 407017 1187.42 [From topo 39 1148.4 Yes No

17 B-210 2062637 | 407017 1187.37 [From topo 39 1148.4 Yes No

18 B-211 2062641 | 407016 1187.33 [From topo 39 1148.3 Yes No

19 B-213 2062631 | 407012 1187.39 [From topo 39 1148.4 Yes No

20 B-214 2062636 | 407012 1187.35 [From topo 39 1148.3 Yes No

21 B-215 2062641 | 407012 1187.31 [From topo 39 1148.3 Yes No

22 B-216 2062616 | 406999 1187.44 [From topo 39 1148.4 Yes No

23 B-219 2062568 | 406973 1187.72 [From topo 39 1148.7 Yes No

24 B-220 2062609 | 406975 1187.38 [From topo 36.5 1150.9 Yes No

25 B-221 2062652 | 406984 1187.07 [From topo 315 1155.6 Yes No

26 B-222 2062652 | 407013 1187.23 [From topo 36.5 1150.7 Yes No

27 B-223 2062654 | 406983 1187.05 [From topo 36.5 1150.6 Yes No

28 B-300 2062570 | 406976 1187.72 |From topo 34 1153.7 Yes No

29 B-301 2062653 | 406984 1187.06 [From topo 34 1153.1 Yes No

30 B-302 2062652 | 407014 1187.24 [From topo 34 1153.2 Yes No

31 B-305 2062632 | 407022 1187.44 [From topo 37 1150.4 Yes No

32 B-400 2062774 | 406827 1185.62 [From topo 29 1156.6 Yes No

33 B-401 2062817 | 406827 1185.28 [From topo 29 1156.3 Yes No

34 B-402 2062753 | 406741 1185.69 [From topo 29 1156.7 Yes No

35 B-403/W-33 2062821 | 406809 1185.20 [From topo 35.5 1149.7 Yes No

36 B-404/W-34 2062878 | 406850 1184.85 [From topo 33 1151.8 Yes No

37 B-405 2062936 | 406871 1184.40 (From topo 27 1157.4 Yes No

38 B-406 2062984 | 406952 1184.34 [From topo 27 1157.3 Yes No

39 B-407 2062984 | 407021 1184.47 (From topo 28.5 1156.0 Yes No
40 B-408 2062983 | 407103 1184.52 [From topo 29 1155.5 Yes No
41 B-409 2062959 | 407189 1184.79 [From topo 27 1157.8 Yes No
42 B-500 2062573 | 406974 1195.78 [Historical Info 34 1161.8 Yes No
43 B-501 2062633 | 406962 1195.97 [Historical Info 32 1164.0 Yes silty clay, some 21.5 23 1174.4699 | 1172.9699 No

medium sand
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Table G-1
Boring Logs Review for Silt or Clay in LIF Residual Phase LNAPL Zone

ELEVATION | EXTEND INTO WITHIN
GROUND OF SMEAR ZONE? | IS SILT OR CLAY | DEPTH TO | DEPTH TO GENERALIZED
NUMBER SURFACE |NOTES ON GROUND BOREHOLE | BOREHOLE | (Generalized as PRESENT AS TOP OF [BOTTOMOF| TOPOF |BOTTOMOF| LIF LNAPL SILT/CLAY ELEVATION
OF LOCATION ELEVATION SURFACE NOTES ON DEPTH BOTTOM less than Elev. PRIMARY SOIL | SILT/CLAY | SILT/CLAY FINES FINES INTERVAL COMPARED TO NOTES ON SOIL TYPE(S) WITHIN
BORINGS ID EASTING | NORTHING | (ft. MSL) ELEVATION' BORING LOG (ft bgs) (ft) 1165 ft) COMPONENT? (ft bgs) (ft bgs) | ELEVATION | ELEVATION | (1157 to 1165) SPECIFIC LIF PEAK GENERALIZED LIF INTERVAL
44 B-502 2062637 | 407003 1196.54 [Historical Info 34 1162.5 Yes silty clay, some 21 27 1175.544 | 1169.544 No LO2 and LO3 LIF peaks are in
fine sand elevation range 1160-1165. This
does not overlap with fine
grained soils.
45 B-900 2062903 | 406992 1185.11 [From topo 31 1154.1 Yes silty clay 30.5 31 1154.6071 | 1154.1071 No
46 B-901 2062845 | 407034 1185.75 [From topo 23 1162.7 Yes No
47 B-903 2062768 | 407041 1186.45 [From topo 31 1155.4 Yes silty clay 30.5 31 1155.9452 | 1155.4452 No
48 B-904 2062772 | 406851 1185.69 [From topo 31 1154.7 Yes silty clay 29 31 1156.6889 | 1154.6889 No
49 B-1000 | 2062585 | 406930 1185.42 [Survey 25 1160.4 Yes No
50 B-1001 | 2062675 | 406908 1185.38 [Survey 25 1160.4 Yes No
51 B-1002 | 2062604 | 406961 1185.38 [Survey 25 1160.4 Yes No
52 B-1003 | 2062559 | 407040 1193.04 ([Survey 30 1163.0 Yes No
53 B-1004 | 2062561 | 406997 1192.02 [Survey 30 1162.0 Yes No
54 B-1005 | 2062509 | 406991 1190.87 [Survey 32 1158.9 Yes No
55 B-1006 | 2062544 | 407086 1192.83 [Survey 30 1162.8 Yes No
56 B-1007 | 2062547 | 407147 1191.88 [Survey No day on log 30 1161.9 Yes No
57 B-1008 | 2062509 | 406792 1193.10 [Survey 32 1161.1 Yes No
58 B-1009 | 2062546 | 406832 1191.26 [Survey 30 1161.3 Yes No
59 B-1100 | 2062558 | 406963 1191.24 [Survey blind drilled to 37 1154.2 Yes No
10 ft
60 B-1101 | 2062650 | 406984 1195.51 [Survey 34 1161.5 Yes No
61 B-1104 | 2062625 | 407048 1192.59 ([Survey blind drilled to 31 1161.6 Yes No
10 ft
62 B-1105 | 2062579 | 407087 1191.49 (Survey 37 1154.5 Yes No
63 B-1106 | 2062584 | 407062 1192.86 |[Survey blind drilled to 37 1155.9 Yes No
10 ft
64 B-1106 | 2062602 | 407043 1192.86 |[Survey blind drilled to 37 11565.9 Yes No
10 ft
65 B-1107 | 2062583 | 407042 1193.30 [Survey 30 1163.3 Yes sandy SILT, 21 26 1172.3 1167.3 No
little gravel
66 B-1108 | 2062607 | 407042 1193.26 [Survey 35 11568.3 Yes No
67 B-1109 | 2062622 | 406997 1196.92 [Survey 35 1161.9 Yes No
68 PW-04 | 2062908 | 407079 1188.00 [From topo 47 1141.0 Yes silt and clay, 34 47 1154 1141 No sand and gravel, trace silt (25.5-
some sand 34)
69 PW-05 | 2062914 | 406905 1186.93 [From topo 52 1134.9 Yes silt and clay, 34.5 52 1152.43 1134.93 No sand and gravel, trace silt (25-
some sand 34.5)
70 PW-13 | 2062854 | 407121 1189.70 (1189.7 on boring 37 1152.7 Yes silty clay 36 37 1153.7 1152.7 No sand with some gravel and little silt
log, 1190.0 on (25-30), sand/gravel with little silt
well log and clay (30-32.5)
71 PW-18 | 2062903 | 407138 1187.64 |[From topo 35 1152.6 Yes 34 35 1153.64 1152.64 sand with silt/gravel (1-34)
72 PW-19 | 2062810 | 407028 1188.62 [From topo 36 1152.6 Yes clay 35-36 35 36 11563.62 1152.62 No sand with silt/gravel (6-24)
73 PW-21 | 2062864 | 406998 1187.69 [From topo 37 1150.7 Yes clay 35.5-37 35.5 37 1152.19 1150.69 No sand with silt/gravel (6-35.5)
74 PW-22 | 2062869 | 406937 1189.80 [From topo 38 1151.8 Yes No
75 WO1A 2062433 | 407203 1191.61 [From topo log notes to 50 1141.6 Yes No sand and gravel, trace silt (0-50)
refer to W1B
for 50-58
76 W01B 2062431 | 407204 1192.39 [From topo 58 1134.4 Yes No sand and gravel, trace silt (0-50)
from WO1A log
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Table G-1

Boring Logs Review for Silt or Clay in LIF Residual Phase LNAPL Zone

ELEVATION | EXTEND INTO WITHIN
GROUND OF SMEAR ZONE? | IS SILT OR CLAY | DEPTH TO | DEPTH TO GENERALIZED
NUMBER SURFACE |NOTES ON GROUND BOREHOLE | BOREHOLE | (Generalized as PRESENT AS TOP OF [BOTTOMOF| TOPOF |BOTTOMOF| LIF LNAPL SILT/CLAY ELEVATION
OF LOCATION ELEVATION SURFACE NOTES ON DEPTH BOTTOM less than Elev. PRIMARY SOIL | SILT/CLAY | SILT/CLAY FINES FINES INTERVAL COMPARED TO NOTES ON SOIL TYPE(S) WITHIN
BORINGS ID EASTING | NORTHING | (ft. MSL) ELEVATION' BORING LOG (ft bgs) (ft) 1165 ft) COMPONENT? (ft bgs) (ft bgs) | ELEVATION | ELEVATION | (1157 to 1165) SPECIFIC LIF PEAK GENERALIZED LIF INTERVAL
77 W05 2062852 | 407089 1188.08 [From topo 41.5 1146.6 Yes clay (unclear if 38 41.5 1150.08 1146.58 No
there may also
be sand/silt)
78 w17 2063192 | 407155 1185.50 [From topo 35.5 1150.0 Yes clayey silt, 33 35.5 1152.5 1150 No sand and gravel, trace silt (8-33)
some sand
79 W25 2062437 | 406952 1192.00 [From topo 46.5 1145.5 Yes No sand, trace/little gravel, trace silt
80 w30 2062908 | 407084 1188.20 [From topo 37 1151.2 Yes 41.5 41.5 1146.7 1146.7 sand and gravel, trace silt (8-33)
81 w34 2062888 | 406849 1188.54 [From topo 33 1155.5 Yes No sand, trace gravel (22.5-33)
82 W35 2062767 | 407086 1189.34 [From topo 40 1149.3 Yes clay 36.5-40 36.5 40 1152.84 1149.34 No sand with silt/gravel/clay (29-25)
83 W41 2062993 | 406527 1182.54 [From topo 35 1147.5 Yes No sand, trace to little gravel
84 W70B 2062640 | 407022 1197.8 |From Boring Log 47 1150.8 Yes silty clay 35- 35 425 1162.8 1155.3 Yes LO2 and LO3 LIF peaks are in silty clay with gravel (35-37.5), silty
37.5, sandy silt elevation range 1160-1165, sand (37.5-40), silt (40-42.5)
40-42.5 which overlaps with the upper
part of the silty clay interval
Notes:

1. Ground surface elevations noted as "From Topo" is based on LIDAR survey data provided by Marathon County, 2012. Elevations noted as "Survey" is from survey information provided in the report with the boring log.

Prepared by: L. Auner
Checked by: S. Sellwood
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