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1.0 PROJECT BACKGROUND

1.1 Introduction

Under the direction of the Naval Facilities Engineering Command, Mid-Atlantic (NAVFAC MIDLANT),
Resolution Consultants is supporting the Navy with environmental activities at Naval Weapons
Industrial Reserve Plant (NWIRP) Bethpage. This Treatability Study Summary Report is associated
with the Contract Task Order (CTO) WEO8 Modification 05, under the Comprehensive Long-Term
Environmental Action Navy (CLEAN) program. This summary report presents the results of a
treatability study that was completed to evaluate the effectiveness of hot water flushing (to
simulate low temperature steam extraction) and high temperature steam extraction in meeting the
Site 4 cleanup goals presented in the Proposed Plan (NAVY 2014) and Record of Decision.
The treatability study was completed in accordance with the Treatability Study Work Plan
(Resolution Consultants, 2015) and evaluated the effectiveness of recovering Non Aqueous
Phase Liquid (NAPL), meeting the soil clean-up levels, and reducing the potential for contaminants
to leach to groundwater.

1.2 Site 4 Background

Site 4 is located on a 9-acre parcel being retained by the Navy to complete environmental
investigation and remediation. Site 4 is located south of Plant No. 3 between Plant No. 3 and
Building 03-35 (Figure 1). Environmental concerns were first identified at Site 4 during a
1997 investigation by Northrup Grumman Corporation that identified former underground
storage tanks and petroleum contaminated soil in the area. The underground storage tanks
reportedly contained No. 6 Fuel Oil, and were removed between 1980 and 1984. Since then,
petroleum-contaminated soil and semi-solid petroleum NAPL have been identified above and below
the water table (approximately 50 feet below ground surface [bgs]) between approximately 20 and
73 feet bgs.

The Navy evaluated remedial alternatives for the Site in a Feasibility Study/Corrective Measures
Study (TT NUS 2013). Steam Injection with NAPL Recovery was selected as the preferred remedy
in the Proposed Plan (NAVY 2014).

The Navy conducts its environmental cleanup work for the former NWIRP Bethpage (including
Site 4) under Comprehensive Environmental Response Compensation and Liability Act (CERCLA)
and the Defense Environmental Restoration Program. The Navy is the lead agency for the CERCLA
cleanup. The New York State Department of Environmental Conservation (NYSDEC), with
assistance from the New York State Department of Health, is the lead state agency providing
regulatory consultation to the Navy.

1-1
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1.3

Objectives

The treatability test was completed to evaluate the effectiveness of the use of steam technologies

to recover NAPL, meet the soil clean-up levels, and reduce the potential for contaminants to

leach to groundwater. The objectives of the treatability study were as follows:

1.4

To determine the effectiveness of hot water flushing (—140°F) to remove NAPL and reduce
the concentration of contaminates of concerns.

To determine the effectiveness of steam enhanced extraction (—212°F) to remove NAPL and
reduce the concentration of contaminates of concerns.

Understand NAPL characteristics (density, viscosity, surface tension) over a range of
temperatures.

Understand the leaching potential of Polycyclic Aromatic Hydrocarbons (PAHs) following the
bench-scale thermal simulations.

Approach

This treatability study was completed to collect data needed to complete the remedial design of

the preferred remedial alternative which includes steam injection and NAPL recovery to treat

impacted soils. The completed scope of work is summarized herein and included the following:

Collection of the Bulk Soil Sample — Advancement of soil boring SITE4TS-SB1 to assess
subsurface conditions and collect analytical samples and bulk soil for treatability testing.

Completion of the Treatability Study — Treatability testing was performed by
Kemron Environmental Services (Kemron) under the direction of TerraTherm, Inc.
(TerraTherm) under Resolution Consultants subcontract and direction. Treatability testing
included hot water flushing and steam enhanced extraction testing. Also, NAPL properties
related to subsurface and bulk transport were evaluated.

1-3
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2.0 FIELD BULK SAMPLE COLLECTION
The scope of work completed to collect the bulk soil sample included:

o Location of Utilities

o Mobilization

. Installation of one soil boring and collecting bulk soil for treatability testing
. Implementation of the Community Air Monitoring plan (CAMP)

. Management of investigation derived waste

. Equipment decontamination and demobilization

Each of these activities is summarized in sections below.

2.1  Mobilization

Resolution Consultants subcontracted Cascade Drilling, L.P. (Cascade) to complete the soil boring.
Cascade, under the direction of Resolution Consultants, mobilized to site on 3 June 2015.
Cascade unloaded materials and equipment, cordoned off the driling area, and set up a
temporary decontamination pad.

2.2  Location of Utilities

Prior to mobilization, Cascade contacted New York One Call Center and utilities were located within
the right of way. Resolution Consultants subcontracted Advanced Geologic Services to locate
utilities on Navy owned property. Advanced Geologic Services located onsite utilities on
2 June 2015.

2.3  Soil Boring Installation
Cascade drilled one soil boring, SITE4TS-SB1, to a depth of 70 feet bgs using
Rotosonic drilling techniques. The soil boring was installed at the location shown on Figure 2.

Cascade hand cleared the location for the first 5 feet of boring depth. The soil boring was advanced
through predominately well graded sand with gravel. Visual contamination was observed as
shallow as 22.1 feet bgs and as deep as 62.5 feet bgs. A continuous soil core was retrieved from
the soil boring and continuously logged. Soils were screened for volatile organic compounds (VOCs)
utilizing a photoionization detector and each 5 feet of soil core was photo logged.
Visual contamination consisted predominantly of soil coated with a petroleum-like material.
Petroleum saturation was only identified in a one foot thick lense between 60 and 61 feet bgs. A
boring and photo log of SITE4TS-SB1 is provided in Appendix A and Appendix B, respectively. A
bulk soil sample was collected from the most visually impacted intervals. Table 2-1 summarizes the
visual impacts.

2-1
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Table 2-1
Summary of Visual Impacts
Depth Included in| Depth Included in
Interval Observed Visual Bulk Interval Observed Bulk
(feet bgs) Impact Sample (feet bgs) Visual Impact Sample
0-5 None No 35-40 Lightly petroleum coated No
5-10 None No 40-45 None No
10-15 None No 45-50 Lightly petroleum coated No
15-20 None No 50-55 Petroleum coated No
20-25 ;Stio;e; :J;(:to E\;id from No 55-60 Lightly to heavily petroleum coated Yes
Heavily coated with petroleum to 62.5 feet bgs
25-30 Petroleum coated No 60-65 |with a 1 foot band of petroleum saturation Yes
from 60-61 feet bgs.
30-35 Heavily petroleum Yes 65-70 None No
coated
Note:
bgs = below grounds surface

Following completion of the soil boring, the borehole was abandoned by grouting the borehole
with a Volclay bentonite slurry. The slurry was installed from the bottom of the borehole using a
tremie pipe. The borehole was patched with soil to restore the surface.

2.4  Collecting Bulk Soil for Treatability Testing

Approximately 1 cubic foot of soil from the most visually impacted soils (i.e., 60-65 feet bgs) were
collected, homogenized, and shipped to Kemron for conducting the treatability study. Soils were
homogenized so that each of the four bench tests described in Section 3.0 would contain similar
soils which would provide for a better comparison of results upon conclusion of the tests.
Resolution Consultants collected a baseline sample of the homogenized impacted soil prior to
shipment. The sample was shipped to Katahdin Analytical Laboratories for analytical testing.
Analytical testing results are discussed in Section 3.0.

2.5 Collecting NAPL for Property Testing

Approximately 1 liter of NAPL from monitor well MW-02 was collected using a weighted bailer and
improvised steel pipe sections. NAPL was transferred to glass sample bottles and shipped to
Kemron and PTS Laboratories for property testing. NAPL property testing results are discussed in
Section 3.0.

2.6 Community Air Monitoring Plan

During soil sample collection, a CAMP was implemented to monitor dust and VOCs in accordance
with NYSDEC requirements. The data collected during CAMP showed there were no exceedances
of regulatory criteria for dust or VOCs.

2-3
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2.7 Management of Investigation Derived Waste

Investigative derived waste generated during the drilling event was placed with and will be
disposed of with waste generated as part of ongoing Operable Unit 2 (OU-2) investigative work.
Cascade containerized any decontamination water and transferred it to the on-site frac tank used
for Investigation Derived Waste. The most impacted soil core interval was collected and was used
for bench testing.

2.8 Equipment Decontamination and Demobilization

Cascade decontaminated their drilling equipment using a pressurized steam cleaner at the
decontamination pad that is set up as part of the ongoing work at OU-2 adjacent to the
drum storage pad. All equipment was cleaned up and removed from the site. Cascade demobilized
on 4 June 2015.

2.9 Analytical Sampling
Analytical samples were collected as shown on Tables 2-2 and 2-3.

Table 2-2
Summary of Soil Analytical Samples
SPLP Metals
VOCs SVOCs TAL Metals SPLP VOCs SPLP SVOCs 1312/6010C/
8260C 8270D 6010C/7471B 1312/8260C 1312/8270D 7470A
Field Sampling
Field Baseline X X X X X X
Field Duplicate X X X X X X
Aqueous Field Blank X X X X X X
Aqueous Equipment X X X X X X
Blank
Agueous Trip Blank! X X X X X X
Hot Water Flushing Test
Column 1 (24 hours) X X X X
Column 2 (48 hours) X X X X
Column 1 (24 hours) X X X X
Column 2 (48 hours) X X X X
Aqueous Trip Blank! XX XX XX XX
Steam Enhanced Extraction Test
Column 1 (24 hours) X X X X
Column 2 (48 hours) X X X X
Column 1 (24 hours) X X X X
Column 2 (48 hours) X X X X X X
Aqueous Trip Blank! XX XX XX XX XX XX
Notes:
VOC = Volatile Organic Compound
SvVoC = Semi-Volatile Organic Compound
TAL = Target Analyte List
SPLP = Synthetic Precipitation Leaching Procedure

Trip blanks were sent with every shipment to the laboratory.
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Table 2-3
Summary of Aqueous Analytical Samples
VOCs SVOCs TAL Metals
8260C 8270D 6010/7470A
Leachate Samples
HWEF Column 2 — First Flush X X X
HWF Column 2 — Final Flush X X X
Notes:
HWF = Hot Water Flushing
VOC = Volatile Organic Compound
svoc = Semi-Volatile Organic Compound
TAL = Target Analyte List

Trip blanks were sent with every shipment to the laboratory.

The laboratory performed all of the internal quality control procedures specified in the Standard
associated with the laboratory test. Quality control procedures for sample handling and
documentation are described in the applicable American Society for Testing and Materials
(ASTM) Standards.

All data was reviewed by the Project Chemist or CTO Manager upon receipt to ensure completeness
and compliance with project objectives. Formal data validation was not performed.

2.10 Bench Testing
The following sections summarize the bench tests performed by TerraTherm.
TerraTherm’s Treatability Study Report is attached in Appendix C.

Evaluation of NAPL Properties
NAPL samples were collected from MW-02 and analyzed for density as a function of temperature
(ASTM D7263 mod), viscosity as a function of temperature (ASTM D445), as well as surface and
interfacial tension as a function of temperature (ASTM D971). In addition, the flash point of the
NAPL sample was also determined.

Evaluation of Soil Properties

The moisture content, bulk density and specific gravity of the soil sample were measured. These
measurements were used to calculate the porosity of soil. The calculated porosity was used to
prepare the soil columns for the hot water flushing and steam enhanced extraction tests. The
porosity values were also used to determine the amount of water needed for the 15 and
30 pore volume (PV) flushes and the amount steam needed for 2 and 6 PV flushes.

2-5
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Low Temperature Steam Extraction/Hot Water Flushing Test

Under the direction of Resolution Consultants, TerraTherm and Kemron conducted the Hot Water
Flushing Test as described in Appendix C. Hot water (—~140°F/~50°C) was used to simulate
treatment with low temperature steam. Two soil columns were set up as presented in Appendix C.
Baseline samples of the material that went into each column were collected for VOCs, Semi-Volatile
Organic Compound (SVOCs), and Synthetic Precipitation Leaching Procedure (SPLP) analysis. The
soil column temperature was maintained at 140°F for each test using temperature controlled ovens
and thermocouples. The initial test was run until 30 PV were flushed. The second column, or
intermediate test, was run 15 PV flush in order to generate data at an intermediate interval.
Two columns were necessary to obtain intermediate data because the columns could not be
sampled mid test without disturbing the core and compromising the test. For each test,
temperature was recorded at 1 hour intervals. NAPL release was monitored, including recording
the volume of NAPL recovered and conducting a visual inspection of NAPL properties. The amount
of PVs flushed during treatment was also recorded.

At the conclusion of the tests, the soil columns were allowed to reach ambient temperature
before sampling for VOCs, SVOCs, Target Analyte List (TAL) metals, and SPLP analysis. The
treated soil was also extruded from the columns and inspected and photo documented. The photos
are included in Appendix C. The visual inspection included an evaluation of the presence of NAPL.
The liquid that discharged from the column during the first flush and the final flush was
containerized and sampled for VOCs, SVOCs, and TAL metals.

Steam Enhanced Extraction Test

Under the direction of Resolution Consultants, TerraTherm and Kemron conducted the
Steam Enhanced Extraction Test are described in Appendix C. The soil column temperature was
maintained at approximately 212°F (—~100°C) wusing temperature controlled ovens and
thermocouples in replicate high temperature steam extraction. Two soil columns were set up as
presented in Appendix C. Baseline samples of the material that went into each column were
collected for VOCs, SVOCs, and SPLP analysis. One column was flushed with steam for 2 PV. This
test simulated a typical steam injection that would be suitable for removal of NAPL and
volatile chemicals. The second test was conducted for approximately 6 PV flushes. This test
simulated a typical steam injection that would be suitable for the removal of NAPL, volatile, and
semi-volatile chemicals. Pressure cycling (letting steam pressure build in the soil column, releasing
the pressure, and repeating this cycle) was begun when steam was observed at the column outlet.
Pressure cycling continued until the PV flushes were complete. The intent of the pressure cycling
was to remove additional NAPL. During pressure cycling, the soil column temperature was
maintained at approximately 212°F (—~100°C).

2-6
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Two columns were necessary to obtain intermediate data because the columns cannot be
sampled without disturbing the tests; the 2 PV columns provided the intermediate results.
For each test, temperature was recorded at 1 hour intervals. NAPL release was monitored, the
volume of NAPL recovered was recorded, and a visual inspection of NAPL properties was
conducted. The number of PVs flushed during each column test was also recorded.

At the conclusion of the tests, the soil columns were allowed to reach ambient temperature before
sampling for VOCs, SVOCs, TAL metals, and SPLP analysis. The soil was also extruded from the
columns and visually inspected and photo documented. The visual inspection included an
evaluation of the presence of NAPL and a determination of the percent saturation of the PV by the
stream was made.
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3.0 TREATABILITY TESTING RESULTS
The results of the treatability testing including NAPL properties, hot water flushing and
steam enhanced extraction are presented below.

3.1 NAPL Properties
The properties of NAPL sample collected from MW-02 are summarized in Table 3-1.

Table 3-1
Summary of NAPL Properties
Parameter Unit Result
Density
24°C g/cc 0.9854
50°C g/cc 0.9719
90°C g/cc 0.9439
Viscosity
24°C Centipoise 120,000
50°C Centipoise 1,000
90°C Centipoise 93.1
Interfacial Tension
24°C Dynes/cm 35.7
50°C Dynes/cm 30.6
66°C Dynes/cm 29.1
Flash Point °C 40.6

The NAPL property results show that NAPL is viscous and will resist flow at ambient conditions.
To enhance recovery and transport of NAPL, the temperature of NAPL will need to be greater than
90°C (~194°F). At lower temperatures, NAPL stuck to bench testing equipment and
coated surfaces with NAPL requiring use of toluene as solvent to clean equipment at the end of the
bench test. The density data show that the density of the NAPL remained lower than that of water
at each of the temperatures tested. The interfacial tension data show NAPL has a lower interfacial
tension than water (72 dynes/cm at 25 °C), indicating a potential for NAPL to form droplets that
can agglomerate to form a separate NAPL layer.

3.2  Soil Properties
Table 3-2 summarizes the soil properties; porosity and PV calculations are presented in Appendix C.

3-1
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Table 3-2
Untreated Soil Physical/Geotechnical Data
SAMPLE
Testing Parameter Test Method Unit Site 4TS-FB
Moisture Content ASTM D2216
ASTM Moisture Content (modified)* % 13.50
Percent Solids % 88.10
Bulk Unit Weight ASTM D7263 pcf 129.6
Specific Gravity ASTM D854 2.42
Porosity ASTM D7263 X1 (Calculated) % 24.4
Notes:
ASTM = American Society for Testing and Materials
pcf = pounds per cubic foot
* = Oven temperature increased to 300°C to remove NAPL from pore space. Porosity was calculated using

this moisture content value.

The soil properties data show that the calculated soil porosity is lower than previously estimated in
the Feasibility Study. The -calculated porosity is based on a modified moisture content
measurement at high temperature to mobilize and remove NAPL. This lower soil porosity value
may lower the estimated volume of NAPL to be recovered.

3.3 Low Temperature Steam/Hot Water Flushing

A summary of the Low Temperature Steam/Hot Water Flushing (HWF) (~140°F/~50°C) test
material concentrations [of Selected lon Monitoring (SIM) PAHs] before and after treatment is
shown below in Table 3-3. Detailed corresponding summary tables with comparisons to standards
and remedial goals and supporting laboratory analytical data are provided in Appendix D.

Table 3-3
HWF Summary Soil Data (SIM PAHSs)
HWF1 (15PV) HWEF2 (30PV)
Site 4 NYSDEC
Remedial Unrestricted Baseline Treated Baseline Treated

Compound Goals Use Soil (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2-Methylnaphthalene NE 1.5 0.84 1.3 1
Acenaphthene 20 0.56 0.74 0.5 0.8
Acenaphthylene 100 0.21 U 0.21 U 0.20 U 0.21 U
Anthracene 100 0.99 1.2 0.95 2
Benzo[A]Anthracene 1 1 1.7%* 1.8*%* 1.5** 1.8*%*
Benzo[A]Pyrene 1 1 1.2*%* 1.4** 1.1%* 1.4**
Benzo[B]Fluoranthene 1 1 0.65 0.76 0.56 0.76
Benzo[K]Fluoranthene 0.8 0.21 U 0.21 U 0.20 U 0.21 U
Benzo[G,H,I]Perylene 100 0.75 0.89 0.67 0.86
Chrysene 1 1 2.6%* 2.9%* 2.6%* 3.3*%*
Dibenz[A,H]Anthracene 0.33 0.21 U 0.31 J 0.22 J 0.28 J
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Table 3-3
HWF Summary Soil Data (SIM PAHS)
HWF1 (15PV) HWF2 (30PV)
Site 4 NYSDEC
Remedial Unrestricted Baseline Treated Baseline Treated

Compound Goals Use Soil (mg/kd) (mg/kg) (mg/kg) (mg/kd)
Fluoranthene 100 0.58 0.57 0.44 0.6
Fluorene 30 0.83 0.81 0.76 0.84
Indeno[1,2,3-Cd]Pyrene 0.5 0.32 J 0.36 J 0.24 J 0.36 J
Naphthalene 12 0.45 0.26 J 0.4 0.28 J
Phenanthrene 100 2.2 2.1 2.1 2.7
Pyrene 100 7 12 6.1 7.8
Notes:

Detected values are in bold

Bold =  Exceeds NYSDEC Unrestricted Use Soil

Bold** =  Exceeds Site 4 Remedial Goal

U = Not detected at the reporting limit shown

J =  Estimated concentration, below the reporting limit but above the method detection limit.
mg/kg = Milligrams per Kilogram

PV =  Pore Volume

NYSDEC = New York State Department of Environmental Conservation

NE = Not Established

The low temperature steam/hot water flushing data shows that hot water flushing did not
effectively remove PAHs from soil. Longer duration of hot water flushing also does not improve
PAHs removal. However, some PAHs values increased after the hot water flush tests indicating
limited mobilization of contaminants in the soil pores at low temperature.

To evaluate if any contaminants was leached during long-term steam extraction, the leachate from
the 30 PV hot water flush column from the first and last flushing intervals were collected and

analyzed. Table 3-4 summarizes these results. Appendix D contains detailed corresponding
summary tables with comparisons to standards and remedial goals and supporting
laboratory analytical data.
Table 3-4
HWF Leachate Analysis Summary Data (SIM PAHSs)
Site 4
Remedial NYSDEC AWQS Class First Flush Final Flush
Compound Goals GA Groundwater (ng/L) (ng/L)
2-Methylnaphthalene NE 18 0.10 U
Acenaphthene 20* 1.1 0.89
Acenaphthylene NE 0.10 U 0.10 U
Anthracene 50* 0.73 0.33
Benzo[A]Anthracene 0.002* 0.10 U 0.11 J
Benzo[A]Pyrene ND 0.10 U 0.10 U
Benzo[B]Fluoranthene 0.002* 0.13 J 0.1 J
Benzo[G,H,I]Perylene NE 0.10 U 0.10 U
Benzo[K]Fluoranthene 0.002* 0.10 U 0.10 U
Chrysene 0.002* 0.10 U 0.10 U
Dibenzo[A,H]Anthracene NE 0.10 U 0.10 U
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Table 3-4
HWF Leachate Analysis Summary Data (SIM PAHSs)
Site 4
Remedial NYSDEC AWQS Class First Flush Final Flush
Compound Goals GA Groundwater (ng/L) (ng/L)

Fluoranthene 50* 0.21 0.15 J
Fluorene 50* 1.5 1.0
[Indeno[1,2,3-Cd]Pyrene 0.002* 0.10 U 0.10 U
Naphthalene 17 10* 22*%* 3.1
Phenanthrene 50* 3.9 1.4
Pyrene 50* 0.59 0.72
Notes:

Detected values are in bold

Bold = Exceeds NYSDEC AWQS Class GA Groundwater

Bold** = Exceeds Site 4 Remedial Goal

u = Not detected at the reporting limit shown

J = Estimated concentration below the reporting limit but above the method detection limit.
ug/L = Micrograms per Liter

AWQS = Ambient Water Quality Standards

NYSDEC = New York State Department of Environmental Conservation

NE = Not Established

ND = Not Detected

* indicates the value is a guidance value and not a standard

The
high temperature will diminish with time and distance from the higher temperature steam

leachate data show that the increased solubility of PAHs to groundwater due to

extraction zone.

The soil from the low temperature steam extraction/hot water flush columns for the 15 PV and
30 PV were analyzed for residual PAHs using SPLP and compared to field baseline soil sample.
Table 3-5 summarizes the SPLP results for hot water flush columns. Appendix D contains detailed
corresponding summary tables with comparisons to standards and remedial goals and supporting
laboratory analytical data are attached.

Table 3-5
HWF Flush SPLP (SIM PAHSs, Detected Compounds Only)
NYSDEC HWF1 (15 PV) HWF2 (30 PV)
Site 4 AWQS
SPLP SVOCs Remedial Class GA Baseline Treated Baseline Treated
(Detects Only) Goals Groundwater (ng/L) (ng/L) (ng/L) (ng/L)
2-Methylnaphthalene NE 2.0 0.28 1.7 0.22 J
Anthracene 50* 0.12 JL 0.08 JL 0.11 JL 0.091 JL
Benzo[A]Pyrene ND 0.081 J 0.10 U 0.098 U 0.11 U
Benzo[B]Fluoranthene 0.002* 0.18 JBLL 0.17 | JBLL 0.14 JBLL 0.18 | JBLL
Bis(2-Chloroethyl)Ether 1 0.098 U 0.076 JLL 0.098 ULL 0.11 ULL
Dibenzofuran NE 0.14 JL 0.10 UL 0.12 JL 0.11 UL
Indeno[1,2,3-Cd]Pyrene 0.002* 0.064 J 0.10 U 0.098 U 0.11 U
Naphthalene 17 10* 0.84 0.51 0.73 0.43
Phenanthrene 50* 0.56 LL 0.33 LL 0.54 LL 0.32 LL

34
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Table 3-5
HWF Flush SPLP (SIM PAHSs, Detected Compounds Only)
NYSDEC HWF1 (15 PV) HWF2 (30 PV)
Site 4 AWQS
SPLP SVOCs Remedial Class GA Baseline Treated Baseline Treated
(Detects Only) Goals Groundwater (ug/L) (ng/L) (ng/L) (ng/L)
Pyrene 50* 016 | JiL | 018 | JaL | 021 | L | 016 | JL

Notes:
Detected values are in bold

Bold = Exceeds NYSDEC AWQS Class GA Groundwater

Bold** = Exceeds Site 4 Remedial Goal

u = Not detected at the reporting limit shown

J = Estimated value, the analyte was detected in the sample at a concentration less than the laboratory limit of
quantitation, but above the method detection limit.

L = Compound did not meet Department of Defense criteria in the corresponding Laboratory Control Sample

ug/L = Micrograms per Liter

AWQS = Ambient Water Quality Standards

NYSDEC = New York State Department of Environmental Conservation

NE = Not Established

ND = Not Detected

* indicates the value is a guidance value and not a standard

The SPLP data show that some PAH residues remained after the hot water flush, however, the
leachability was diminished and will not likely increase dissolved PAHs in groundwater. The

duration of hot water flush did not appear to affect the residual PAH levels.

3.4  Steam Enhanced Extraction
Table 3-6 summarizes the results of the Steam Enhanced Extraction (SEE) test. This table shows
the test material concentrations (of SIM PAHs) before and after treatment.

Table 3-6
SEE Summary Soil Data (SIM PAHS)
SEE1 (2 PV) SEE2 (6 PV)
Site 4 NYSDEC
Remedial Unrestricted Baseline Treated Baseline Treated
Compound Goals Use Soil (mg/kg) (mg/kg) (mg/kg) (mg/kg)

2-Methylnaphthalene NE 1.7 0.62 1.8 0.094 U
Acenaphthene 20 0.53 0.49 0.56 0.06 J
Acenaphthylene 100 0.13 J 0.097 U 0.15 J 0.094 U
Anthracene 100 0.65 0.65 0.83 0.17 J
Benzo[A]Anthracene 1 1 I 1.6** 1.8** 0.3
Benzo[A]Pyrene 1 1 1.6** IS 1.6** 0.3
Benzo[B]Fluoranthene 1 1 I I 1EES L 0.78 L 0.97 L 0.2
Benzo[G,H,]Perylene 100 1.6 1.3 1.5 0.18 J
Benzo[K]Fluoranthene 0.8 0.3 0.16 J 0.26 0.094
Chrysene 1 1 3.2** 2.8** 2.8*%* 0.54
Dibenz[A,H]Anthracene 0.33 0.36 0.3 0.35 0.048 J
Fluoranthene 100 0.33 0.39 0.36 0.1J
Fluorene 30 0.76 0.66 0.91 0.1J
Indeno[1,2,3-Cd]Pyrene 0.5 0.66 0.45 0.52 0.074 J
Naphthalene 12 12 0.39 0.11 J 0.45 0.094
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Table 3-6
SEE Summary Soil Data (SIM PAHSs)
SEE1 (2 PV) SEE2 (6 PV)
Site 4 NYSDEC
Remedial Unrestricted Baseline Treated Baseline Treated
Compound Goals Use Soil (mg/kg) (mg/kd) (mg/kg) (mg/Kkg
Phenanthrene 100 1.7 1.6 2 0.44
Pyrene 100 9.7 7.2 9.9 1.2
Notes:

Detected values are in bold

Bold
Bold**
U

J

L

mg/kg
PV
NYSDEC
NE

Exceeds NYSDEC Unrestricted Use Soll
Exceeds Site 4 Remedial Goal

Not detected at the reporting limit shown
Estimated concentration, below the reporting limit but above the method detection limit
Compound did not meet DoD criteria in the corresponding Laboratory Control Sample
Milligrams per Kilogram
Pore Volume

New York State Department of Environmental Conservation
Not Established

The Steam Enhanced Extraction did not effectively remove PAHs from soil. Longer duration of

Steam Enhanced Extraction may show some improvement; however the majority of the PAHs were

still present.

The soil from the steam enhanced extraction columns after 2 PV flush and 6 PV flush were analyzed

for residual PAHs using SPLP and compared to field baseline soil sample. Table 3-7 summarizes the

SPLP results for the steam enhanced extraction columns.

Detailed corresponding summary tables

with comparisons to standards and remedial goals and supporting laboratory analytical data

provided in Appendix D.

Table 3-7
SEE Flush SPLP (SIM PAHSs, Detected Compounds Only)
. SEE1 (2PV) SEE2 (6PV)
Site 4 NYSDEC
SPLP SVOCs Remedial AWQS GA Baseline Treated Baseline Treated
(Detects Only) Goals Groundwater (ng/L) (ng/L) (ng/L) (ng/L)
2-Methylnaphthalene NE 1.5 L 0.68 L 1.6 L 0.10 U
Anthracene 50* 0.12 JL 0.11 JL 0.11 JL 0.071 J
Benzo[G,H,I]Perylene NE 0.12 J 0.075 J 0.082 J 0.10 U
Dibenz[A,H]Anthracene NE 0.17 UL 0.11 UL 0.30 L 0.10 U
Dibenzofuran NE 0.14 J 0.11 J 0.15 J 0.10 uL
Indeno[1,2,3-Cd]Pyrene 0.002* 0.54 0.35 0.35 0.10 u
Naphthalene 17 10* 0.68 0.26 0.70 0.10 U
Phenanthrene 50* 0.52 L 0.48 L 0.49 L 0.47 LL
Pyrene 50* 0.17 JL 0.18 JL 0.16 JL 0.13J
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Table 3-7
SEE Flush SPLP (SIM PAHSs, Detected Compounds Only)
) SEE1 (2PV) SEE2 (6PV)
Site 4 NYSDEC
SPLP SVOCs Remedial AWQS GA Baseline Treated Baseline Treated
(Detects Only) Goals Groundwater (ng/L) (ng/L) (ng/L) (ng/L)

Notes:

Detected values are in bold
Exceeds NYSDEC AWQS Class GA Groundwater
Exceeds Site 4 Remedial Goal
Not Detected at the reporting limit shown
Estimated value, the analyte was detected in the sample at a concentration less than the laboratory limit of
guantitation, but above the method detection limit.
Indicates that the flagged compound did not meet Department of Defense criteria in the corresponding
laboratory control sample and/or duplicate prepared and/or analyzed concurrently with the sample.

Bold
Bold**
U

J

L

Ho/L
AWQS
NYSDEC
NE

ND

* indicates the value is a guidance value and not a standard

Micrograms per Liter

Ambient Water Quality Standards
New York State Department of Environmental Conservation

Not Established
Not Detected

The SPLP data show that some PAH residues remained after steam enhanced extraction, however,

it will not likely increase dissolved PAHs in groundwater.
extraction did not appear to affect the residual PAH levels.

The duration of steam enhanced
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4.0 BASELINE GROUNDWATER CONDITIONS
A groundwater sampling event was completed between 31 March and 2 April 2015 at Site 4 to

evaluate the baseline groundwater conditions.  Groundwater samples were collected and
analyzed from nine Site monitoring wells including MW-01, MW-03, MW-04, MW-06, MW-07,
MW-08, MW-09, MW-10, and MW-11. MW-02 was not sampled due to the presence of a
measurable quantity of NAPL. MW-05 was located within Building 3 and has been abandoned.
Monitoring well sample logs are presented in Appendix E.

Observations

Table D5 in Appendix D presents the groundwater analytical data. VOCs and SVOCs were not
detected in any monitoring well above site remedial goals or New York State Ambient Water
Quality Standards (NYS AWQS) for GA groundwater, with the exception of benzo(b)fluoranthene
(1.2 pug/L) at MW-11 located sidegradient of the NAPL impacted zone. This indicates that the NAPL
is not impacting downgradient groundwater. VOC and PAH concentrations at MW-01, located
within the source area, did not exceed the NYS AWQS GA standard or the Remedial Goals. Metals
including cadmium, iron, manganese, sodium, and thallium were detected above NYS AWQS
standards for GA groundwater. These metals are likely attributed to naturally occurring
background conditions; however, manganese has an established Remedial Goal which was
exceeded only at MW-06.
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5.0 TREATABILITY STUDY CONCLUSIONS
Section 5.0 presents the conclusions and recommendations of the Treatability Study.

5.1 Conclusions
Based on the treatability test results, we conclude the following:

. Chemical concentrations of impacted soil are low. The baseline soil sample collected as
part of the treatability study had a total PAH concentration of less than 38 PPM. In addition,
only 3 PAHs slightly exceeded NYSDEC Unrestricted Use Criteria (Benzo(a)anthracene —
2.6 mg/kg, Benzo(a)pyrene — 1.8 mg/kg, Chrysene — 4.2 mg/kg) in the baseline sample.
These PAHs have very low solubility in water and likely to remain adsorbed to soil particles.

o In downgradient groundwater, VOC and PAH concentrations are not present above
Remedial Goals or NYS AWQS GA groundwater standards, indicating that there is
minimal impact to site groundwater from site NAPL.

o NAPL is very viscous at ambient conditions; therefore, it is not mobile. In addition the
data collected show that the NAPL is of low PAH concentration and is not affecting
downgradient groundwater.

. Low temperature steam/hot water flushing (as proposed for the planned remedy) was not
effective in the removal of NAPL or PAHs from soil.

. Steam Enhanced Extraction did not effectively remove PAHs from soil. Longer duration of
Steam Enhanced Extraction may show some improvement; however the majority of the
PAHs were still present. NAPL is likely to remain after treatment.

. The leachate data show that the increased solubility of PAHs due to high temperature will
diminish with time and distance from the steam extraction zone.

. Soil SPLP data collected from both the low temperature steam/hot water flush and
steam extraction soil columns indicate that residual PAHs in soil remaining after treatment
have low potential for leaching to groundwater.

In conclusion, the treatability study results show that impacted soils within the NAPL zone is of
low PAH concentration (38 PPM of total PAHs), deep (below 20 feet bgs), and is not acting as a
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source. Baseline groundwater data indicate that downgradient groundwater, outside of the
NAPL zone, is not impacted. Low temperature steam, as planned for use in the remedy, will not be
effective at recovering NAPL and reducing PAHs in soil. High temperature steam extraction may
reduce some PAHs in soil and recovered some NAPL in a controlled laboratory setting; however,
residual NAPL was present in the soil pore spaces upon conclusion of the test. As such, a
LUC based remedy should be considered in lieu of the current planned remedy. Compared with the
current planned remedy, a LUC based remedy restricting residential land use and the use of
groundwater in the NAPL zone would be equally protective of human health and the environment,
have similar long term effectiveness, will have significantly less short term impact, is
more implementable, will provide for equivalent land use, and be much more cost effective and
sustainable.
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Sketch of Boring Location

Access Road Location ID: SITE4TS'SB]-

CONSULTANTS ® vw-02 Start Date/Time: 6/3/2015 : 07:30
Client: Navy CLEAN End Date/Time: 6/3/2015 : 17:00
Project #: 888813596 @ SITE4TS-SB1 Sampling Method: Sonic Core
Purpose: Treatability Study Drilling Equipment: MiniSonic
Project: NWIRP Bethpage o MW-01 Drilling Company: Cascade Drilling
Location: Site 4 Engineer: J. Parillo

g g g _‘é" = Lithologic Description
1 0-5 o |0-2' Topsoil, brown fine to course sand, ~30% fine to course gravel, fill.
SW 3-5' Fine to course sand, ~30% fine to course gravel, tan, fill.
2
3
4
2 5-10 26 | 0.3 SM | s |5-7.3" Fine to course sand, ~20% fine to medium gravel, less than 10%
s [fines, brown.
0.2 7 |7.3-8'- Sandy clay layer, brown.
8 |8-10' - Fine to course sand, ~10% fine to medium gravel, less than 10%
0.1 s [fines, brown.
3 10-15 | 10 | 0.1 SM | 120 |10-12.7' - Fine to course sand, ~5% fine to medium gravel, ~10%
u (fines, tan.
0.1 12 112.7-15' - Fine to course sand, ~10% fine to medium gravel, ~ 10%
13 (fines, tan.
0.1 14
4 15-20 [ 52 | 0.5 | SM [ 15 |15-18.8' - Same as above.
SW | 16 [18.8-20' - Fine to course sand, ~25% fine to course gravel, tan, slight
0.6 17 |petroleum-like odor.
18
6.7 19
5 20-25 | 54 [ 7.0 | SW | » [20-22.1'- Same as above, slight petroleum-like odor.
21 |22.1-25' - Fine to course sand, ~25% fine to course gravel, cobbles,
4.0 22 |Petroleum coated, strong petroleum-like odor.
23
11.0 2
6 25-30 | 53 [ 5.1 | SW | = [25-30'- Same as above, petroleum coated, strong petroleum-like odor.
26
11.9 27
28
5.1 29
7 30-35 | 50 [ 0.5 | SW | 3 [30-35'- Fine to course sand, ~20% fine to course gravel, less than
31 |10% fines, light petroleum coating throughout.
16.0 | SP | 32 [32.7-33.2'-fine to medium sand, heavily coated with petroleum, strong
33 |petroleum-like odor.
3.4 34




RESOLUTION

Sketch of Boring Location

Access Road Location ID: SITE4TS'SB]-

CONSULTANTS ® vw-o2 Start Date/Time: 6/3/2015 : 07:30
Client: Navy CLEAN End Date/Time: 6/3/2015 : 17:00
Project #: 888813596 @ SITE4TS-SB1 Sampling Method: Sonic Core
Purpose: Treatability Study Drilling Equipment: MiniSonic
Project: NWIRP Bethpage ) MW-01 Drilling Company: Cascade Drilling
Location: Site 4 Engineer: J. Parillo
g g g %“ = Lithologic Description
8 35-40 | 52 6.6 | SM [ 35 |35-40'- Fine to course sand, ~25% fine to course gravel, ~10% fines,
36 |light petroleum coating throughout, strong petroleum-like odor.
1.7 37
38
1.7 39
9 40-45 | 30 | 0.9 | SW | 4 [40-45'- Fine to course sand, ~20% fine to course gravel, brown,
4 [slight petroleum-like odor.
42
0.9 a3
a4
10 | 45-50 | 51 0.7 | SW | 4 |45-50'- Fine to course sand, ~ 20% fine to course gravel, brown, light
4 [petroleum coating, petroleum-like odor.
23.0 a7
48
76.0 49
11 | 50-55 | 41 | 21.0 | SW | s0 [50-55'- Same as above, petroleum coated throughout, strong petroleum-like
51 |odor.
9.0 52
53
15.0 54
12 55-60 [ 53 [ 17.0 | SW | 55 [55-58' - Fine to medium sand, ~10% course sand, ~10% fine to
s6 |course gravel, brown, light petroleum coating throughout, petroleum-like odor
107.0| SP | s7 |58-60'- fine to medium sand, ~5% fine gravel, heavily coated with petroleum,
8 |Strong petroleum-like odor.
210.0 59
13 60-65 | 52 [ 27.0 | SP | e |60-62.5'-Same as above, heavily coated with petroleum, band of saturation
&1 |in the top foot, strong petroleum-like odor.
5.0 62
SP | & [62.5-65' - Fine to medium sand, tan, pink tint, slight petroleum-like odor.
2.3 64
14 | 65-70 SP | & [65-70'- Same as above.
66
67
68
69
70 |70' - End of boring.
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1 BACKGROUND & TREATABILITY STUDY OBJECTIVES

NWIRP Site 4 in Bethpage, NY was impacted by a release of No. 6 Fuel Oil from underground
storage tanks between 1940s and 1982. The release resulted in petroleum-contaminated soil and
semi-solid petroleum product at a depth of approximately 20 to 71 feet below ground surface (ft
bgs). Free product is not readily water soluble, lighter than water, generally very viscous and is
mostly adsorbed onto site soils. General site geology includes fine to coarse sand with trace clay,
gravel and silt to approximately 80 ft bgs; gravel fill material is present at the ground surface.

Bethpage NWIRP Site 4 soils are contaminated with the following:

] #6 Fuel Oil, present as light non-aqueous phase liquid (LNAPL)
0 Chemicals of Concern include Polycyclic Aromatic Hydrocarbons (PAHs)

It should be noted that LNAPL is known to be present in a very viscous form in the impacted soil.
The objectives of the treatability study are as follows:

#1: Understand LNAPL characteristics (density, viscosity, surface tension) over a range of
temperatures, as applicable

#2: Determine interim removal rates of PAHs from bench-scale thermal simulations
#3: Determine extent of PAH removal from bench-scale thermal simulations
#4. Understand the leaching potential of PAHs following the bench-scale thermal simulations

This report summarizes how these main objectives were met.

2 SAMPLE COLLECTION

Resolution Consultants collected contaminated site soil material labeled “Site 4TS-NAPL” from Site
4 on June 4, 2015. The material was shipped in two 5-gallon buckets to KEMRON Environmental
Services (KEMRON) in Atlanta, GA and received on June 5, 2015. The same sampling event and
shipment to KEMRON also contained two 4-oz jars of LNAPL to be subjected to flash point testing.
Copies of the associated chain of custody forms are found in Appendix B of Attachment 1,
KEMRON'’s Treatability Study Final Report. Photographs of the material upon receipt are located in
Appendix F of Attachment 1.

Resolution Consultants also collected LNAPL material labeled “SITE4TS-NAPL MW-02" from Site 4
onJune 3, 2015. The material was shipped in two 1L containers to PTS Laboratories (PTS) in Santa

©OTerraTherm, Inc., 2015, All Rights Reserved
Confidential, Do Not Distribute Outside Project Team 1
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Fe Springs, CA, and received on June 5, 2015. Copies of the associated chain of custody forms are
found in Appendix C of Attachment 1, KEMRON’s Treatability Study Final Report.

3 LNAPL TESTING

Upon mobilization to the field, Resolution Consultants discovered that sufficient LNAPL could be

collected from an existing well (MW-02) on site. Therefore, the LNAPL generation portion of the

Treatability Study Work Plan was not required. Collected LNAPL was shipped directly to KEMRON
and PTS for analysis.

Site LNAPL was subjected to the following testing to observe heating effects:

1. LNAPL was tested at ambient temperatures, 50°C and 90°C; and the following was
measured at each temperature:
] Density (ASTM D1481)
J Viscosity (ASTM D445)

2. LNAPL was tested for the following at ambient temperatures and 50°C, as well as a
slightly higher temperature (66°C).
J Surface Tension (ASTM D971)

3. Flash Point of the collected LNAPL was determined by KEMRON (ASTM D3278).

Figure 1 presents the density and viscosity changes with temperature while Figure 2 displays the
change in interfacial/surface tension (DuNuoy method) with temperature. Summary Table 1
summarizes the LNAPL testing results, including flash point. It should be noted that the very high
viscosity reported at ambient temperature may indicate non-Newtonian flow; the actual product
viscosity at ambient temperature may be lower than that measured by the specific analytical
method used (glass capillary viscometer). In addition, observations were noted that two of the
three surface tension ruptures at various temperatures were unusually slow due to the high
viscosity of the LNAPL.
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©OTerraTherm, Inc., 2015, All Rights Reserved
Confidential, Do Not Distribute Outside Project Team 3



) Treatability Study Report —Draft Final

\’ TERRATHERM Bethpage, NY NWIRP Site #4

July 30, 2015

37
‘E‘ 35 +
(=]
W
-]
(=]
e
e 33
c
.0
wv
G
=
(%]
m
‘t
3

27 T T T T !

20 30 40 50 60 70
LNAPL Temperature, C

FIGURE 2. LNAPL Interfacial Tension

Summary Table 1. LNAPL Testing Summary

Parameter Unit Result
Density
24°C g/cc 0.9854
50°C g/cc 0.9719
90°C g/cc 0.9439
Viscosity
24°C Centipoise 120,000
50°C Centipoise 1,000
90°C Centipoise 93.1
Interfacial Tension
24°C Dynes/cm 35.7
50°C Dynes/cm 30.6
66°C Dynes/cm 29.1
Flash Point °C 40.6
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4 BASELINE SOIL ANALYSIS

A field baseline sample was collected by Resolution Consultants at the time of sample collection.
This sample was submitted to Katahdin Analytical for chemical testing; results are out of the scope
of this report, and therefore are not included.

Site soil materials were analyzed at KEMRON for the following physical/geotechnical parameters:

e ATSM Moisture Content (ASTM D2216)
e Bulk Unit Weight (ASTM D7263)

e Specific Gravity (ASTM D854)

e Porosity (Calculated)

Results from these baseline physical/geotechnical analyses are presented in Table 1. These data
were assumed to be representative of the material used in all four thermal test chambers.
KEMRON repeated the ASTM moisture analysis after a low percent moisture (and therefore low
porosity, which was deemed by professional judgment to be lower than anticipated) was observed
under the normal test conditions. The drying oven temperature was increased to 300°C, to remove
some of the NAPL from the pore spaces, thus resulting in a slightly higher moisture content and
more representative porosity.

In preparation for thermal treatment simulations and chemical analysis, the bulk soil material was
then homogenized and sieved with a 0.5 inch screen and materials larger than 0.5 inches (e.g.
rocks, not contaminated soil materials) were removed in order to provide a consistent material for
laboratory bench testing. A representative aliquot of the material used for each of the four
individual thermal test chambers (total of 4 baseline samples) was submitted to Katahdin
Analytical for the following chemical analyses:

e EPA SWB846 8270D [PAHSs only, full scan and selected ion monitoring (SIM) analyses]
e EPA SWB846 8260C [Volatile Organic Compounds]

e EPASWS846 1312/8270D [SPLP PAHSs]

e EPASWS846 1312/8260C [SPLP VOCs]

Untreated chemical analysis results are presented in Tables 1B (Note that only 8270-SIM results
are shown in this report, as all full scan analyses were non-detect for all compounds. Metals and
SPLP Metals are not included at this time). Resolution Consultants contracted directly with
Katahdin and therefore received copies of all complete analytical laboratory reports under
separate cover.
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5 THERMAL TREATMENT SUMMARY

The Site 4 material was thermally treated with Steam Enhanced Extraction (SEE) at two different
levels of treatment: 2 pore volume (PV) flushes and 6 PV flushes. These two levels of treatment
represent a typical amount of steam flushing for a more mobile contaminant and a practical
endpoint of a longer duration steam flushing for a more viscous product, respectively. In addition,
Hot Water Flushing (HWF) at approximately 50°C was evaluated at two different levels of
treatment: 15 PV flushes and 30 PV flushes. Before thermal treatment, soil samples were collected
from each individual treatment column and subjected to analytical testing. The relative standard
deviation between the total PAHs detected in the four test columns was approximately 15%,
indicating that there was very reasonable homogeneity between the four test columns.

After thermal treatment, analytical samples were collected from the treated soil, leachate, and
condensate. Details on these treatment procedures, including photographs and setup schematics,
are provided in the Treatability Study Work Plan found in Appendix A of Attachment 1, KEMRON’s
Treatability Study Final Report.

6 THERMAL TREATMENT RESULTS

Mass Removal Efficiencies (MREs) were calculated for each contaminant for each thermal test.
(Note that MREs are not displayed for the HWF tests, since post treatment concentrations were
slightly higher than pre treatment concentrations.) Percent removal is calculated using the
following equation:

Removal (%) = 100*(C,=Cf) / Co
Where:

C, = starting concentration, and
Cr = concentration after thermal treatment and cooling.

In addition, the leachability of contaminants from the treated soil was evaluated via Synthetic
Precipitation Leaching Procedure (SPLP) testing performed by Katahdin.

Summary tables and figures presenting the low level (SIM) PAH data are presented embedded
within the text below. Total VOC concentrations in both the baseline and treated soil samples
were generally less than 1-2 mg/kg.
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Complete data tables are presented at the end of this report in Tables 1-4C. Complete analytical
laboratory reports for the treated materials were provided by Katahdin directly to Resolution
Consultants under separate cover.

6.1 Hot Water Flushing (HWF) Results
A summary of the HWF (50°C) test material concentrations (of SIM PAHs) before and after
treatment is shown below in Figure 3 and Summary Table 2.

Summary Table 2. HWF summary soil data (SIM PAHs)

HWF1 (15PV) HWF2 (30PV)

Baseline Treated Baseline Treated
Compound ne/kg ne/ks ne/kg ne/kg
2-METHYLNAPHTHALENE 1500 840 1300 1000
ACENAPHTHENE 560 740 500 800
ACENAPHTHYLENE 210 U 210 U 200 U 210 U
ANTHRACENE 990 1200 950 2000
BENZO(A)ANTHRACENE 1700 1800 1500 1800
BENZO(A)PYRENE 1200 1400 1100 1400
BENZO(B)FLUORANTHENE 650 760 560 760
BENZO(K)FLUORANTHENE 210 U 210 U 200 U 210 U
BENZO[G,H,|]PERYLENE 750 890 670 860
CHRYSENE 2600 2900 2600 3300
DIBENZO(A,H)ANTHRACENE 210 U 310 J 220 ) 280 J
FLUORANTHENE 580 570 440 600
FLUORENE 830 810 760 840
INDENO(1,2,3-CD)PYRENE 320 J 360 J 240 360
NAPHTHALENE 450 260 J 400 280 J
PHENANTHRENE 2200 2100 2100 2700
PYRENE 7000 12000 6100 7800

U = Not detected at the reporting limit shown
J = Estimated concentration, below the reporting limit but above the method detection limit.
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FIGURE 3. HWF Treatment of Site 4 Material

6.2 Steam Enhanced Extraction (SEE) Results
A summary of the SEE test material concentrations (of SIM PAHs) before and after treatment is

shown below in Figure 4 and Summary Table 3.
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Summary Table 3. SEE summary soil data (SIM PAHs)
SEE1 (2PV) SEE2 (6PV)
Baseline Treated Baseline Treated

Compound ne/kg ne/kg ng/kg ne/kg
2-METHYLNAPHTHALENE 1700 620 1800 94 U

ACENAPHTHENE 530 490 560 60 J
ACENAPHTHYLENE 130 97 U 150 94 U

ANTHRACENE 650 650 830 170 )
BENZO(A)ANTHRACENE 1500 1600 1800 300

BENZO(A)PYRENE 1600 1300 1600 300
BENZO(B)FLUORANTHENE 1100 780 L 970 200
BENZO(K)FLUORANTHENE 300 160 J 260 94 U
BENZOI[G,H,I]PERYLENE 1600 1300 1500 180 J

CHRYSENE 3200 2800 2800 540
DIBENZO(A,H)ANTHRACENE 360 300 350 48 )

FLUORANTHENE 330 390 360 100 J

FLUORENE 760 660 910 100 J
INDENO(1,2,3-CD)PYRENE 660 450 520 74 )

NAPHTHALENE 390 110 J 450 94 U

PHENANTHRENE 1700 1600 2000 440

PYRENE 9700 7200 9900 1200

U = Not detected at the reporting limit shown

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample
J = Estimated concentration, below the reporting limit but above the method detection limit.
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FIGURE 4. SEE Treatment of Site 4 Material

6.3 Flush Water Analysis Results

A full chemical characterization of the collected flush water (called “leachate” in the workplan)
from the HWF2 (30 PV flush) testing was performed. The flush water was collected in two aliquots;
the “first flush” and “final flush” were the first and last intervals of flushing. PAH results of the
flush waters are shown in Summary Table 4.
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Summary Table 4. HWF Flush Water Analysis summary data (SIM PAHs)
First Flush | Final Flush

Compound pg/L pg/L
2-METHYLNAPHTHALENE 18 0.10 U
ACENAPHTHENE 1.1 0.89
ACENAPHTHYLENE 0.10 U 0.10 U
ANTHRACENE 0.73 0.33
BENZO(A)ANTHRACENE 0.10 U 0.11 )
BENZO(A)PYRENE 0.10 U 0.10 U
BENZO(B)FLUORANTHENE 0.13 0.10 )
BENZO[G,H,I]PERYLENE 0.10 U 0.10 U
BENZO(K)FLUORANTHENE 0.10 U 0.10 U
CHRYSENE 0.10 U 0.10 U
DIBENZO(A,H)ANTHRACENE 0.10 U 0.10 U
FLUORANTHENE 0.21 0.15 J
FLUORENE 15 1.0
INDENO(1,2,3-CD)PYRENE 0.10 U 0.10 U
NAPHTHALENE 22 3.1
PHENANTHRENE 3.9 1.4
PYRENE 0.59 0.72

U = Not detected at the reporting limit shown

J = Estimated concentration, below the reporting limit but above the method detection limit.

6.4 SPLP Results (PAHs)

SPLP results indicate the leachability of the soils from acid rain effects. The SPLP was performed

on the untreated and treated samples. SPLP data is presented for the two HWF tests and the two

SEE tests in Tables 5 and 6, respectively.
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Summary Table 5. HWF Flush SPLP (SIM PAHs, Detected Compounds Only)
HWF1 (15PV) HWF2 (30PV)

Baseline Treated Baseline Treated
SPLP SVOCs (Detects only) ug/L ug/L ug/L pg/L
2-METHYLNAPHTHALENE 2.0 0.28 1.7 0.22 J
ANTHRACENE 0.12 JL 0.08 JL 0.11 JL 0.091 JL
BENZO(A)PYRENE 0.081 J 0.10 U 0.098 U 0.11 U
BENZO(B)FLUORANTHENE 0.18 JBLL 0.17 JBLL 0.14 JBLL 0.18 JBLL
BIS(2-CHLOROETHYL) ETHER 0.098 ULL 0.076 JLL 0.098 ULL 0.11 ULL
DIBENZOFURAN 0.14 JL 0.10 UL 0.12 JL 0.11 UL
INDENO(1,2,3-CD)PYRENE 0.064 J 0.10 U 0.098 U 0.11 U
NAPHTHALENE 0.84 0.51 0.73 0.43
PHENANTHRENE 0.56 LL 0.33 LL 0.54 LL 0.32 LL
PYRENE 0.16 JLL 0.18 JLL 0.21 LL 0.16 JLL

U = Not detected at the reporting limit shown

B = Compound was detected in the laboratory method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.

Summary Table 6. SEE Flush SPLP (SIM PAHs, Detected Compounds Only)

SEE1 (2PV) SEE2 (6PV)
Baseline Treated Baseline Treated

SPLP SVOCs (Detects only) ug/L pg/L pg/L ug/L
2-METHYLNAPHTHALENE 15 L 0.68 L 16 L 0.10 U
ANTHRACENE 0.12 JL 0.11 JL 0.11 JL 0.071 )
BENZO[G,H,|]PERYLENE 0.12 J 0.075 J 0.082 J 0.10 U
DIBENZO(A,H)ANTHRACENE 0.17 UL 0.11 UL 030 L 0.10 U
DIBENZOFURAN 0.14 J 0.11 J 0.15 J 0.10 UL
INDENO(1,2,3-CD)PYRENE 0.54 0.35 0.35 0.10 U
NAPHTHALENE 0.68 0.26 0.70 0.10 U
PHENANTHRENE 052 L 048 L 049 L 0.47 LL
PYRENE 0.17 JL 0.18 JL 0.16 JL 0.13 J

U = Not detected at the reporting limit shown

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.

7 DATA DISCUSSION

Overall, the data obtained from this treatability study met the objectives of the study. No major

issues or deviations from the project work plan were encountered.
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The HWF simulation at 50°C did not prove effective on the Site 4 materials, resulting in
concentrations close to (slightly above) the baseline concentrations.

The SEE simulation with 2PV flushing proved mildly effective, while the 6PV flushing proved most
effective.

The “first” and “final” flush water analysis indicated that many of the more volatile (and more
water soluble) PAH species are present in the treatment liquid stream initially, with concentrations
decreasing over time. Lower concentrations of the less volatile (and less water soluble) PAH
species are observed to remain at a steady concentration throughout treatment.

The pH values of the collected condensates and flush waters were in the range of 5-7, indicating
that the stream was slightly acidic.

8 CONCLUSIONS and RECOMMENDATIONS
The following conclusions to the treatability testing presented in this report can be made:

1. Due to the viscous nature of the LNAPL contamination on Site 4 materials, a longer SEE
treatment (in the range of 6-8 months, instead of a shorter duration treatment in the range
of 2-3 months, which would typically be used for more volatile contaminants) will be
required to most effectively reduce concentrations in the subsurface and recover the
maximum amount of LNAPL from the Site.

a. Heating will decrease the viscosity of the LNAPL material by several orders of
magnitude. This will facilitate transport and pumping of LNAPL from recovery wells.
The density and surface tensions will also decrease as temperature increases.

b. LNAPL recovery and transport in a field scale setting would require pumps capable
of handling highly viscous liquids (e.g. TerraTherm has used Blackhawk pumps for
previous viscous product recovery projects). Heat-tracing of the extraction well and
pump lines would be considered in a pilot/design effort — this would further
facilitate pumping of viscous LNAPL.

c. Due to the viscous nature of the contamination, and based on the results of the two
different SEE PV flush tests, a longer steam cycling period will likely be needed to
maximize recovery of LNAPL at the Site.

2. Based on the results of the SPLP analyses before and after thermal treatment, an SPLP
contaminant reduction of 83% was observed for the 6PV SEE treatment. This further
supports that the longer the SEE treatment, the more protection is offered to groundwater,
i.e., the less contaminants will leach from the treated soils.
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3. The observed pH values are well within typical ranges for TerraTherm sites, but will be
taken into consideration, specifically, the selection of materials of construction of piping
and related equipment, should related field work occur.

4. A thermal pilot study, utilizing a small scale steam injection and recovery system, has been
reviewed with Resolution Consultants should further demonstration of SEE effectiveness
be warranted. Various objectives and evaluations could be examined in a pilot study,
including:

a. Effectiveness of steam injection, documenting steam migration paths and radius of
influence

b. LNAPL recovery in a multi-phase extraction well, utilizing specialized pump as
described above

c. LNAPL separation behavior in collection tank/extraction piping
Water quality of pumped waters, LNAPL characterization of pumped LNAPL
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Table 1. Untreated Soils Physical/Geotechnical Data

SAMPLE
TESTING PARAMETER TEST METHOD UNIT Site 4TS-
NAPL
Moisture Content ASTM D2216
ASTM Moisture Content (modified)* % 13.50
Percent Solids % 88.10
Bulk Unit Weight ASTM D7263 pcf 129.6
Specific Gravity ASTM D854 2.42
ASTM D7263 X1
Porosity (Calculated) % 24.4

pcf = pounds per cubic foot

*= QOven temperature increased to 300°C to remove NAPL from pore space. Porosity was calculated using this

moisture content value.

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.
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Table 2A: Untreated/Treated Soils Analytical Data (HWF Columns): EPA 8260C
HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ng/ksg ng/ksg ng/kg ng/kg

1,1,1-TRICHLOROETHANE 22 U 22 U 3.2 U 20 U
1,1,2,2-TETRACHLOROETHANE 22 U 22 U 32 U 20 U
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 1.3 J 0.95 J 3.2 U 20 U
1,1,2-TRICHLOROETHANE 22 U 22 U 32 U 20 U
1,1-DICHLOROETHANE 22 U 22 U 3.2 U 20 U
1,1-DICHLOROETHENE 22 U 22 U 32 U 20 U
1,1-DICHLOROPROPENE 22 U 22 U 3.2 U 20 U
1,2,3-TRICHLOROBENZENE 22 U 22 U 32 U 20 U
1,2,3-TRICHLOROPROPANE 22 U 22 U 3.2 U 20 U
1,2,4-TRICHLOROBENZENE 22 U 22 U 32 U 20 U
1,2,4-TRIMETHYLBENZENE 22 U 22 U 3.2 U 20 U
1,2-DIBROMO-3-CHLOROPROPANE 22 U 22 U 32 U 20 U
1,2-DIBROMOETHANE 22 U 22 U 3.2 U 20 U
1,2-DICHLOROBENZENE 22 U 22 U 32 U 20 U
1,2-DICHLOROETHANE 22 U 22 U 3.2 U 20 U
1,2-DICHLOROETHYLENE 20 J 44 U 65 U 39 U
1,2-DICHLOROPROPANE 22 U 22 U 3.2 U 20 U
1,3,5-TRICHLOROBENZENE 22 U 22 U 32 U 20 U
1,3,5-TRIMETHYLBENZENE 35 22 U 69 20 U
1,3-DICHLOROBENZENE 22 U 22 U 32 U 20 U
1,3-DICHLOROPROPANE 22 U 22 U 3.2 U 20 U
1,4-DICHLOROBENZENE 22 U 22 U 32 U 20 U
2,2-DICHLOROPROPANE 22 U 22 U 3.2 U 20 U
2-BUTANONE 62 66 16 U 31

2-CHLOROTOLUENE 22 U 22 U 3.2 U 20 U
2-HEXANONE 11 U 11 U 16 U 9.8 U
4-CHLOROTOLUENE 22 U 22 U 3.2 U 20 U
4-ISOPROPYLTOLUENE 46 39 32 U 29

4-METHYL-2-PENTANONE 11 U 11 U 16 U 9.8 U
ACETONE 240 230 350 77

BENZENE 29 J 22 U 3.2 U 20 U
BROMOBENZENE 22 U 22 U 32 U 20 U
BROMOCHLOROMETHANE 22 U 22 U 3.2 U 20 U
BROMODICHLOROMETHANE 22 U 33 J 32 U 20 U
BROMOFORM 22 U 22 U 3.2 U 20 U
BROMOMETHANE 43 U 44 U 65 U 39 U
CARBON DISULFIDE 4.7 6.4 3.2 U 34 J

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 16
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HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ne/kg ne/kg ng/kg ne/kg
CARBON TETRACHLORIDE 22 U 22 U 32 U 20 U
CHLOROBENZENE 22 U 22 U 32 U 20 U
CHLOROETHANE 43 U 44 U 6.5 U 39 U
CHLOROFORM 22 U 20 32 U 4.9
CHLOROMETHANE 43 U 44 U 65 U 39 U
CIS-1,2-DICHLOROETHENE 20 J 22 U 32 U 20 U
CIS-1,3-DICHLOROPROPENE 22 U 22 U 32 U 20 U
CYCLOHEXANE 34 31 24 20
DIBROMOCHLOROMETHANE 22 U 22 U 32 U 20 U
DIBROMOMETHANE 22 U 22 U 32 U 20 U
DICHLORODIFLUOROMETHANE 43 U 44 U 65 U 39 U
DIETHYL ETHER 22 U 22 U 32 U 20 U
DI-ISOPROPYL ETHER 22 U 22 U 32 U 20 U
ETHYLBENZENE 30 3.0 J 55 4.1
HEXACHLOROBUTADIENE 22 U 22 U 32 U 20 U
ISOPROPYLBENZENE 35 22 U 69 4.7
M-,P-XYLENE 8.7 69 J 22 4.7 )
METHYL ACETATE 26 U 26 U 39 U 23 U
METHYL TERT-BUTYL ETHER 22 U 22 U 32 U 20 U
METHYLCYCLOHEXANE 120 120 110 71
METHYLENE CHLORIDE 80 J 84 16 U 9.8 U
NAPHTHALENE 48 22 U 32 U 20 U
N-BUTYLBENZENE 22 U 22 U 32 U 20 U
N-PROPYLBENZENE 22 U 22 U 32 U 20 U
O-XYLENE 7.4 7.0 18 4.2
SEC-BUTYLBENZENE 35 22 U 32 U 20 U
STYRENE 22 U 22 U 32 U 20 U
TERT-BUTYLBENZENE 22 U 22 U 32 U 20 U
TETRACHLOROETHENE 10 12 32 U 4.5
TETRAHYDROFURAN 22 U 22 U 32 U 20 U
TOLUENE 3.8 J 20 J 6.2 J 14 )
TRANS-1,2-DICHLOROETHENE 22 U 22 U 32 U 20 U
TRANS-1,3-DICHLOROPROPENE 22 U 22 U 32 U 20 U
TRICHLOROETHENE 22 U 22 U 32 U 20 U
TRICHLOROFLUOROMETHANE 43 U 44 U 6.5 U 39 U
VINYL ACETATE 22 U 22 U 32 U 20 U
VINYL CHLORIDE 43 U 44 U 6.5 U 39 U
XYLENES (TOTAL) 16 14 40 8.8 J

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 17
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Table 2B: Untreated/Treated SPLP Analytical Data (HWF Columns): EPA 8260C
HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
pne/L pe/L pHe/L pe/L
1,1,1-TRICHLOROETHANE 25 U 25 U 25 U 25 U
1,1,2,2-TETRACHLOROETHANE 25 U 25 U 25 U 25 U
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 25 U 25 U 25 U 25 U
1,1,2-TRICHLOROETHANE 25 U 25 U 25 U 25 U
1,1-DICHLOROETHANE 25 U 25 U 25 U 25 U
1,1-DICHLOROETHENE 25 U 25 U 25 U 25 U
1,2,3-TRICHLOROPROPANE 25 U 25 U 25 U 25 U
1,2,4-TRICHLOROBENZENE 25 U 25 U 25 U 25 U
1,2-DIBROMO-3-CHLOROPROPANE 25 U 25 U 25 U 25 U
1,2-DIBROMOETHANE 25 U 25 U 25 U 25 U
1,2-DICHLOROBENZENE 25 U 25 U 25 U 25 U
1,2-DICHLOROETHANE 25 U 25 U 25 U 25 U
1,2-DICHLOROPROPANE 25 U 25 U 25 U 25 U
1,3-DICHLOROBENZENE 25 U 25 U 25 U 25 U
1,4-DICHLOROBENZENE 25 U 25 U 25 U 25 U
2-BUTANONE 12 U 12 U 12 U 12 U
2-HEXANONE 12 U 12 U 12 U 12 U
4-METHYL-2-PENTANONE 12 U 12 U 12 U 12 U
ACETONE 12 U 12 U 12 U 12 U
BENZENE 25 U 25 U 25 U 25 U
BROMOCHLOROMETHANE 25 U 25 U 25 U 25 U
BROMODICHLOROMETHANE 25 U 25 U 25 U 25 U
BROMOFORM 25 U 25 U 25 U 25 U
BROMOMETHANE 50 U 50 U 50 U 50 U
CARBON DISULFIDE 25 U 25 U 25 U 25 U
CARBON TETRACHLORIDE 25 U 25 U 25 U 25 U
CHLOROBENZENE 25 U 25 U 25 U 25 U
CHLOROETHANE 50 U 50 U 50 U 50 U
CHLOROFORM 25 U 25 U 25 U 25 U
CHLOROMETHANE 50 U 50 U 50 U 50 U
CIS-1,2-DICHLOROETHENE 25 U 25 U 25 U 25 U
CIS-1,3-DICHLOROPROPENE 25 U 25 U 25 U 25 U
CYCLOHEXANE 25 U 25 U 25 U 25 U
DIBROMOCHLOROMETHANE 25 U 25 U 25 U 25 U
DICHLORODIFLUOROMETHANE 50 U 50 U 50 U 50 U
ETHYLBENZENE 25 U 25 U 25 U 25 U
ISOPROPYLBENZENE 25 U 25 U 25 U 25 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 18
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HWF1 (15PV) HWEF2 (30PV)
Compound Baseline Treated Baseline Treated
mHe/L pg/L ue/L pg/L
M-,P-XYLENE 50 U 50 U 50 U 50 U
METHYL ACETATE 3.8 U 3.8 U 3.8 U 3.8 U
METHYL TERT-BUTYL ETHER 25 U 25 U 25 U 25 U
METHYLCYCLOHEXANE 25 U 25 U 25 U 25 U
METHYLENE CHLORIDE 9.6 J 99 J 9.9 10 J
O-XYLENE 25 U 25 U 25 U 25 U
STYRENE 25 U 25 U 25 U 25 U
TETRACHLOROETHENE 25 U 25 U 25 U 25 U
TOLUENE 25 U 25 U 25 U 25 U
TRANS-1,2-DICHLOROETHENE 25 U 25 U 25 U 25 U
TRANS-1,3-DICHLOROPROPENE 25 U 25 U 25 U 25 U
TRICHLOROETHENE 25 U 25 U 25 U 25 U
TRICHLOROFLUOROMETHANE 50 U 50 U 50 U 50 U
VINYL CHLORIDE 50 U 50 U 50 U 50 U
XYLENES (TOTAL) 75 U 75 U 75 U 75 U

Table 2C: Untreated/Treated Soils Analytical Data (HWF Columns): EPA 8270D

HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ng/kg ng/kg ng/kg ng/kg

1,1'-BIPHENYL 1500 U 1600 U 1500 U 1600 U
1,2,4-TRICHLOROBENZENE 1500 U 1600 U 1500 U 1600 U
1,2-DICHLOROBENZENE 1500 U 1600 U 1500 U 1600 U
1,2-DIPHENYLHYDRAZINE 3100 U 3100 U 2900 U 3100 U
1,3-DICHLOROBENZENE 1500 U 1600 U 1500 U 1600 U
1,4-DICHLOROBENZENE 1500 U 1600 U 1500 U 1600 U
2,2'-OXYBIS(1-CHLOROPROPANE) 1500 U 1600 U 1500 U 1600 U
2,4,5-TRICHLOROPHENOL 3800 U 3900 U 3600 U 3900 U
2,4,6-TRICHLOROPHENOL 1500 U 1600 U 1500 U 1600 U
2,4-DICHLOROPHENOL 1500 U 1600 U 1500 U 1600 U
2,4-DIMETHYLPHENOL 1500 U 1600 U 1500 U 1600 U
2,4-DINITROPHENOL 3800 U 3900 U 3600 U 3900 U
2,4-DINITROTOLUENE 1500 U 1600 U 1500 U 1600 U
2,6-DICHLOROPHENOL 1500 U 1600 U 1500 U 1600 U
2,6-DINITROTOLUENE 1500 U 1600 U 1500 U 1600 U
2-CHLORONAPHTHALENE 1500 U 1600 U 1500 U 1600 U
2-CHLOROPHENOL 1500 U 1600 U 1500 U 1600 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank
L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 19
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HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ne/ks ne/ks ng/kg ne/ks

2-METHYLPHENOL 1500 U 1600 U 1500 U 1600 U
2-NITROANILINE 3800 U 3900 U 3600 U 3900 U
2-NITROPHENOL 1500 U 1600 U 1500 U 1600 U
3,3'-DICHLOROBENZIDINE 1500 U 1600 U 1500 U 1600 U
3-NITROANILINE 3800 U 3900 U 3600 U 3900 U
4,6-DINITRO-2-METHYLPHENOL 3800 U 3900 U 3600 U 3900 U
4-BROMOPHENYL PHENYL ETHER 1500 U 1600 U 1500 U 1600 U
4-CHLORO-3-METHYLPHENOL 1500 U 1600 U 1500 U 1600 U
4-CHLOROANILINE 1500 U 1600 U 1500 U 1600 U
4-CHLOROPHENYL PHENYL ETHER 1500 U 1600 U 1500 U 1600 U
4-NITROANILINE 3800 U 3900 U 3600 U 3900 U
4-NITROPHENOL 3800 U 3900 U 3600 U 3900 U
BENZIDINE 7000 U 7100 U 6700 U 7100 U
BENZOIC ACID 3800 U 3900 U 3600 U 3900 U
BENZYL ALCOHOL 3100 U 3100 U 2900 U 3100 U
BIS(2-CHLOROETHOXY) METHANE 1500 U 1600 U 1500 U 1600 U
BIS(2-CHLOROETHYL) ETHER 1500 U 1600 U 1500 U 1600 U
BIS(2-ETHYLHEXYL) PHTHALATE 1500 U 1600 U 1500 U 1600 U
BUTYL BENZYL PHTHALATE 1500 U 1600 U 1500 U 1600 U
CAPROLACTAM 1500 U 1600 U 1500 U 1600 U
CARBAZOLE 1500 U 1600 U 1500 U 1600 U
CRESOLS, M & P 1500 U 3900 U 1500 U 1600 U
DIBENZOFURAN 1500 U 1600 U 1500 U 1600 U
DIETHYL PHTHALATE 1500 U 1600 U 1500 U 1600 U
DIMETHYL PHTHALATE 1500 U 1600 U 1500 U 1600 U
DI-N-BUTYL PHTHALATE 1500 U 1600 U 1500 U 1600 U
DI-N-OCTYLPHTHALATE 1500 U 1600 U 1500 U 1600 U
HEXACHLOROBENZENE 1500 U 1600 U 1500 U 1600 U
HEXACHLOROBUTADIENE 1500 U 1600 U 1500 U 1600 U
HEXACHLOROETHANE 1500 U 1600 U 1500 U 1600 U
ISOPHORONE 1500 U 1600 U 1500 U 1600 U
NITROBENZENE 1500 U 1600 U 1500 U 1600 U
N-NITROSO-DI-N-PROPYLAMINE 1500 U 1600 U 1500 U 1600 U
N-NITROSODIPHENYLAMINE 1500 U 1600 U 1500 U 1600 U
PENTACHLOROPHENOL 3800 U 3900 U 3600 U 3900 U
PHENOL 1500 U 1600 U 1500 U 1600 U

U = Not detected at the reporting limit shown

B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 20
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Table 2D: Untreated/Treated SPLP Analytical Data (HWF Columns): EPA 8270D
HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
pHe/L pHe/L pe/L pne/L
1,1'-BIPHENYL 0.098 UL 0.1 0.098 UL 0.11 UL
1,2,4,5-TETRACHLOROBENZENE 0.098 U 0.1 0.098 U 0.11 U
2,2'-OXYBIS(1-CHLOROPROPANE) 0.15 ULL 0.16 ULL 0.15 ULL 0.17 ULL
2,3,4,6-TETRACHLOROPHENOL 049 U 0.52 U 049 U 0.57 U
2,4,5-TRICHLOROPHENOL 049 U 0.52 U 049 U 0.57 U
2,4,6-TRICHLOROPHENOL 049 U 0.52 U 049 U 0.57 U
2,4-DICHLOROPHENOL 0.98 U 1.0 U 0.98 U 1.1 U
2,4-DIMETHYLPHENOL 7.4 U 7.8 U 74 U 85 U
2,4-DINITROPHENOL 049 U 0.52 U 049 U 0.57 U
2,4-DINITROTOLUENE 0.098 U 0.10 U 0.098 U 0.11 U
2,6-DINITROTOLUENE 0.098 U 0.10 U 0.098 U 0.11 U
2-CHLORONAPHTHALENE 7.4 U 7.8 U 74 U 85 U
2-CHLOROPHENOL 049 U 0.52 U 049 U 0.57 U
2-METHYLNAPHTHALENE 2 0.28 1.7 0.22
2-NITROANILINE 0.15 U 0.16 U 0.15 U 0.17 U
2-NITROPHENOL 098 U 1 U 098 U 11 U
3,3'-DICHLOROBENZIDINE 0.098 UL 0.1 UL 0.098 UL 0.11 UL
3-NITROANILINE 19 U 20 U 19 U 22 U
4,6-DINITRO-2-METHYLPHENOL 0.74 U 0.78 U 0.74 U 0.85 U
4-BROMOPHENYL PHENYL ETHER 7.4 U 7.8 U 74 U 85 U
4-CHLORO-3-METHYLPHENOL 7.4 U 7.8 U 7.4 U 85 U
4-CHLOROANILINE 15 U 16 U 15 U 1.7 U
4-CHLOROPHENYL PHENYL ETHER 0.24 U 0.26 U 0.24 U 0.28 U
2-METHYLPHENOL 7.4 U 7.8 U 74 U 85 U
4-NITROANILINE 0.098 U 0.1 U 0.098 U 0.11 U
4-NITROPHENOL 0.49 U 0.52 U 049 U 0.57 U
ACENAPHTHENE 7.4 U 7.8 U 7.4 U 85 U
ACENAPHTHYLENE 7.4 U 7.8 U 74 U 85 U
ACETOPHENONE 7.4 U 7.8 U 7.4 U 85 U
ANTHRACENE 0.12 JL 0.08 L 0.11 L 0.091 JL
ATRAZINE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
BENZALDEHYDE 7.4 ULL 7.8 ULL 7.4 ULL 8.5 ULL
BENZO(A)ANTHRACENE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
BENZO(A)PYRENE 0.081 0.1 0.098 U 0.11 U
BENZO(B)FLUORANTHENE 0.18 JBLL 0.17 JBLL 0.14 JBLL 0.18 JBLL
BENZO(K)FLUORANTHENE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
BENZO[G,H,I]PERYLENE 0.098 U 0.1 U 0.098 U 0.11 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 21
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HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ue/L ue/L pg/L pg/L

BIS(2-CHLOROETHOXY) METHANE 024 U 0.26 U 024 U 0.28 U
BIS(2-CHLOROETHYL) ETHER 0.098 ULL 0.076 JLL 0.098 ULL 0.11 ULL
BIS(2-ETHYLHEXYL) PHTHALATE 0.49 ULL 0.52 ULL 0.49 ULL 0.57 ULL
BUTYL BENZYL PHTHALATE 049 U 052 U 049 U 0.57 U
CAPROLACTAM 74 U 7.8 U 74 U 85 U
CHRYSENE 0.098 UL 0.1 UL 0.098 UL 0.11 UL
CARBAZOLE 74 U 7.8 U 74 U 85 U
CRESOLS, M & P 049 U 052 U 049 U 0.57 U
DIBENZO(A,H)ANTHRACENE 0.098 U 0.1 U 0.098 U 0.11 U
DIBENZOFURAN 0.14 JL 0.1 UL 0.12 JL 0.11 UL
DIETHYL PHTHALATE 74 U 7.8 U 74 U 85 U
DIMETHYL PHTHALATE 74 U 7.8 U 74 U 85 U
DI-N-BUTYL PHTHALATE 098 U 1 U 098 U 11 U
DI-N-OCTYLPHTHALATE 049 U 052 U 049 U 0.57 U
FLUORANTHENE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
FLUORENE 74 U 7.8 U 74 U 85 U
HEXACHLOROBENZENE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
HEXACHLOROBUTADIENE 0.098 U 01 U 0.098 U 0.11 U
HEXACHLOROCYCLOPENTADIENE 0.098 U 0.1 U 0.098 U 011 U
HEXACHLOROETHANE 0.098 UL 0.1 UL 0.098 UL 0.11 UL
INDENO(1,2,3-CD)PYRENE 0.064 0.1 U 0.098 U 0.11 U
ISOPHORONE 74 U 7.8 U 74 U 85 U
NAPHTHALENE 0.84 0.51 0.73 0.43
NITROBENZENE 0.15 UL 0.16 UL 0.15 UL 0.17 UL
N-NITROSO-DI-N-PROPYLAMINE 0.098 UL 0.1 UL 0.098 UL 0.11 UL
N-NITROSODIPHENYLAMINE 0.098 ULL 0.1 ULL 0.098 ULL 0.11 ULL
PENTACHLOROPHENOL 0.49 ULL 0.52 ULL 0.49 ULL 0.57 ULL
PHENANTHRENE 0.56 LL 033 LL 0.54 LL 0.32 LL
PHENOL 74 U 7.8 U 74 U 85 U
PYRENE 0.16 JLL 0.18 JLL 0.21 LL 0.16 JLL

U = Not detected at the reporting limit shown

B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 22
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Table 2E: Untreated/Treated Soils Analytical Data (HWF Columns): EPA 8270D_SIM

HWF1 (15PV) HWF2 (30PV)
Compound Baseline Treated Baseline Treated
ng/kg ng/kg ng/kg ng/kg
2-METHYLNAPHTHALENE 1500 840 1300 1000
ACENAPHTHENE 560 740 500 800
ACENAPHTHYLENE 210 210 200 210
ANTHRACENE 990 1200 950 2000
BENZO(A)ANTHRACENE 1700 1800 1500 1800
BENZO(A)PYRENE 1200 1400 1100 1400
BENZO(B)FLUORANTHENE 650 760 560 760
BENZO(K)FLUORANTHENE 210 210 200 210
BENZO[G,H,I]PERYLENE 750 890 670 860
CHRYSENE 2600 2900 2600 3300
DIBENZO(A,H)ANTHRACENE 210 310 220 280
FLUORANTHENE 580 570 440 600
FLUORENE 830 810 760 840
INDENO(1,2,3-CD)PYRENE 320 360 240 360
NAPHTHALENE 450 260 400 280
PHENANTHRENE 2200 2100 2100 2700
PYRENE 7000 12000 6100 7800

U = Not detected at the reporting limit shown
B = Compound detected in method blank
L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 23
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Table 3A: Untreated/Treated Soils Analytical Data (SEE Columns): EPA 8260C
SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
ng/kg ng/kg ng/kg ng/kg

1,1,1-TRICHLOROETHANE 6.0 U 22 U 22 U 20 U
1,1,2,2-TETRACHLOROETHANE 6.0 U 22 U 22 U 20 U
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 6.0 U 22 U 22 U 20 U
1,1,2-TRICHLOROETHANE 6.0 U 22 U 22 U 20 U
1,1-DICHLOROETHANE 6.0 U 22 U 22 U 20 U
1,1-DICHLOROETHENE 6.0 U 22 U 22 U 20 U
1,1-DICHLOROPROPENE 6.0 U 22 U 22 U 20 U
1,2,3-TRICHLOROBENZENE 6.0 U 22 U 22 U 20 U
1,2,3-TRICHLOROPROPANE 6.0 U 22 U 22 U 20 U
1,2,4-TRICHLOROBENZENE 6.0 U 22 U 22 U 20 U
1,2,4-TRIMETHYLBENZENE 6.0 U 22 U 22 U 20 U
1,2-DIBROMO-3-CHLOROPROPANE 6.0 U 22 U 22 U 20 U
1,2-DIBROMOETHANE 6.0 U 22 U 22 U 20 U
1,2-DICHLOROBENZENE 6.0 U 22 U 22 U 20 U
1,2-DICHLOROETHANE 6.0 U 45 U 22 U 20 U
1,2-DICHLOROETHYLENE 12 U 22 U 44 U 40 U
1,2-DICHLOROPROPANE 6.0 U 22 U 22 U 20 U
1,3,5-TRICHLOROBENZENE 6.0 U 22 U 22 U 20 U
1,3,5-TRIMETHYLBENZENE 72 22 U 30 20 U
1,3-DICHLOROBENZENE 6.0 U 22 U 22 U 20 U
1,3-DICHLOROPROPANE 6.0 U 22 U 22 U 20 U
1,4-DICHLOROBENZENE 6.0 U 22 U 22 U 20 U
2,2-DICHLOROPROPANE 6.0 U 48 22 U 20 U
2-BUTANONE 30 U 22 U 11 U 53
2-CHLOROTOLUENE 6.0 U 11 U 22 U 20 U
2-HEXANONE 30 U 22 U 11 U 99 U
4-CHLOROTOLUENE 6.0 U 11 U 22 U 20 U
4-ISOPROPYLTOLUENE 93 250 39 20 U
4-METHYL-2-PENTANONE 30 U 3.7 J 11 U 99 U
ACETONE 1300 22 U 11 U 300
BENZENE 10 J 22 U 22 U 20 U
BROMOBENZENE 6.0 U 22 U 22 U 20 U
BROMOCHLOROMETHANE 6.0 U 22 U 22 U 20 U
BROMODICHLOROMETHANE 6.0 U 190 E 22 U 20 U
BROMOFORM 6.0 U 22 U 22 U 20 U
BROMOMETHANE 12 U 22 U 44 U 40 U
CARBON DISULFIDE 6.0 U 22 U 22 U 2.7 J

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.
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SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
ne/ks ne/ks ne/ks ne/kg
CARBON TETRACHLORIDE 6.0 U 45 U 22 U 20 U
CHLOROBENZENE 6.0 U 22 U 22 U 20 U
CHLOROETHANE 12 U 45 U 44 U 40 U
CHLOROFORM 6.0 U 22 U 22 U 20 U
CHLOROMETHANE 12 U 22 U 44 U 4.0 UL
CIS-1,2-DICHLOROETHENE 6.0 U 22 U 22 U 20 U
CIS-1,3-DICHLOROPROPENE 6.0 U 22 U 22 U 20 U
CYCLOHEXANE 77 22 U 22 U 20 U
DIBROMOCHLOROMETHANE 6.0 U 45 U 22 U 20 U
DIBROMOMETHANE 6.0 U 22 U 22 U 20 U
DICHLORODIFLUOROMETHANE 12 U 22 U 44 U 40 U
DIETHYL ETHER 6.0 U 22 U 22 U 20 U
DI-ISOPROPYL ETHER 6.0 U 22 U 22 U 20 U
ETHYLBENZENE 96 22 U 27 0.89 J
HEXACHLOROBUTADIENE 6.0 U 22 U 22 U 20 U
ISOPROPYLBENZENE 72 3.7 J 30 20 U
M-,P-XYLENE 36 27 U 12 3.6 J
METHYL ACETATE 72 U 2.2 UL 27 U 24 U
METHYL TERT-BUTYL ETHER 6.0 UL 8.9 2.2 UL 20 U
METHYLCYCLOHEXANE 290 11 U 100 4.6
METHYLENE CHLORIDE 30 U 22 U 11 U 9.2 |
NAPHTHALENE 35 22 U 55 20 U
N-BUTYLBENZENE 6.0 U 22 U 22 U 20 U
N-PROPYLBENZENE 6.0 U 21 J 22 U 20 U
O-XYLENE 25 22 U 22 U 20 U
SEC-BUTYLBENZENE 70 22 U 29 20 U
STYRENE 6.0 U 22 U 22 U 20 U
TERT-BUTYLBENZENE 6.0 U 22 U 22 U 20 U
TETRACHLOROETHENE 27 22 U 9.3 20 U
TETRAHYDROFURAN 60 U 22 U 22 U 20 U
TOLUENE 13 6.2 23 2.2 J
TRANS-1,2-DICHLOROETHENE 6.0 U 22 U 22 U 20 U
TRANS-1,3-DICHLOROPROPENE 6.0 U 22 U 22 U 20 U
TRICHLOROETHENE 6.0 U 22 U 22 U 20 U
TRICHLOROFLUOROMETHANE 12 U 45 U 44 U 40 U
VINYL ACETATE 6.0 UL 2.2 UL 2.2 UL 2.0 UL
VINYL CHLORIDE 12 U 45 U 44 U 40 U
XYLENES (TOTAL) 61 58 J 12 ) 3.6 J

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 25
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Table 3B: Untreated/Treated SPLP Analytical Data (SEE Columns): EPA 8260C
SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
pe/L pe/L pne/L pe/L
1,1,1-TRICHLOROETHANE 25 U 25 U 25 U 25 U
1,1,2,2-TETRACHLOROETHANE 25 U 25 U 25 U 25 U
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 25 U 25 U 25 U 25 U
1,1,2-TRICHLOROETHANE 25 U 25 U 25 U 25 U
1,1-DICHLOROETHANE 25 U 25 U 25 U 25 U
1,1-DICHLOROETHENE 25 U 25 U 25 U 25 U
1,2,3-TRICHLOROPROPANE 25 U 25 U 25 U 25 U
1,2,4-TRICHLOROBENZENE 25 U 25 U 25 U 25 U
1,2-DIBROMO-3-CHLOROPROPANE 25 U 25 U 25 U 25 U
1,2-DIBROMOETHANE 25 U 25 U 25 U 25 U
1,2-DICHLOROBENZENE 25 U 25 U 25 U 25 U
1,2-DICHLOROETHANE 25 U 25 U 25 U 25 U
1,2-DICHLOROPROPANE 25 U 25 U 25 U 25 U
1,3-DICHLOROBENZENE 25 U 25 U 25 U 25 U
1,4-DICHLOROBENZENE 25 U 12 U 25 U 25 U
2-BUTANONE 12 U 12 U 12 U 12 U
2-HEXANONE 12 U 12 U 12 U 12 U
4-METHYL-2-PENTANONE 12 U 12 U 12 U 12 U
ACETONE 12 U 25 U 12 U 12 U
BENZENE 25 U 25 U 25 U 25 U
BROMOCHLOROMETHANE 25 U 25 U 25 U 25 U
BROMODICHLOROMETHANE 25 U 25 U 25 U 25 U
BROMOFORM 25 U 50 U 25 U 25 U
BROMOMETHANE 50 U 25 U 50 U 50 U
CARBON DISULFIDE 25 U 25 U 25 U 25 U
CARBON TETRACHLORIDE 25 U 25 U 25 U 25 U
CHLOROBENZENE 25 U 50 U 25 U 25 U
CHLOROETHANE 50 U 25 U 50 U 50 U
CHLOROFORM 25 U 50 U 25 U 25 U
CHLOROMETHANE 50 U 25 U 50 U 50 U
CIS-1,2-DICHLOROETHENE 25 U 25 U 25 U 25 U
CIS-1,3-DICHLOROPROPENE 25 U 25 U 25 U 25 U
CYCLOHEXANE 25 U 25 U 25 U 25 U
DIBROMOCHLOROMETHANE 25 U 50 U 25 U 25 U
DICHLORODIFLUOROMETHANE 50 U 25 U 50 U 50 U
ETHYLBENZENE 25 U 25 U 25 U 25 U
ISOPROPYLBENZENE 25 U 25 U 25 U 25 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.
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SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
pg/L pg/L mHe/L pg/L
M-,P-XYLENE 50 U 50 U 50 U 50 U
METHYL ACETATE 3.8 U 3.8 U 3.8 U 3.8 U
METHYL TERT-BUTYL ETHER 25 U 25 U 25 U 25 U
METHYLCYCLOHEXANE 25 U 25 U 25 U 25 U
METHYLENE CHLORIDE 13 ) 12 U 12 U 170
O-XYLENE 25 U 25 U 25 U 25 U
STYRENE 25 U 25 U 25 U 25 U
TETRACHLOROETHENE 25 U 25 U 25 U 25 U
TOLUENE 25 U 25 U 25 U 25 U
TRANS-1,2-DICHLOROETHENE 25 U 25 U 25 U 25 U
TRANS-1,3-DICHLOROPROPENE 25 U 25 U 25 U 25 U
TRICHLOROETHENE 25 U 25 U 25 U 25 U
TRICHLOROFLUOROMETHANE 50 U 50 U 50 U 50 U
VINYL CHLORIDE 50 U 50 U 50 U 50 U
XYLENES (TOTAL) 75 U 75 U 75 U 75 U
Table 3C: Untreated/Treated Soils Analytical Data (SEE Columns): EPA 8270D
SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
pne/kg pne/kg ne/kg ne/kg
1,1'-BIPHENYL 980 U 960 U 1000 U 1200 U
1,2,4-TRICHLOROBENZENE 980 U 960 U 1000 U 1200 U
1,2-DICHLOROBENZENE 980 U 960 U 1000 U 1200 U
1,2-DIPHENYLHYDRAZINE 2000 U 1900 U 2100 U 2300 U
1,3-DICHLOROBENZENE 980 U 960 U 1000 U 1200 U
1,4-DICHLOROBENZENE 980 U 960 U 1000 U 1200 U
2,2'-OXYBIS(1-CHLOROPROPANE) 980 U 960 U 1000 U 1200 U
2,4,5-TRICHLOROPHENOL 2400 U 2400 U 2600 U 2900 U
2,4,6-TRICHLOROPHENOL 980 U 960 U 1000 U 1200 U
2,4-DICHLOROPHENOL 980 U 960 U 1000 U 1200 U
2,4-DIMETHYLPHENOL 980 U 960 U 1000 U 1200 U
2,4-DINITROPHENOL 2400 U 2400 U 2600 U 2900 U
2,4-DINITROTOLUENE 980 U 960 U 1000 U 1200 U
2,6-DICHLOROPHENOL 980 U 960 U 1000 U 1200 U
2,6-DINITROTOLUENE 980 U 960 U 1000 U 1200 U
2-CHLORONAPHTHALENE 980 U 960 U 1000 U 1200 U
2-CHLOROPHENOL 980 U 960 U 1000 U 1200 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 27
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SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
ne/ks ne/ks ne/kg ne/kg
2-METHYLPHENOL 980 U 960 U 1000 U 1200 U
2-NITROANILINE 2400 U 2400 U 2600 U 2900 U
2-NITROPHENOL 980 U 960 U 1000 U 1200 U
3,3'-DICHLOROBENZIDINE 980 U 960 U 1000 U 1200 U
3-NITROANILINE 2400 U 2400 U 2600 U 2900 U
4,6-DINITRO-2-METHYLPHENOL 2400 U 2400 U 2600 U 2900 U
4-BROMOPHENYL PHENYL ETHER 980 U 960 U 1000 U 1200 U
4-CHLORO-3-METHYLPHENOL 980 U 960 U 1000 U 1200 U
4-CHLOROANILINE 980 U 960 U 1000 U 1200 U
4-CHLOROPHENYL PHENYL ETHER 980 U 960 U 1000 U 1200 U
4-NITROANILINE 2400 U 2400 U 2600 U 2900 U
4-NITROPHENOL 2400 U 2400 U 2600 U 2900 U
BENZIDINE 4400 U 4400 U 4800 U 5300 U
BENZOIC ACID 2400 U 2400 U 2600 U 2900 U
BENZYL ALCOHOL 2000 U 1900 U 2100 U 2300 U
BIS(2-CHLOROETHOXY) METHANE 980 U 960 U 1000 U 1200 U
BIS(2-CHLOROETHYL) ETHER 980 U 960 U 1000 U 1200 U
BIS(2-ETHYLHEXYL) PHTHALATE 980 U 960 U 460 J 1200 U
BUTYL BENZYL PHTHALATE 980 U 960 U 1000 U 1200 U
CAPROLACTAM 980 U 960 U 1000 U 1200 U
CARBAZOLE 980 U 960 U 1000 U 1200 U
CRESOLS, M & P 980 U 960 U 1000 U 1200 U
DIBENZOFURAN 980 U 960 U 1000 U 1200 U
DIETHYL PHTHALATE 980 U 960 U 1000 U 1200 U
DIMETHYL PHTHALATE 980 U 960 U 1000 U 1200 U
DI-N-BUTYL PHTHALATE 980 U 960 U 1000 U 1200 U
DI-N-OCTYLPHTHALATE 980 U 960 U 1000 U 1200 U
HEXACHLOROBENZENE 980 U 960 U 1000 U 1200 U
HEXACHLOROBUTADIENE 980 U 960 U 1000 U 1200 U
HEXACHLOROETHANE 980 U 960 U 1000 U 1200 U
ISOPHORONE 980 U 960 U 1000 U 1200 U
NITROBENZENE 980 ULL 960 ULL 1000 ULL 1200 U
N-NITROSO-DI-N-PROPYLAMINE 980 U 960 U 1000 U 1200 U
N-NITROSODIPHENYLAMINE 980 U 960 U 1000 U 1200 U
PENTACHLOROPHENOL 2400 U 2400 U 2600 U 2900 U
PHENOL 980 U 960 U 1000 U 1200 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit.

28
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Table 3D: Untreated/Treated SPLP Analytical Data (SEE Columns): EPA 8270D
SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
Hg/L Hg/L Hg/L Hg/L

1,1'-BIPHENYL 0.17 U 0.11 U 0.13 0.1 UL
1,2,4,5-TETRACHLOROBENZENE 0.17 U 011 U 011 U 01 U
2,2'-OXYBIS(1-CHLOROPROPANE) 0.25 UL 0.16 UL 0.16 UL 0.16 ULL
2,3,4,6-TETRACHLOROPHENOL 083 U 054 U 054 U 052 U
2,4,5-TRICHLOROPHENOL 0.83 U 054 U 054 U 052 U
2,4,6-TRICHLOROPHENOL 083 U 054 U 054 U 052 U
2,4-DICHLOROPHENOL 1.7 U 1.1 U 11 U 1.0 U
2,4-DIMETHYLPHENOL 12 U 82 U 82 U 7.8 U
2,4-DINITROPHENOL 083 U 054 U 054 U 052 U
2,4-DINITROTOLUENE 0.17 U 0.11 U 011 U 0.10 U
2,6-DINITROTOLUENE 0.17 U 0.11 U 0.11 U 0.10 U
2-CHLORONAPHTHALENE 12 U 82 U 82 U 7.8 U
2-CHLOROPHENOL 0.83 U 054 U 054 U 052 U
2-METHYLNAPHTHALENE 15 L 068 L 16 L 01 U
2-NITROANILINE 0.25 UL 0.16 UL 0.16 UL 0.16 U
2-NITROPHENOL 1.7 U 1.1 U 11 U 1 U
3,3'-DICHLOROBENZIDINE 0.17 UL 0.11 UL 0.11 UL 0.1 ULL
3-NITROANILINE 32 U 21 U 21 U 20 U
4,6-DINITRO-2-METHYLPHENOL 1.2 U 0.82 U 082 U 0.78 U
4-BROMOPHENYL PHENYL ETHER 12 U 82 U 82 U 7.8 U
4-CHLORO-3-METHYLPHENOL 12 U 82 U 82 U 7.8 U
4-CHLOROANILINE 25 U 16 U 16 U 16 U
4-CHLOROPHENYL PHENYL ETHER 042 U 0.27 U 0.27 U 0.26 U
2-METHYLPHENOL 12 U 82 U 82 U 7.8 U
4-NITROANILINE 0.17 U 0.11 U 0.11 U 01 U
4-NITROPHENOL 083 U 054 U 054 U 052 U
ACENAPHTHENE 2.7 J 1.8 J 82 U 7.8 U
ACENAPHTHYLENE 12 U 82 U 82 U 7.8 U
ACETOPHENONE 12 U 82 U 82 U 7.8 U
ANTHRACENE 0.12 JL 0.11 JL 0.11 JL 0.071 )
ATRAZINE 0.17 U 0.11 U 0.11 U 01 U
BENZALDEHYDE 12 U 82 U 82 U 1.8 J
BENZO(A)ANTHRACENE 0.17 UL 0.11 UL 0.11 UL 0.1 UL
BENZO(A)PYRENE 0.17 U 011 U 011 U 01 U
BENZO(B)FLUORANTHENE 0.17 U 0.11 U 0.11 U 0.1 ULL
BENZO(K)FLUORANTHENE 0.17 U 011 U 011 U 01 U
BENZOI[G,H,IIPERYLENE 0.12 ) 0.075 0.082 01 U

U = Not detected at the reporting limit shown

B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 29
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SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
pg/L pg/L pg/L pg/L

BIS(2-CHLOROETHOXY) METHANE 042 U 0.27 U 0.27 U 0.26 U
BIS(2-CHLOROETHYL) ETHER 0.17 U 0.11 U 0.11 U 0.1 ULL
BIS(2-ETHYLHEXYL) PHTHALATE 0.83 UL 0.54 UL 0.54 UL 0.52 ULL
BUTYL BENZYL PHTHALATE 0.83 U 054 U 054 U 052 U
CAPROLACTAM 12 U 82 U 82 U 7.8 U
CHRYSENE 0.17 UL 0.11 UL 0.11 UL 0.1 UL
CARBAZOLE 12 U 82 U 82 U 7.8 U
CRESOLS, M & P 0.83 U 054 U 054 U 052 U
DIBENZO(A,H)ANTHRACENE 0.17 UL 0.11 UL 03 L 01 U
DIBENZOFURAN 0.14 ) 0.11 ) 0.15 0.1 UL
DIETHYL PHTHALATE 12 U 82 U 82 U 7.8 U
DIMETHYL PHTHALATE 12 U 82 U 82 U 7.8 U
DI-N-BUTYL PHTHALATE 1.7 U 11 U 11 U 1 U
DI-N-OCTYLPHTHALATE 083 U 054 U 054 U 052 U
FLUORANTHENE 0.17 UL 0.11 UL 0.11 UL 01 U
FLUORENE 12 U 82 U 82 U 7.8 U
HEXACHLOROBENZENE 0.17 U 0.11 U 0.11 U 01 U
HEXACHLOROBUTADIENE 0.17 U 0.11 U 0.11 U 01 U
HEXACHLOROCYCLOPENTADIENE 0.17 U 011 U 0.11 U 01 U
HEXACHLOROETHANE 0.17 U 0.11 U 0.11 U 01 U
INDENO(1,2,3-CD)PYRENE 0.54 0.35 0.35 01 U
ISOPHORONE 12 U 82 U 82 U 7.8 U
NAPHTHALENE 0.68 0.26 0.7 0.1 U
NITROBENZENE 0.25 U 0.16 U 0.16 U 0.16 U
N-NITROSO-DI-N-PROPYLAMINE 0.17 U 0.11 U 0.11 U 0.1 ULL
N-NITROSODIPHENYLAMINE 0.17 U 0.11 U 0.11 U 01 U
PENTACHLOROPHENOL 0.83 U 054 U 054 U 0.52 ULL
PHENANTHRENE 052 L 048 L 049 L 0.47 LL
PHENOL 12 U 82 U 82 U 7.8 U
PYRENE 0.17 JL 0.18 JL 0.16 JL 0.13 J

U = Not detected at the reporting limit shown

B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 30
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Table 3E: Untreated/Treated Soils Analytical Data (HWF Columns): EPA 8270D_SIM
SEE1 (2PV) SEE2 (6PV)
Compound Baseline Treated Baseline Treated
ng/kg ng/kg ng/kg ng/kg
2-METHYLNAPHTHALENE 1700 620 1800 94 U
ACENAPHTHENE 530 490 560 60 J
ACENAPHTHYLENE 130 97 150 94 U
ANTHRACENE 650 650 830 170 )
BENZO(A)ANTHRACENE 1500 1600 1800 300
BENZO(A)PYRENE 1600 1300 1600 300
BENZO(B)FLUORANTHENE 1100 780 970 200
BENZO(K)FLUORANTHENE 300 160 260 94 U
BENZOI[G,H,I]PERYLENE 1600 1300 1500 180 J
CHRYSENE 3200 2800 2800 540
DIBENZO(A,H)ANTHRACENE 360 300 350 48
FLUORANTHENE 330 390 360 100 )
FLUORENE 760 660 910 100 )
INDENO(1,2,3-CD)PYRENE 660 450 520 74 )
NAPHTHALENE 390 110 450 94 U
PHENANTHRENE 1700 1600 2000 440
PYRENE 9700 7200 9900 1200
U = Not detected at the reporting limit shown
B = Compound detected in method blank
L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample
J = Estimated concentration, below the reporting limit but above the method detection limit. 31
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Table 4A: HWF Flush Water Analysis summary data: EPA 8260C
First Flush | Final Flush
Compound ug/L pg/L
1,1,1-TRICHLOROETHANE 0.50 U 0.50 U
1,1,2,2-TETRACHLOROETHANE 050 U 050 U
1,1,2-TRICHLOROETHANE 0.50 U 0.50 U
1,1-DICHLOROETHANE 0.50 U 050 U
1,1-DICHLOROETHENE 0.50 U 0.50 U
1,1-DICHLOROPROPENE 0.50 U 050 U
1,2,3-TRICHLOROBENZENE 0.50 U 0.50 U
1,2,3-TRICHLOROPROPANE 14 9.4
1,2,4-TRICHLOROBENZENE 0.50 U 0.50 U
1,2,4-TRIMETHYLBENZENE 0.21 J 050 U
1,2-DIBROMO-3-CHLOROPROPANE 1.0 U 1.0 U
1,2-DIBROMOETHANE 050 U 050 U
1,2-DICHLOROBENZENE 0.39 J 0.19 J
1,2-DICHLOROETHANE 2.2 3.0
1,2-DICHLOROETHYLENE 1.0 U 1.0 U
1,2-DICHLOROPROPANE 0.50 U 050 U
1,3,5-TRICHLOROBENZENE 0.50 U 0.50 U
1,3,5-TRIMETHYLBENZENE 050 U 050 U
1,3-DICHLOROBENZENE 050 U 0.50 U
1,3-DICHLOROPROPANE 0.50 U 050 U
1,4-DICHLOROBENZENE 050 U 0.50 U
2,2-DICHLOROPROPANE 0.50 U 050 U
2-BUTANONE 11 9.4
2-CHLOROTOLUENE 050 U 050 U
2-HEXANONE 25 U 25 U
4-CHLOROTOLUENE 050 U 050 U
4-METHYL-2-PENTANONE 25 U 25 U
ACETONE 110 40
BENZENE 25 U 25 U
BROMOBENZENE 050 U 050 U
BROMOCHLOROMETHANE 050 U 0.50 U
BROMODICHLOROMETHANE 050 U 050 U
BROMOFORM 050 U 0.50 U
BROMOMETHANE 1.0 U 1.0 U
CARBON DISULFIDE 0.25 J 0.50 J
CARBON TETRACHLORIDE 0.50 U 050 U
CHLOROBENZENE 050 U 0.50 U
CHLOROETHANE 1.0 U 1.0 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 32
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First Flush | Final Flush
Compound ug/L pg/L
CHLOROFORM 2.9 4.2
CHLOROMETHANE 1.0 U 10 U
CIS-1,2-DICHLOROETHENE 0.50 U 050 U
CIS-1,3-DICHLOROPROPENE 0.50 U 0.50 U
CYCLOHEXANE 0.50 U 050 U
DIBROMOCHLOROMETHANE 0.50 U 0.50 U
DIBROMOMETHANE 0.50 U 050 U
DICHLORODIFLUOROMETHANE 1.0 U 10 U
DIETHYL ETHER 0.50 U 050 U
DI-ISOPROPYL ETHER 0.50 U 0.50 U
ETHYLBENZENE 25 U 25 U
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.50 U 0.50 U
HEXACHLOROBUTADIENE 0.75 U 075 U
ISOPROPYLBENZENE 05 U 05 U
M- AND P-XYLENE 1.0 U 1.0 U
METHYL ACETATE 0.75 U 0.75 U
METHYL TERT-BUTYL ETHER 050 U 0.50 U
METHYLCYCLOHEXANE 0.50 U 0.50 U
METHYLENE CHLORIDE 25 U 25 U
NAPHTHALENE 15 6.5
N-BUTYLBENZENE 050 U 050 U
N-PROPYLBENZENE 0.50 U 0.50 U
O-XYLENE 0.50 U 0.26 J
4-ISOPROPYLTOLUENE 0.50 U 0.50 U
SEC-BUTYLBENZENE 0.50 U 050 U
STYRENE 0.50 U 0.50 U
TERT-BUTYLBENZENE 050 U 0.50 U
TETRACHLOROETHENE 0.50 U 0.50 U
TETRAHYDROFURAN 50 U 50 U
TOLUENE 0.40 J 0.30 J
TRANS-1,2-DICHLOROETHENE 050 U 050 U
TRANS-1,3-DICHLOROPROPENE 0.50 U 0.50 U
TRICHLOROETHENE 050 U 050 U
TRICHLOROFLUOROMETHANE 1.0 U 10 U
VINYL ACETATE 0.50 U 050 U
VINYL CHLORIDE 10 U 10 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 33
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Table 4B: HWF Flush Water Analysis summary data: EPA 8270D
First Flush | Final Flush

Compound pg/L pg/L
1,1'-BIPHENYL 75 U 75 U
1,2,4-TRICHLOROBENZENE 75 U 75 U
1,2-DICHLOROBENZENE 75 U 75 U
1,2-DIPHENYLHYDRAZINE 15 U 15 U
1,3-DICHLOROBENZENE 75 U 75 U
1,4-DICHLOROBENZENE 75 U 75 U
2,2'-OXYBIS(1-CHLOROPROPANE) 75 U 75 U
2,4,5-TRICHLOROPHENOL 19 U 19 U
2,4,6-TRICHLOROPHENOL 75 U 75 U
2,4-DICHLOROPHENOL 75 U 75 U
2,4-DIMETHYLPHENOL 75 U 75 U
2,4-DINITROPHENOL 19 U 19 U
2,4-DINITROTOLUENE 75 U 75 U
2,6-DICHLOROPHENOL 75 U 75 U
2,6-DINITROTOLUENE 75 U 75 U
2-CHLORONAPHTHALENE 75 U 75 U
2-CHLOROPHENOL 75 U 75 U
2-METHYLPHENOL 75 U 75 U
2-NITROANILINE 19 U 19 U
2-NITROPHENOL 75 U 75 U
3,3'-DICHLOROBENZIDINE 75 U 75 U
3-NITROANILINE 75 U 19 U
4,6-DINITRO-2-METHYLPHENOL 19 U 19 U
4-BROMOPHENYL PHENYL ETHER 19 U 75 U
4-CHLORO-3-METHYLPHENOL 75 U 75 U
4-CHLOROANILINE 75 U 75 U
4-CHLOROPHENYL PHENYL ETHER 75 U 75 U
4-NITROANILINE 75 U 19 U
4-NITROPHENOL 19 U 19 U
BENZIDINE 19 U 38 ULL
BENZOIC ACID 38 ULL 19 U
BENZYL ALCOHOL 19 U 15 U
BIS(2-CHLOROETHOXY) METHANE 15 U 75 U
BIS(2-CHLOROETHYL) ETHER 56 J 75 U
BIS(2-ETHYLHEXYL) PHTHALATE 14 75 U
BUTYL BENZYL PHTHALATE 75 U 75 U
CAPROLACTAM 75 U 1.6 JL
CARBAZOLE 7.5 UL 75 U

U = Not detected at the reporting limit shown
B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 34
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First Flush | Final Flush

Compound pg/L pg/L
CRESOLS, M & P 75 U 75 U
DIBENZOFURAN 75 U 75 U
DIETHYL PHTHALATE 75 U 75 U
DIMETHYL PHTHALATE 75 U 75 U
DI-N-BUTYL PHTHALATE 75 U 75 U
DI-N-OCTYLPHTHALATE 75 U 75 U
HEXACHLOROBENZENE 75 U 75 U
HEXACHLOROBUTADIENE 75 U 75 U
HEXACHLOROETHANE 75 U 75 U
ISOPHORONE 75 U 75 U
NITROBENZENE 7.5 ULL 7.5 ULL
N-NITROSO-DI-N-PROPYLAMINE 75 U 75 U
N-NITROSODIPHENYLAMINE 75 U 75 U
PENTACHLOROPHENOL 19 U 19 U
PHENOL 75 U 75 U

U = Not detected at the reporting limit shown

B = Compound detected in method blank

L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 35
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Table 4C: HWF Flush Water Analysis summary data: EPA 8270D_SIM

First Flush | Final Flush
Compound pg/L pg/L
2-METHYLNAPHTHALENE 18 0.10 U
ACENAPHTHENE 1.1 0.89
ACENAPHTHYLENE 0.10 U 0.10 U
ANTHRACENE 0.73 0.33
BENZO(A)ANTHRACENE 0.10 U 0.11 )
BENZO(A)PYRENE 0.10 U 0.10 U
BENZO(B)FLUORANTHENE 0.13 0.10 J
BENZO[G,H,I]PERYLENE 0.10 U 0.10 U
BENZO(K)FLUORANTHENE 0.10 U 0.10 U
CHRYSENE 0.10 U 0.10 U
DIBENZO(A,H)ANTHRACENE 0.10 U 0.10 U
FLUORANTHENE 0.21 0.15 J
FLUORENE 15 1.0
INDENO(1,2,3-CD)PYRENE 0.10 U 0.10 U
NAPHTHALENE 22 3.1
PHENANTHRENE 3.9 1.4
PYRENE 0.59 0.72

U = Not detected at the reporting limit shown
B = Compound detected in method blank
L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 36
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Attachment 1

KEMRON’S TREATABILITY STUDY FINAL REPORT

U = Not detected at the reporting limit shown
B = Compound detected in method blank
L = Compound did not meet DoD criteria in the corresponding Laboratory Control Sample

J = Estimated concentration, below the reporting limit but above the method detection limit. 37
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1.0 INTRODUCTION

KEMRON Environmental Services, Inc. (KEMRON) is pleased to present TerraTherm with the
results of thermal testing performed on materials from the Naval Weapons Industrial Reserve
Plant Bethpage, New York site. The bench-scale treatability study was performed on impacted
site material collected from the site. The site material was identified as impacted with #6 fuel oil,
predominantly polycyclic aromatic hydrocarbons (PAHS) present as viscous light non-aqueous
phase liquid (LNAPL).

The treatability study was conducted to determine the characteristics of the NAPL over a
varying range of temperatures, evaluate the treatment effectiveness of Steam Enhanced
Extraction (SEE), and Hot Water Flushing (HWF) thermal treatments at removing NAPL and
reducing total concentrations of PAHs and Total Petroleum Hydrocarbons (TPH) in the site
material, and to understand the leaching potential of contaminants after thermal treatment.
Treatability testing was conducted in accordance with the Treatability Study Work Plan (TSWP)
dated May 13, 2015. A copy of the SOW was prepared prior to initiating testing of the site
materials and is included in Appendix A. Testing protocol as outlined in the SOW, as well as
any modifications or changes were established from direct communications between KEMRON,
and TerraTherm.

All thermal treatment simulations as well as physical properties testing were performed by
KEMRON'’s Atlanta, Georgia laboratory. NAPL characterization was conducted by PTS
laboratories, and all analytical testing was conducted by Katahdin Laboratories which was
directly subcontracted and managed by Resolution Consultants. As such, the results and
discussions of analytical testing are not included in this report.

2.0 MATERIAL RECIEPT, HOMOGENIZATION, AND CHARACTERIZATION

On June 5, 2015 KEMRON received two 5-gallon containers of site soil as well as two 4-ounce
sample jars of NAPL from the site monitoring well MW-2. A copy of the material chain of custody
is presented in Appendix B. Immediately following sample receipt, KEMRON logged the
sample into a sample tracking database and placed the material in a 4-degree Celsius (°C)
walk-in cooler for storage. Photographs of the as-received materials are included in Appendix
F.

Prior to testing, KEMRON homogenized the untreated site soil material from both 5-gallon
buckets to ensure a uniform material for testing. Homogenization was performed by placing the
contents of the shipping containers into a pre-cleaned plastic mixing pan and gently blending by
hand using a stainless steel spoons until visually homogenous. During homogenization,
KEMRON removed approximately 2,330 grams (g) of oversized debris, greater than 0.5 inches
in diameter, from the site soil. This represents less than 0.5% of the entire mass of the sample.
Removal of oversized material is in accordance with certain ASTM and EPA testing
requirements. Note that homogenization was conducted on the chilled site material to reduce
potential volatilization of organic constituents. Photographs of the homogenized material are
included in Appendix F.
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KEMRON conducted the following characterization testing on the untreated site material in
accordance with the referenced test methods:

Parameter Method
Moisture Content ASTM D2216
Moisture Content @ 300C | ASTM D2216 Mod.
Bulk Density ASTM D7263
Specific Gravity ASTM D854
Flash Point ASTM D3278
Porosity Calculated

Additionally, aliquots of the homogenized site material were forwarded to Katahdin for analytical
characterization including Total PAHSs, Total VOCs, Synthetic Precipitation Leaching Procedure
(SPLP) PAHs and SPLP VOCs. Samples of the NAPL material were also forwarded to PTS
laboratories for NAPL Density, viscosity, and surface tension conducted at temperatures
including ambient, 50°C and 90°C. Copies of the untreated material physical properties testing
data sheets conducted by KEMRON as well as untreated NAPL testing data reports from PTS
are included in Appendix C.

The results of physical properties characterization testing are presented in Table 1. Laboratory
data sheets are provided in Appendix C. The results of physical characterization testing
performed on the untreated soil indicated that the site material had a natural ASTM moisture
content of 9.96 percent (%) utilizing a drying temperature of approximately 110°C, a bulk unit
weight (density) of 129 pounds per cubic foot (pcf), a specific gravity of 2.42, and a flashpoint of
125 degrees Fahrenheit. Based on the moisture, density and specific gravity, KEMRON
calculated that the site material had a porosity of 22.0%. It was determined following review of
the untreated material data as well as visual observations that the porosity of the site material
utilizing the approximate 110°C moisture content data may not accurately reflect the porosity of
the site material. Actual NAPL material was observed in the interstitial spaces of the 110°C
moisture content residual, and KEMRON recommended conducting an additional moisture
content testing using a drying temperature of 300°C to further remove interstitial NAPL liquid
material to reflect a more accurate material porosity. Moisture content testing at a temperature
of 300°C resulted in an aqueous content of 13.5%, and a porosity using this modified data of
24.4%.

Table 2 summarizes the results of testing conducted by PTS laboratories on the site NAPL
material. A review of results indicates that the NAPL material exhibited a specific gravity and
density of less than 1.0 at all three temperatures. The interfacial / surface tension was
measured at 75°F, at 122°F, and 151°F resulting in of 35.7, 30.6, and 29.1 dynes/cm,
respectively. The testing revealed a flashpoint of 105°F for the NAPL. The viscosity of the
NAPL material was 122,000 centistokes at an ambient temperature of 76°F, a result which may
indicate non-Newtonian flow, and greatly reduced viscosities when heated with a low viscosity
of 98.7 centistokes at a temperature of 194°F (90°C).
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3.0 THERMAL TREATMENT EVALUATIONS

The treatment evaluations of the site materials were performed to evaluate the effectiveness of
thermal treatments at reducing total concentrations of the contaminants of concern (COCs) from
the site material. The thermal evaluations were performed in accordance with Section 4.0 of
the TSWP. Any changes or deviations to the TSWP will be discussed in this section of the
report.

Treatment simulations that were evaluated included two Hot Water Flushing (HWF) evaluations
conducted at a water temperature of approximately 55°C, and two SEE treatment simulations
with a target soil temperature of approximately 100°C. Complete thermal treatment data and
monitoring sheets are included in Appendix D of this report. All data sheets for post treatment
testing performed by KEMRON including material pH, and moisture content evaluations are
included in Appendix E. Photographs of thermal testing and materials are included in
Appendix F.

3.1 SEE Testing

KEMRON performed two individual SEE treatment simulations on the site soil in accordance
with Section 4.0 of the TSWP. Testing was performed by compacting aliquots of the site soil
into stainless steel cylindrical reactors to the predetermined soil density and the pore volume of
each sample was calculated according to the moisture content, volume and density of soll
present in the reactors. Water was passed through the test cylinders in the form of steam at two
guantities including 2PV (two pore volumes) and 6PV (six pore volumes). Once the sall
reached the approximate treatment temperature of 100°C, steam was introduced into the soil
reactor. When approximately one half of a PV had passed through the reactor, KEMRON
began pressure cycling as outlined in the TSWP.

Test data, including information regarding total test time, total duration of steam injection,
pressurization cycles performed, pressurization times, maximum soil temperature, pressure and
temperature increases experienced during each cycle, and collected effluent pH is summarized
in Tables 3 and 4.

3.1.1 2PV SEE Testing

Approximately 1,295 grams of site soil was compacted into the test reactor to a density similar
to that determined during untreated soil characterization, and the sample pore volume was
calculated based on the soil porosity and the volume of soil in the test reactor. The test cylinder
was attached to the treatment system and testing was initiated on June 22, 2015. A total of
320.02 ml of water, based on the calculated pore volume of the soil material in the test reactor,
was passed through the test cylinder in the form of steam. Review of the testing data indicates
that the site soil reached a temperature of 95.1°C after approximately 2.5 hours of heating. The
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steam valve was opened and steam began flowing into the treatment reactor. Steam was
passed through the sample for 3.2 hours prior to beginning pressure cycling. Review of Table 3
shows that over the course of testing, a total of 5 pressure cycles were applied to the test
system. The pressurization times ranged from 46 to 98 minutes which were longer than
anticipated. Note that Cycle 5, which took only 46 minutes, was shortened due to the depletion
of all of the water in the steam generator. During the pressurization cycles the soil experienced
pressure increases ranging from 2.1 to 5.4 PSIG, and temperature increases ranging from
8.3°C to 3.5°C. Both the pressure and temperature increases are directly correlated to the
pressurization cycles.

The total duration of the 2PV SEE test was 22.17 hours, and steam was injected into the soil for
9.62 hours of that duration. KEMRON collected a total of 320 ml of effluent from the SEE test.
The condensate had a slight brown color and had a distinct petroleum odor and had a material
pH of 6.85 standard units. A graphical presentation of temperature monitoring activities is
shown in Figure 1. Figure 1 shows the process components including steam generator, steam
oven, soil, and soil oven temperatures collected from the thermocouple dataloggers.

3.1.2 6 PV SEE Testing

KEMRON compacted 1,352 grams of the untreated site material into the cylindrical reactor to
the approximate untreated soil density and was attached to the treatment system, and the soil
pore volume was calculated based on the soil porosity and the volume of soil present in the
reactor. A total of 951 ml of de-ionized water, calculated based on the 6PV target, was placed
into the steam generator. Testing was initiated on June 24, 2015 by heating the steam
generator and the soil reactor to the target temperature of approximately 100°C. Review of the
6PV SEE testing data shows that a total of 2.35 hours were required to heat the soil to the
target temperature. The steam influent valve was then opened and steam was allowed to pass
into the soil reactor. After an additional 78 minutes, KEMRON had collected the required 0.5PV
of effluent and pressure cycling was initiated. A total of 5 pressure cycles were achieved on
Day 1 of the treatment simulation at which time the shutoff valves located on either end of the
soil reactor was closed and heating was suspended overnight. On Day 2 the soil and steam
heating commenced and once the appropriate soil and steam temperatures were achieved,
pressure cycling was resumed. An additional 10 pressure cycles were conducted. The data
presented in Table 3 shows that the 6PV SEE test experienced 15 cycles of pressurization.
The pressurization times ranged from 25 to 88 minutes, and pressure increases ranged from 5.0
to 7.6 PSIG. Temperature increases of 7.9 to 11.9°C were accomplished from pressure cycling.

The total duration of the 6PV SEE testing was 46.3 hours and steam was introduced into the
soil material for 13.88 hours. A total of 955 ml of condensate was collected during testing. The
collected condensate was tan brown in color with a distinct layer of LNAPL on the surface of the
condensate. Additionally, the condensate had a distinctive chemical and petroleum odor and
had a material pH of 6.67 standard units. Temperature monitoring activities using
thermocouples and multi-channel dataloggers are included in Figure 2.



SHO0582
Ensafe Bethpage, NY Thermal Treatability Study July 30, 2015

3.2 Hot Water Flushing

Hot water flushing was performed on the site material in accordance with the protocol outlined in
Section 4.0 of the TSWP. The two tests were performed using feed water heated to a
temperature of approximately 55 °C with pore volume water introductions equal to 15 and
30PV. Note that the quantities of water necessary to achieve the targeted PV values were
calculated based on the volume of the soil material inside the test reactors utilizing the modified
moisture content determined from untreated moisture testing at 300°C. The heated flush water
was injected into the soil reactor at a rate of approximately 10PV/6 hours. Tap water exhibiting
a material pH of 6.9 standard units (s.u.) was heated to the appropriate target temperature using
a laboratory heating magnetic stir plate. The soil was compacted into a stainless steel
cylindrical treatment column which was placed into a laboratory oven and heated. The heated
water was then pumped through the soil from the top of the cylinder to the bottom, at a rate
equal to approximately 4.5 milliliters per minute (ml/min) which equals to 10 PV per work day,
approximately 6 hours. Note that in order to complete the 15 PV HWF test in a single day, the
heated water feed rate was increased to approximately 7.5 ml/min. The effluent water and any
off-gases were passed through a cold water condenser and collected in batches of
approximately 1,000ml, and composited into a single container for each test conducted.
Following the introduction of the appropriate quantity of hot water KEMRON performed pH
testing on the effluent water from each evaluation.

A summary of information collected during the HWF testing is presented in Table 5. This table
presents the total time that heated water was passed through the site soil, the minimum,
maximum and average temperature of the soil material during flushing, and the pH of the
composited effluent water following testing.

3.2.1 15 and 30 PV 55°C Hot Water Flush

KEMRON conducted both the 15 and 30 PV HWF evaluations simultaneously using a single
heating oven with two separate treatment systems. Each test cylinder was charged with an
aliquot of the site soil which was compacted into the test reactor to the approximate density
determined during untreated soil material characterization, and the pore volume of each soll
was calculated based on the soil porosity and the volume of soil in each test reactor. The
reactors were then connected to the treatment system consisting of a heated water vessel,
peristaltic pump for transfer of the heated water into the reactor, and an effluent / off-gas
collection system including a cold water condenser and condensate collection vessel. Prior to
soil heating and water introduction, KEMRON performed a leak test on both systems by
pressurizing the systems to approximately 5.0 psi using breathing quality compressed air. Over
a 10 minute pressurization period KEMRON did not observe any drop in pressure and the
systems were determined to be leak free.

Testing was initiated on 6/15/2015 by beginning heating of the feed water and the test soil. The
15PV HWF test was completed by injecting a total of 2,644 ml of heated water over a period of
333 minutes into the test reactor, an average water injection rate of 7.94 milliliters per minute
(ml/min). The injection rate was checked periodically throughout the testing to maintain a fairly
consistent flow rate. For the 30PV HWF simulation a total of 4,902 ml of heated water was
injected into the reactor over a period of 3 days using a peristaltic pump. Over the course of the



SHO0582
Ensafe Bethpage, NY Thermal Treatability Study July 30, 2015

3-day test KEMRON did observe slight variations in the hot water injection rate. Specifically, on
day one 1,409 ml of water was injected over a period of 305 minutes, an injection rate of 4.62
ml/min, on day two 1,765 ml of heated water was injected over a period of 410 minutes, an
injection rate of 4.3 ml/min, and on day three the remaining 1,728 ml of flush water was injected
for 325 minutes, an average flow rate of 5.3 ml/min. The injection rate was checked periodically
throughout the testing to maintain a fairly consistent flow rate. During periods when water was
not being pumped through the system, the feed water was not heated and the soil reactor was
isolated by closing valves on both ends of the soil reactor, and the oven temperature was
reduced. Graphical presentations of temperature monitoring activities for the two HWF tests are
presented in Figures 3 and 4. During the HWF testing KEMRON did not observe any visual
evidence of NAPL present in the collected effluent waters.
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TABLE 1

UNTREATED PHYSICAL PROPERTIES TESTING

SAMPLE
TESTING PARAMETER TEST METHOD UNIT . .
SitedTS-NAPL (Soil)
Moisture Content ASTM D2216
ASTM Moisture Content % 9.96
Percent Solids % 90.95
Modified Moisture Content* ASTM D2216 Mod.*
ASTM Moisture Content % 13.50
Percent Solids % 88.10
Bulk Unit Weight ASTM D7263 pcf 129.6
Specific Gravity ASTM D854 2.42
Flash Point ASTM D3278 °F 125.0
ASTM D7263 X1
Porosity (Calculated) % 22.0
ASTM D7263 X1 Mod
Porosity Modified (Calculated) % 24.4
Notes:

% = Percent

pcf = pounds per cubic foot

°F = Degrees Fahrenheit

*QOven temperature increased to 300°C to remove NAPL from pore space
Modified Porosity was calculated using the 300C moisture content value.

Page 1 of KEMRON Environmental Services, Inc.
Table 1 - Untreated Physical Properties Testing 1 Applied Technologies Group
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TABLE 2

NAPL PHYSICAL PROPERTIES TESTING

SAMPLE
TESTING PARAMETER TEST METHOD UNIT SitedTS-NAPL MW+
02
Specific Gravity API RP40
76°F 0.9881
122 °F 0.9836
194 °F 0.9778
Density ASTMD1481
76°F (26.1C) g/cc 0.9854
122 °F (50 C) glcc 0.9719
194 °F (90 C) glcc 0.9439
Interfacial/Surface Tension ASTM D971 Dynes/cm
75°F (23.9C) 35.7
122°F (50 C) 30.6
151°F (66.1 C) 29.1
Flash Point ASTM D3278 °F 105
Viscosity ASTM D445
Centistokes
79°F 122000*
122 °F 1030
194 °F 98.7
Centipoise
79°F 120000
122 °F 1000
194 °F 93.1
Notes:

*High viscosity at ambient temperature may indicate non-Newtonian flow;

actual viscosity at ambient temperature may be lower than that measured by glass capillary viscom
g/cc = grams per cubic centimeter

Dynes/cm = Dynes per centimeter

°F = Degrees Farenheit

C= Celsius

Page 1 of KEMRON Environmental Services, Inc.
Table 2 - NAPL Physical Properties Testing 1 Applied Technologies Group
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TABLE 3

SUMMARY OF SEE TEMPERATURE MONITORING

Sample ID
SITEATS-SEEL - 2PV SITEATS-SEE2 - 6PV
Pressurization Pressure Temp |Depressurization| Pressurization Pressure Temp Depressurization
Parameter . Max Temp ) . Max Temp )
Time Increase Increase Time Time Increase Increase Time
(min) (°Q) (PSIG) (°Q) (min) (min) (°Q) (PSIG) (°Q) (min)

Pressure Cycle 1 80 105.5 5.2 6.6 10 88 108.3 6.1 8.3 10
Pressure Cycle 2 98 106.6 5.4 8.2 10 78 108.7 6.4 9.6 10
Pressure Cycle 3 82 106.3 5.3 8.3 11 51 108.8 6.2 9.9 16
Pressure Cycle 4 77 105.9 5.3 7.6 10 49 109.9 6.7 11.2 11
Pressure Cycle 5 46 101.9 219 3.5 10 57 109.8 6.6 10.9 9
Pressure Cycle 6 48 109.8 6.8 10.4 10
Pressure Cycle 7 37 108.4 5.8 8.7 10
Pressure Cycle 8 51 110.3 7.0 111 10
Pressure Cycle 9 43 109.3 6.4 10.1 12
Pressure Cycle 10 41 108.8 6.1 9.7 10
Pressure Cycle 11 43 109.2 6.4 10.0 14
Pressure Cycle 12 52 110.9 7.6 11.9 11
Pressure Cycle 13 41 109.5 6.6 10.6 10
Pressure Cycle 14 45 110.6 7.3 10.8 13
Pressure Cycle 15 25 106.9 5.0 7.9 10
Total Duration of Testing (; 22.17 Hours 46.3 Hours

Total Time During Steam Injection 9.62 Hours 13.88 Hours

Final Soil Moisture Content (%) 6.68 7.18

Collected Effluent pH (s.u.) 6.85 6.67

Notes

(1) - The total duration of testing was determined from the time heating was first initiated until the sample reached ambient temperature when testing was completed.

(2) - This value represents the actual amount of time the soil reactor was in contact with steam, including times during pressurization.
(3) - pressure cycle 5 had lower pressure increase due to steam box being empty and no longer producing steam.

Table 3 - Summary of SEE Temperature Data

Page 1 of 1

KEMRON Environmental Services, Inc.

Applied Technologies Group
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Table 4

SUMMARY OF SEE THERMAL TESTING

Sample ID
Test Parameter Unit SitedTS-SEEL1 (2PV) | SitedTS-SEE2 (6PV)

Sample Density Ibs/ft® 128.0 129.7
Sample Porosity % 25.3 24.3
Initial Moisture Content % 9.96 9.96
Treatment Temperature °C 100.0 100.0
Length of Treatment* Hours 22.17 46.30

Intial Weight of Soil g 1,295.5 1,352.0

Final Weight of Soil g 1,323.5 1,350.5
Change in Weight g +28.0 -15
Final Moisture Content % 6.68 7.18
Actual PV Injected 1.99 5.99
Condensate pH S.u. 6.85 6.67
Total Condensate Collected rT?L 331286?02 zgig

Notes:

lbs/ft>= pounds per cubic foot
%= percent

°C= degrees celsius

g= grams

mL= milliliters

s.u. = standard units

*Length of treatment determined from time initial heating started until sample

reached ambient temperature when testing was completed

Applied Technologies Group,
KEMRON Environmental Services, Inc.

Table 4 - Summary of SEE Testing Page 1of 1
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Table 5

Summary of Hot Water Flush Temperature Monitoring

Time at Soil Temperature During Treatment Final Soil Effluent
i
Sample Temperature (min) Minimum Maximum Average Moisture pH
ur 1 S =) =)

P (°C) (°0) (°C) (%) (s-u.)
15 PV Water Flush 333 529 55.3 54.6 8.64 5.99
30 PV Water Flush
Interval 1 305 54.2 56.5 55.8
Interval 2 410 54.0 56.3 55.7 10.10 6.60
Interval 3 325 53.7 56.1 55.3
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Figure 1
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FIGURE 2
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Figure 3

Site4TS-HWF1
Temperature Monitoring Graph
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Figure 4

Site4TS-HWF2
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1. Introduction

A bench-scale treatability study will be performed on contaminated soil from Site 4 of the
Naval Weapons Industrial Reserve Plant, Bethpage located in Bethpage New York:

e Coarse Sand
Site 4 soils are contaminated with the following:

o #6 Fuel Qil, present as light non-aqueous phase liquid (LNAPL)
o Chemicals of Concern include Polycyclic Aromatic Hydrocarbons (PAHS).

It should be noted that LNAPL is thought to be present in a solidified (or, at a minimum,
very viscous) form in the impacted soil.

The objectives of the treatability study are as follows:

#1: Understand LNAPL characteristics (density, viscosity, surface tension) over a
range of temperatures, as applicable

#2: Determine interim removal rates of PAHs from bench-scale thermal simulations
#3: Determine extent of PAH removal from bench-scale thermal simulations

#4. Understand the leaching potential of PAHs following the bench-scale thermal
simulations

The following sections discuss the bench-scale testing that will be completed to evaluate
the objectives presented above. Additional details are presented in the tables attached to
this plan. The following acronyms defined here are referred to in the remainder of this
document:

e Steam Enhanced Extraction (SEE)
e Hot Water Flush (HWF)

2. Site Geology & Background

Site 4 was impacted by a release of No. 6 Fuel Oil from underground storage tanks
between 1940s and 1982. The release resulted in petroleum-contaminated soil and semi-
solid petroleum product at a depth of approximately 20 to 71 ft bgs. Free product is not
readily water soluble, lighter than water, generally very viscous and is mostly adsorbed
onto site soils.
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= Fat

W 2010 Water Table

Clean

General site geology at the site includes the following:

o Gravel fill material at ground surface
Fine to coarse sand with trace clay, gravel and silt to ~80 ft bgs (treatment from 20
— 71 ft bgs)

3. Sample Collection, Shipping & Storage

Resolution Consultants will collect impacted soil that will be used for the bench test in the
field. The soil will be homogenized prior to sending to KEMRON. In addition, Resolution
Consultants will be sending the (homogenized) soil for a field baseline chemical analysis.

It is possible that LNAPL may be mobile enough to collect a sample from existing wells on
site. If this is the case, product may be collected and shipped directly to PTS for analysis.

It should be noted that all sample collection, transport/shipping, labeling, receiving,
storage, and preparation will be performed in accordance with the following Standard
Operating Procedures (SOPs) supplied by Resolution Consultants to TerraTherm via
email on May 4, 2015 (and thus provided by TerraTherm to KEMRON via email on May 5,
2015). These procedures are generally considered good laboratory practice. Any
exceptions to these procedures will be outlined in this Work Plan.

3-02 Logbooks

3-03 Recordkeeping, Sample Labeling, and Chain of Custody
3-04 Sample Handling Storage and Shipping

3-06 Equipment Decontamination

3-16 Soil and Rock Classification
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4. Analytical Testing of the Untreated Soil Material

As the first step of this treatability study, untreated soil characterization will be performed
to provide a baseline for evaluating the effectiveness of contaminant removal for the
various thermal treatment simulations included in this study and to provide
physical/geotechnical parameters to prepare, in part, the necessary calculations for
thermal testing protocols. Chemical baseline testing will be performed on each thermal test
chamber (i.e. 2 SEE columns and 2 HWF columns).

The following testing will be performed on the untreated soil provided for the study, as
shown in Table 1. It should be noted that for all chemical VOC/SVOC testing, the
laboratory will provide sample chromatograms/total ion chromatograms.

In addition to the untreated soil testing performed at KEMRON, a “field baseline” will also
be submitted by Resolution Consultants. If VOCs and/or metals are not significantly
detected in the field baseline, VOCs and/or metals analyses may be omitted from the
thermal treatability study.

Table 1. Characterization of untreated materials

# analysis | Total #
/ sample of

Nur(;]fber Matrix samples Analytical

Samples Method Lab
SVOCs: PAHSs only 4 Soil EPA SW846 8270D 1 4 Katahdin

EPA SW846
SPLP SVOCs (PAHSs only) 4 Soil 1312/8270D 1 4 Katahdin
VOC:s (if needed) 4 Soil EPA 8260C 1 4 Katahdin
SPLP VOCs (if needed) 4 Soil EPA 1312/8270D 1 4 Katahdin
TAL Metals (if needed) 4 Soil EPA 6010C/7471B 1 4 Katahdin
EPA

SPLP Metals (if needed) 4 Soil 1312/6010C/7471B 1 4 Katahdin
Bulk Density 1 Soil ASTM D7263 1 1 KEMRON
Solid Specific Gravity 1 Soil ASTM D854 1 1 KEMRON
Moisture Content 1 Soil ASTM D2216 1 1 KEMRON
Porosity 1 Soil Calculation 1 1 KEMRON
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5. LNAPL Generation

A sufficient amount of site soil contaminated with solidified LNAPL will be provided to
ensure that LNAPL quantities generated from the following procedure, or similar,
(performed by KEMRON in Atlanta GA) are sufficient for physical property testing stated
later in this section:

. Necessary quantities (as estimated and provided for by Resolution
Consultants) of site soil contaminated with solidified LNAPL will be heated to
temperatures no greater than 100°C unless authorized by
TerraTherm/Resolution Consultants. KEMRON will provide observations of
LNAPL production and TerraTherm/Resolution Consultants will determine
whether increasing temperatures to facilitate LNAPL release is required.

. During heating, materials will be agitated by physical means, i.e., stirring
. The observed phase separation will occur
. Liguefied LNAPL will be removed by decanting to achieve the final quantities

required for testing, i.e., 2L

Materials will be shipped to PTS for analysis.

6. LNAPL Testing

LNAPL recovered from the site soil will be subjected to the following testing to observe
heating effects on this material:

1. LNAPL will be tested at ambient temperatures, 50°C and 90°C; and the following
will be measured at each temperature:

. Density

. Viscosity

2. LNAPL will be tested for the following at ambient temperatures and 50°C.

Surface Tension

Note, accurate measurements at 50°C may not be attainable; therefore, a slightly lower
temperature may be reported instead. Testing will include air/LNAPL, water/LNAPL, and
water/air as a reference. Currently tap water will be used for the water source unless site
groundwater is provided.

Density, viscosity and surface tension will be performed by PTS Laboratories in Santa Fe
Springs under the direction of KEMRON. The data collected will directly contribute to full-
scale expectations when heating LNAPL, i.e., magnitude of viscosity reductions and
recoverability of the product.

3. Flash Point
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Flash point will be tested by KEMRON, unless LNAPL is mobile enough to be collected
from wells onsite and shipped directly to PTS for analysis. In this case, PTS will perform

the flash point analysis.

Table 1. Characterization of LNAPL

# analysis | Total #
Number [ sample of
of Matrix samples Analytical
Samples Method Lab
Density @ 3 temps NAPL PTS
(ambient, 50C, 90C) 1 ASTM D7263 mod. 3 3 Laboratories
Viscosity @ 3 temps NAPL PTS
(ambient, 50C, 90C) 1 ATG-SOP-039 3 3 Laboratories
Surface Tension @ 3 NAPL PTS
temps (ambient, 50C, 90C) 1 ASTM D971 3 3 Laboratories
NAPL KEMRON (or
Flash Point 1 ASTM D3278 1 1 PTS)

7. Thermal Treatment Testing

The heating study includes one heating method as described below. This heating method
is included based on an understanding of the site geology/hydrogeology and represents
simulations of the most likely full-scale in-ground treatment options.

An overview of the thermal testing is shown in Table 2.
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Table 2. Overview of thermal treatability testing

Total # of
thermal
Test Notes Duration Samples treated tests

15PV Hot Water e Coarse Sand
Flush @ 55°C Approx. 1 day 1
30PV Hot Water
Flush @ 55°C Approx. 3 days e Coarse Sand 1

e Coarse Sand
SEE- 2PV Flush Approx. 1-3 days 1

e Coarse Sand
SEE- 6PV Flush Approx. 3-5 days 1

a. SEE Tests

Two Steam Enhanced Extraction (SEE) tests will be performed on the homogenized soil
sample: 2x pore volume injection and 6x pore volume injection. Steam Enhanced
Extraction (SEE) testing will be conducted using cylinder shaped reactors.

To facilitate the pore volume calculations, the porosity of the test sample should be
measured. Total wet mass and volume of material will be recorded prior to testing.

Steam is generated by placing a box reactor containing the appropriate quantity of water
calculated based on the pore volumes of steam to be passed through the soil into an oven
separate from the soil test oven. This oven will be set to a temperature of approximately
110-115°C.

See Figure 1 for a schematic of the SEE treatment system, and Figure 2 for a photograph
of the cylinder situated in an oven. Note that Figure 1 shows a tedlar bag collection for
potential off-gas monitoring; however, off-gas monitoring is not planned for this project.

The SEE treatment cylinder is comprised of the following:

a) 2 end caps with ports to pass fluids through the test material
b) Thermal coupler ports along the length of the column for temperature monitoring

The SEE treatment column is vertical while packing so that the effluent side of the column
is facing downward. The addition of clean sand at the top of the reactor, i.e., the steam
inlet side, is used to ensure a completely filled reactor. A completely filled reactor is
considered an industry standard for flow-through tests. The clean sand is prepared by
sieving through a #60 sieve to obtain “coarse sand”. The sand will be washed with a 10%
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nitric acid solution, followed by a DI water rinse. The sand will be dried at 110°C until
placed in the reactors.

To begin, the column/cylinder is vertically situated in the oven with the bottom valve open
and the top valve closed. The temperature of the oven containing the column/cylinder is
turned to 95°C approximately 1 hour before testing is to begin. It is important to not dry the
sample out at this point.

Once the soil has reached 95°C, the temperature of the oven is turned to 100°C and
steam addition begins by opening the top steam inlet valve. When adding steam, steam
breakthrough should occur following the addition of 0.5 pore volumes of steam as water or
less. There will be observable steam in the effluent stream.

After the observed steam breakthrough occurs, the steam pressure cycling is performed
by allowing the top steam inlet valve to remain open, and closing the effluent on/off valve
for a period of time (approximately 10-20 minutes), until the pressure and temperature
(can be measured by temperature only) in the entire steel column has stabilized:

i. at approximately 5-10 psig; and

ii. atapproximately 105-110°C.

Once the steady state is achieved:
I. the effluent valve is slowly opened to allow a controlled release of

pressure;

ii. the column depressurizes;

iii. steam flows out of the bottom of the column for a minimum of 10
minutes into the condensing system;

iv. the pressure in the column drops to near atmospheric pressure;

v. the temperature drops to near 100°C; and

vi. a steady state is achieved, i.e, steady temperature and pressure.

To initiate a new pressure cycle, the effluent valve is closed again, and the process above
is repeated. Each pressure cycle is estimated to last approximately 20-40 minutes.

Once the project specific prescribed volume of steam (2 pore volumes for the first test, and
6 pore volumes for the second test) is added over the specified duration the sample
testing is completed. Following the testing, the valves on both ends of the column are
closed, and the sample is allowed to cool to room temperature. The final weight and
volume of the treated test residuals is measured and recorded prior to post-test sampling
and analysis (take care to include the same end caps and valves as used before the SEE
testing so the difference in weight is equal to a difference in sample weight).

Throughout the entire duration of SEE testing (i.e., from ambient temperatures to reaching
treatment temperatures to cooling back to ambient temperature), the temperature of the
soil is continuously monitored. Temperature monitoring is recorded at a minimum of one
minute intervals using thermocouples with a data logger (or equivalent unit).

During the initial steam breakthrough and during the second half of the pressure cycling,
effluents should be observed in the collection system:
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Steam will be observed in the condenser during steam breakthrough after the initial
introduction of steam into the system

Steam and condensate/NAPL will be observed during the pressure release phase
of pressure cycling (i.e., second half of pressure cycling)

The volume of aqueous condensate collected will be monitored as a check on the
pore volume requirements stated in the Objectives for the test (2 PV for the first
test, 6 PV for the second test).

Quality Control / Corrective Action Indicators include:

Close monitoring of temperature to ensure expected temperatures are achieved
and maintained;

Notice any unusual spikes in temperature which may indicate the sample has dried
out (i.e., all moisture removed) and requires correction (i.e. repeating testing);
Ensure that the steam generated for injection is indeed steam and not hot water;
and

Ensure that steam is exiting the reactor not hot water which would also require
correction

At the conclusion of each thermal evaluation, the following will be completed:

The sample reactor will be removed from the oven, sealed, and chilled to 4°C prior
to homogenizing;

Samples will be homogenized and subsampled for parameters listed in Table 3;
The effluent liquids from the evaluation will be collected and weighed. Any organic
phase present in the effluent will be separated and quantified apart from the
aqueous phase. Effluent liquids and any NAPL present will be measured,
weighed, and pH will be recorded.
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A- Steam generating oven

B- Steam generating reactor
C- Capped 0.25in 55 tubing to allow

introduction of additional feed DI water if

necessary.
—— 1 D- Steam Box Thermocouple
E- Steam Inlet 55 Ball Valve (Valve 1 or Top)
; F- Pressure Transducer
) G- Soil Column Heating Oven
N
o

H
G

H- Soil treatment Column

I-  Soil Thermocouple

J-  Off-gas 55 Ball Valve (Valve 2 or Bottom)

K- Cold Water Condenser

K L- Primary Condensate Collection Flask (vacuum
Flask)

M- Additional off gas tubing
N- Stopper with additional off gas tubing

M

penetrating down into flask

0O- Secondary condensate collection flask
{vacuum flask)

P- Tedlar Bag For PID monitoring

P

Arrowed lines representsteam and off gas lines
indicating the direction of Steam [ off-gas flow.

Note that the arrowed lines representing steam introduction and off-gas transfer will be wrapped in electric heat tape to keep
the vapors in the vapor state, thus reducing the potential for condensing in the lines. NOTE: for this project, no off-gas
monitoring will be conducted.

Figure 1. SEE treatment schematic

Sample
Containar

Figure 2. Photograph of SEE treatment reactor in oven
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b. HWF Tests

Hot water flushing at 55°C will be evaluated as treatment for the site material. Two
different pore volume (PV) flushes will be evaluated: 15PV and 30PV. Hot water flushing
rate will equal approximately 10 pore volumes per day in a 6-hour day.

The test sample preparation and equipment setup for the hot water flushing is very similar
to the SEE testing. A stainless steel cylinder measuring 3 inches in diameter and 6 inches
in length will contain the soil. A pre-cleaned and covered beaker will be placed on a
heating / magnetic stirring plate to heat the water. The hot water flushing will be introduced
from the top of the cylinder. This will ensure hot water contact with the entire sample and
will allow for more accurate flow control.

A large glass beaker will be placed on a heating / magnetic stir plate and filled with the
appropriate quantity of de-ionized water. The water will be heated to the operating
temperature. The starting pH of the flush water will be confirmed to be near neutral and
recorded on the data sheet. A thermocouple will be placed into the water heating reactor
to ensure the appropriate water temperature is utilized. The saturated and spiked soil
cylinder reactor will be placed into the same heating oven and connected to the treatment
system (similar to SEE testing).

Once the soil in the reactor and the water reactor reaches the operating temperature
(55°C), the air inlet and off-gas valves will be opened and a peristaltic pump will pump
water from the water reactor into the soil cylinder reactor at a rate equal to 10 pore
volumes (PV) of hot water per 6 hour day (1.666 PV/hour). For the 15PV test, the goal will
be to complete the flushing in one day. For the 30 PV test, it is expected that the flushing
will extend over multiple days. At the end of each 6 hour working day the valves will be
closed and water injection and heating will be terminated. The next working day testing
will commence again. This will be continued until a total of 30 PV of hot water has been
passed through the system.

Off-gases and the hot water will be passed through a cold water condensing system and
collected in a flush water collection flask. No off-gas monitoring is planned at this time.

At the conclusion of each thermal evaluation, the following will be completed:

. The sample reactor will be removed from the oven, sealed, and chilled to 4°C prior
to homogenizing;

. Samples will be homogenized and subsampled for parameters listed in Table 3

. The effluent liquids from the evaluation will be collected and weighed. Any organic

phase present in the effluent will be separated and quantified apart from the aqueous
phase. Effluent liquids will be subjected to chemical analysis for the parameters listed in
Table 3B.
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8. Analytical Testing of Thermally Treated Materials

Tables 3A and 3B present an overview of the analyses planned for the thermally treated
materials. Table 4 presents the required sample containers, sample volumes, and
preservatives.

Each sample will be labeled with the prefix “Site4TS-*-**". The first asterisk will be used to
identify the initial test and filled in with one of the following abbreviations.

o Field Baseline — FB
. Steam Enhanced Extraction — SEE1 or SEE2 (Note: SEE1 = 2PV, SEE2 = 6PV)
o Hot Water Flush — HWF1 or HWF2 (Note: HWF1 = 15PV, HWF2= 30PV)

The double asterisk will be used to identify the individual components of the test according
to the following abbreviations.

. Baseline — B
. Post Treatment — PT
o Leachate — L (Note: for HWF2 test [30PV], “first flush” and “final flush” will be

collected as L1 and L2, respectively)



Bethpage, NY- Resolution Consultants, Inc.
Treatability Study Work Plan

May 13, 2015

Page 14 of 17

Table 3A. Analytical characterization of thermally treated materials (soil)

VOCs SVOCs TAL Metals SPLP VOCs SPLP SVOCs SPLP Metals Moisture
8260C 8270D 6010C/7471B 1312/8260C 1312/8270D 1312/6010C/ Content (ASTM
7470A D2216)
Hot Water Flushing/Low Temperature Steam Extraction Test
HWF 15PV Flush Baseline X2 X X2 X
HWF 30PV Flush Baseline X2 X x? X
HWF 15PV Flush Final X2 X X3 x? X X3 X
HWF 15PV Flush Final X2 X X3 X2 X X3 X
Aqueous Trip Blank* XX? XX?
Total 6 6 4 6 6 4
High Temperature Steam Extraction Test

SEE 2PV Flush Baseline X X X2 X
SEE 6PV Flush Baseline X X X2 X
SEE 2 PV Flush Final X X X3 X2 X X3 X
SEE 6PV Flush Final X X X3 X2 X X3 X
Aqueous Trip Blank® XX XX XX XX? XX XX
Total 6 6 4 6 6 4 4

Notes:

VOC - volatile organic compound

SvoC - semivolatile organic compound

TAL - target analyte list

SPLP - Synthetic Precipitation Leaching Procedure

1 Trip blanks (VOCs only) are required to be sent with every shipment to the laboratory. The number of trip blanks shown in this table is an estimate and may vary

depending on frequency and timing of shipments to the laboratory.

VOC analysis may be omitted based on the results of the field baseline sample. If VOCs are not significantly detected, the analysis will be omitted.
8 Metals analysis may be omitted based on the results of the field baseline sample. If Metals are not significantly detected, the analysis will be omitted.
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Table 3B. Analytical characterization of thermally treated materials (Aqueous)

VOCs SVOCs TAL Metals pH
8260C 8270D 6010/7470A (KEMRON)
Leachate Samples
HWF 15PV Flush Column 1 X
HWEF 30PV Flush Column 2--—First X X X X
HWF 30PV Flush Column 2-- Final X X X X
SEE 2PV Flush Column 1 X
SEE 6PV Flush Column 2 X
Total® 2 2 2 6
Notes:
VOC - volatile organic compound
svoc - semivolatile organic compound
TAL - target analyte list
! Trip blanks are required for every shipment to the laboratory. Trip blanks are not shown for the leachate samples because it is assumed they will be

submitted with the soil samples. The number of trip blanks shown in this table is an estimate and may vary depending on frequency and timing of shipments to
the laboratory.
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Table 4. Sample Containers, Preservation, and Sample Volumes (provided by Katahdin Analytical)

Sample
) . Analytical and Preparation . volume . . Maximum
Matrix Analytical Group Method/SOP Reference Containers Preservation Requirements Holding Time
3 X40-ml VOA vials 59 g <r)r(1:l reagent water, cool to <
SW-846 5035, 82608 1 X 2-0z wide-mouth jar 48 hours to
VOCs for percent moisture only 59 Coolto<6°C freezing, 14 .
if VOA only sample days to analysis
1 X 40-ml VOA vial 5¢g 5 ml methanol, cool to <6 °C
Soil SW-846 3540C or 3550C, . 14 days to
SVOCs 8270D, 8270D SIM 30¢g Cool to <6 °C extraction, 40 '
- days to analysis
SW-846 30508, 6010C 1 X 4-oz wide-mouth jar | 5 4 None 6 months to
analysis
Metals SW-846 3050B, 6020A 29 None
SW-846 7471A 0.6g Cool to <6 °C 28 days to
analysis
VOCs SW-846 50308, 82608 3X 40-_m|II|I|ter (mL) 40 milliliter HCI to pH < 2, cool to < 6 °C. 14 day_s to
VOA vials (mL) analysis
7 days to
SW-846 3510C or 3520C, 2 X 1- liter (L) amber o extraction
SVOCs 8270D, 8270D_SIM glass bottles ** 1000 mL Coolto<6°C 40 days to
Water analysis
50 mL 6 months to
SW846 3010A, 6010C, 6020A 1 X 250-mL polyethylene 50 mL analysis
Metals bottle HNO; to pH<2
SW7470A 25 mL 28 days to
analysis

** = 2| of sample may not be possible to obtain in some cases. KEMRON/TerraTherm will work with the analytical laboratory to determine the absolute minimum
sample volume required (usually 1L) to obtain meaningful results without highly elevated reporting lismit.
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9. Reporting

Before initiating the bench-scale testing, a kick-off meeting will occur between Resolution
Consultants, TerraTherm and KEMRON where an outline of the study parameters will be
provided.

During the study, various data tables will be provided, i.e., untreated and treated analytical
and physical property testing.

Upon completion of the study, a Treatability Study Report will be prepared by Kemron to
present the results. Reference will be made where appropriate to the testing protocols as
presented in the work plan. The attachments to the report will include data summary
tables, thermal worksheets, thermal temperature logs, photos, analytical and physical
property testing reports and complete data attachments.

The project completion schedule goal is to have the Treatability study completed in a
matter of a few weeks. Expedited turnaround time is authorized for all analytical samples.

Mobilization and Field Sample Collection 4 days Thu 5/28/15 Tue 6/2/15
Completion of Bench Test 10 days Wed 6/3/15 Tue 6/16/15
Lab Analysis/Results - Expedited TAT 5 days Wed 6/17/15 Tue 6/23/15

Internal Draft Bench Test Summary Report Submitted to Navy 12 days Wed 6/17/15 Thu 7/2/15
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TREATABILITY STUDIES
Kemkon KEMRON ENVIRONMENTAL SERVICES, INC.
1359-A Ellsworth Industrial Boulevard
R
ENVIRONMENTAL SERVICES ATLANTA, GEORGIA 30318
(404) 636-0928 FAX (404) 636-7162
WWW . KEMRON.COM
CLIENT PROJECT NAME: j CLIENT PROJECT #: ANALYSIS
Mﬁﬂf@ Zovpnt Hwtes <
CLIENT CONTACT: KEMRON PROJECTAANAGER:
\W/@Zf’? /;/0 Tommy Jordan §§ S § \
PHONE: EXT REPORT TO: PHONE: N Q\ \ Q R
Alyson Fortune, TerraTherm (978) 730-1241 S % N
EMAILf\j:@ﬁ //0@% dé Com afortune@terratherm. com \\ Q g m %D §
SAMPLED BY: SAMPLED BY: \% S § S R \
PRINTED NAME SIGNATURE w Q % (Q @
KEMRON JOB CLIENT SAMPLE SAMPLE SAMPLE PRESERVATIVE #/SIZE \o Q § \\bl Q
NUMBER ) DATE/TIME (IF APPLICABLE) CONTAINERS
, (2)-5 gaslon
SESTS g | GrS | Ve |[Gudes | X X

SEIT P | G | None (zij- Zj-fg .

SAMPLES DATE/ SAMPLES DATE/
RELINQUISHED BY: TIME RECEIVED BY: TIME

(et Py | S

‘COMMENTS/SPECIAL INSTRUCTIONS:

Refer to TerraTherm SOW for project scope details

REV 02/12/2013

h:vreaticoc] xis
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MOISTURE CONTENT DETERMINATION

REPORT FORM
ASTM D 2216

PROJECT:
PROJECT No.:
SAMPLE No.:
TESTING DATE:
TESTED BY:
TRACKING CODE:

Ensafe Beth Page

SH0582

Site4TS-NAPL

06/09/15

JDM

A114 MC

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C
2. WT MOISTURE TIN (tare weight) 1.3054 g 1.2979 g 1.3055 g
3. WT WET SOIL + TARE 14.7506 g 13.3660 g 13.5545 g
4. WT DRY SOIL + TARE 135782 g 12.2633 g 124147 g
5. WT WATER, Ww 1.1724 g 1.1027 g 1.1398 g
6. WT DRY SOIL, Ws 12.2728 g 10.9654 g 11.1092 g
7. ASTM MOISTURE CONTENT 9.55 % 10.06 % 10.26 %
8. PERCENT SOLIDS 91.28 % 90.86 % 90.69 %
9. AVERAGE ASTM MOISTURE CONTENT 9.96 %

10. AVERAGE PERCENT SOLIDS 90.95 %

Z:\BANK\AQ01 - A499\A114_MC




UNIT WEIGHT DETERMINATION

DATA SHEET

ASTM D7263
PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: SitedTS-NAPL
TESTING DATE: 6/9/15
TESTED BY: JDM
TRACKING CODE: All4 UW

UNIT WEIGHT (DENSITY)
1. SAMPLE NO. A B C
2. WT OF MOLD (tare weight) 1830 g 1830 g 1830 g
3. WT OF MOLD + SOIL 446.00 ¢ 446.00 g 445.00 ¢
4. WT OF WET SOIL, W 42770 g 427.70 g 426.70 g
5. DIAMETER OF SPECIMEN, D 2.00 in 2.00 in 2.00 in
6. HEIGHT OF SPECIMEN, H 4.00 in 4.00 in 4.00 in
7. VOLUME OF SPECIMEN 12.57 ind 12.57 in3 12.57 ind
8. BULK UNIT WEIGHT 129.7 pcf 129.7 pcf 129.4 pcf
9. BULK SPECIFIC GRAVITY 2.1 2.1 2.1
10. AVERAGE BULK UNIT WEIGHT 129.6 pcf
11. AVERAGE BULK SPECIFIC GRAVITY 2.1

Z:\BANK\A001 - A499\A114_UW




SOLID SPECIFIC GRAVITY

ASTM D 854
DATA SHEET

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
TESTING DATE: 6/9/2015
TESTED BY: JDM
TRACKING CODE: All4 GS
SAMPLE NO: Site4TS-NAPL

SOLID SPECIFIC GRAVITY

1. SAMPLE NUMBER

Site4TS-NAPL

2. FLASK NUMBER

1

3. TEMPERATURE 19.0 °C
4. WT. FLASK & WATER 18455 ¢
5. WT. WATER, FLASK & SOIL 20455 ¢
6. WT OF SOIL 20.00 g
7. CALIBRATION WATER & FLASK 35528 ¢
8. DEAIRED SAMPLE 36701 ¢
9. SPECIFIC GRAVITY 2.42
10. CORRECTION FACTOR K 1.0002
11. Gs@ 20°C 2.42




TOTAL POROSITY

Report Form

By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-NAPL
TESTING DATE: 6/9/2015
TESTED BY: JDM
TRACKING CODE: Al14 POR

Total porosity and Pore Volume Calculation

SAMPLE No. Site4TS-NAPL
1. Bulk Density 129.6 Ibs/ft’
2. Moisture Content 9.96 %

3. Specific Gravity 2.42 -

4. Dry Density 117.9 Ibs/ft’
6. Weight of Solids, 1.8888 ¢

7. Volume of Solids;, 0.7805 c¢cm?®
8. Volume of Voids 0.2195 ¢cm?®
9. Total Porosity (n) 22.0 %

(1) caculated for one cubic centimeter

Z:\BANK\AO001 - A499\A114_POR




FLASH POINT TESTING

SUMMARY OF RESULTS

PROJECT: Ensafe Beth Page TESTING DATE: 7/1/2015
PROJECT No.: SH0582 TESTED BY: JDM
SAMPLE No.: SITE4ATS-NAPL (Soil) TRACKING CODE: Al114_FlashPoint
TESTING METHOD: ASTM D3278

TESTING PARAMETER AND RESULTS

QUANTITY OF MATERIAL 5.00 g
LENGTH OF TEST 2.0 min.
TEST TEMPERATURE 125.00 °F
RESULTS (FLASH/NO FLASH) FLASH

Z:\BANK\AQ01 - A499\A114_Flash Point




MOISTURE CONTENT DETERMINATION MODIFIED

REPORT FORM
ASTM D 2216 MOD

PROJECT: Terra Therm Ensafe Beth Page
PROJECT No.: SH0582

SAMPLE No.: Site4TS-HWF1-PT
TESTING DATE: 06/17/15

TESTED BY: TAJ

TRACKING CODE: A121 MC Mod

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C
2. WT MOISTURE TIN (tare weight) 63.908 g 65.346 g 65.583 g
3. WT WET SOIL + TARE 77353 g 77415 g 77.832 g
4. WT DRY SOIL + TARE 75.722 g 75.979 g 76.404 g
5. WT WATER, Ww 1.6317 g 1.4357 g 1.4277 g
6. WT DRY SOIL, Ws 11.8135 g 10.6324 g 10.8213 g
7. ASTM MOISTURE CONTENT 13.81 % 13.50 % 1319 %
8. PERCENT SOLIDS 87.86 % 88.10 % 88.34 %
9. AVERAGE ASTM MOISTURE CONTENT 13.50 %

10. AVERAGE PERCENT SOLIDS 88.10 %

Z:\BANK\AQ01 - A499\A121_MCMod




TOTAL POROSITY

Report Form
By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-NAPL
TESTING DATE: 6/9/2015
TESTED BY: JDM

TRACKING CODE:

A121 POR Mod

Total porosity and Pore Volume Calculation

SAMPLE No. Site4TS-NAPL
1. Bulk Density 129.6 Ibs/ft’
2. Moisture Content 13.50 %

3. Specific Gravity 2.42 -

4. Dry Density 114.2 Ibs/ft’
6. Weight of Solids, 1.8299 ¢

7. Volume of Solids;, 0.7562 ¢cm?®
8. Volume of Voids 0.2438 ¢cm?
9. Total Porosity (n) 24.4 %

(1) caculated for one cubic centimeter

Modified Porosity calculation conducted using a moisture content performed

at drying temperature of 300C.

Z:\BANK\A001 - A499\A121_POR Mod




PTS

Laboratories, Inc.

8100 Secura Way e Santa Fe Springs, CA 90670
Telephone (562) 347-2500 o Fax (562) 907-3610

June 22, 2015

Tommy Jordan, P.G.

KEMRON Environmental Services, Inc.
1359-A Ellsworth Industrial Blvd. NW
Atlanta, GA 30318

Re: PTS File No: 45328
Physical Properties Data
Bethpage Thermal Study

Dear Mr. Jordan:

Please find enclosed report for Physical Properties analyses conducted upon NAPL samples
received from your Bethpage Thermal Study project. All analyses were performed by applicable
ASTM, EPA, or APl methodologies. The samples are currently in storage and will be retained for
thirty days past completion of testing at no charge. Please note that the samples will be
disposed of at that time. You may contact me regarding storage, disposal, or return of the

samples.

PTS Laboratories Inc. appreciates the opportunity to be of service. If you have any questions or

require additional information, please contact Morgan Richards at (562) 347-2509.

Sincerely,
PTS Laboratories, Inc.

Michael Mark Brady, P.G.
Laboratory Director

Encl.
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PT SLaboratories

Project Name:

Bethpage Thermal Study

PTS File No: 45328

Project Number: N/A Client: KEMRON Environmental Services, Inc.
_TEST PROGRAM - 20150605
Fluid Fluid Interfacial Tension
FLUID ID Date Time Fluid Properties Cleaning Qil/Air
Type Pkg. at 50°C Comments
Method:| ASTM D1481, 445, 971 Proprietary ASTM D971
Date Received: 20150605
SITE4ATS-NAPL MW-02 20150603 N/A NAPL X X X
TOTALS: 2 jars 1 1 1

Laboratory Test Program Notes
Standard TAT for basic analysis is 15 business days.

Fluid Properties Package - LNAPL & Water: Includes dynamic viscosity and fluid density at three temperatures (70, 100 and 130°F),

surface tension for each fluid, and interfacial tensions (three phase pairs; oil/water, oil/air, and water/air (at ambient laboratory temperature)).
If no groundwater received, use filtered SFS tap water for interfacial tension testing.
Per client request run Viscosity/Density measurements at Ambient, 50°C and 90°C. Additional costs will apply
Temperatures dependent on fluid matrix, high temperatures may not be possible.

Rev. 1.0 20140226

CLIENT CONFIDENTIAL
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PTS File No:
Client:
Report Date:

Project Name:

45328

KEMRON Environmental Services, Inc.

06/22/15

VISCOSITY, DENSITY, and SPECIFIC GRAVITY DATA
(METHODOLOGY: ASTM D445, ASTM D1481, API RP40)

Bethpage Thermal Study

PTS Laboratories

Project No: N/A
SAMPLE MATRIX TEMPERATURE, SPECIFIC DENSITY, VISCOSITY
ID °F GRAVITY glcc centistokes | centipoise
SITE4TS-NAPL MW-02 NAPL 76 0.9881 0.9854 122000* 120000
122 0.9836 0.9719 1030 1000
194 0.9778 0.9439 98.7 93.1

Note: High viscosity at ambient temperature may indicate non-Newtonian flow; actual viscosity at ambient temperature
may be lower than that measured by glass capillary viscometer.

QUALITY CONTROL DATA
Date:
FLUID TYPE:
TEMPERATURE, °F:
DENSITY, MEASURED:
DENSITY, PUBLISHED:
RPD:
VISCOSITY, MEASURED:
VISCOSITY, PUBLISHED:
RPD:
CVS Lot #: 14201

06/19/15
Cannon® CVS S3
70

0.8664

0.8655

0.10

4.87

4.79

1.82

CVS = Certified Viscosity Standard
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PTS Laboratories

PTS File No: 45328
Client: KEMRON Environmental Services, Inc.
Report Date: 06/22/15
INTERFACIAL / SURFACE TENSION DATA
(METHODOLOGY: DuNuoy Method - ASTM D971)
Project Name: Bethpage Thermal Study
Project No: N/A
PHASE PAIR TEMPERATURE, | INTERFACIAL TENSION,
SAMPLE ID / PHASE SAMPLE ID / PHASE °F Dynes/centimeter
SITE4ATS-NAPL MW-02 / NAPL Air 122 30.6

QUALITY CONTROL DATA
Date: 06/22/15
PHASE PAIR: DIWATER / AIR
TEMPERATURE, °F: 75
IFT, MEASURED: 70.2
IFT, PUBLISHED: 72.2
RPD: -2.74

Page 4 of 5
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PTS

Laboratories, Inc.

8100 Secura Way e Santa Fe Springs, CA 90670
Telephone (562) 347-2500 o Fax (562) 907-3610

July 13, 2015

Tommy Jordan, P.G.

KEMRON Environmental Services, Inc.
1359-A Ellsworth Industrial Blvd. NW
Atlanta, GA 30318

Re: PTS File No: 45328
Physical Properties Data
Bethpage Thermal Study

Dear Mr. Jordan:

Please find enclosed report for Physical Properties analyses conducted upon NAPL samples
received from your Bethpage Thermal Study project. All analyses were performed by applicable
ASTM, EPA, or APl methodologies. The samples are currently in storage and will be retained for
thirty days past completion of testing at no charge. Please note that the samples will be
disposed of at that time. You may contact me regarding storage, disposal, or return of the

samples.

PTS Laboratories Inc. appreciates the opportunity to be of service. If you have any questions or

require additional information, please contact Morgan Richards at (562) 347-2509.

Sincerely,
PTS Laboratories, Inc.

Michael Mark Brady, P.G.
Laboratory Director

Encl.
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PT S Laboratories

Project Name:

Bethpage Thermal Study

PTS File No: 45328
Client: KEMRON Environmental Services, Inc.

Project Number: N/A
___TEST PROGRAM - 20150624 _
Fluid Fluid Interfacial Tension Interfacial Tension
FLUID ID Date Time Fluid Properties Cleaning Qil/Air Qil/Air
Type Pkg. at 50°C at 65.5°C Comments
Method:|TM D1481, 445, Proprietary ASTM D971 ASTM D971
Date Received: 20150605
SITE4ATS-NAPL MW-02 20150603 N/A NAPL X X X X
TOTALS: 2 jars 1 1 1 1

Laboratory Test Program Notes

Standard TAT for basic analysis is 15 business days.

Fluid Properties Package - LNAPL & Water: Includes dynamic viscosity and fluid density at three temperatures (70, 100 and 130°F),

surface tension for each fluid, and interfacial tensions (three phase pairs; oil/water, oil/air, and water/air (at ambient laboratory temperature)).

If no groundwater received, use filtered SFS tap water for interfacial tension testing.
Per client request run Viscosity/Density measurements at Ambient, 50°C and 90°C. Additional costs will apply
Temperatures dependent on fluid matrix, high temperatures may not be possible.

Add Oil/Air Interfacial Tension measurement at 150°F per T. Jordan/Kemron 20150624.

Rev. 1.0 20140226

CLIENT CONFIDENTIAL
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PT S Laboratories

PTS File No: 45328
Client: KEMRON Environmental Services, Inc.
Report Date: 07/13/15
INTERFACIAL / SURFACE TENSION DATA
(METHODOLOGY: DuNuoy Method - ASTM D971)
Project Name: Bethpage Thermal Study
Project No: N/A
PHASE PAIR TEMPERATURE, | INTERFACIAL TENSION,
SAMPLE ID / PHASE SAMPLE ID / PHASE °F Dynes/centimeter
SITE4TS-NAPL MW-02 / NAPL Air 75 35.7
SITEATS-NAPL MW-02 / NAPL Air 151 29.1

Note 1: Sample SITE4ATS-NAPL MW-02 at 75°F, surface tension rupture is exceptionally sluggish due to high viscosity of the oil.
Note 2: Sample SITE4ATS-NAPL MW-02 at 151°F, surface tension rupture is sluggish due to high viscosity of the oil.

QUALITY CONTROL DATA
Date: 07/08/15
PHASE PAIR: DIWATER / AIR
TEMPERATURE, °F: 76
IFT, MEASURED: 72.5
IFT, PUBLISHED: 72.1
RPD: 0.56

Date:

PHASE PAIR:
TEMPERATURE, °F:
IFT, MEASURED:
IFT, PUBLISHED:

RPD

07/09/15
DIWATER / AIR
74

71.9

72.2

1 -0.52
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PTS Laboratories, Inc.

COMPANY
ANALYSIS REQUEST PO#
KEMRON Environmental Services, Inc. p
8 TURNAROUND TIME
ADDRESS oIty ZIP GODE so151E 24HOURS O  5DAYS O
- + ) IS )

1359-A Ellsworth Industrial Blvd. Atlanta, GA 30318 o 2 o3 75 HOURS [ NORMAL [
PROJECT MANAGER email - = 215
Tommy A. Jordan fjordan@kemron.com © ik . c|= 7 K m o OTHER:
PROJECT NAME PHONE NUMBER % m m I =g 5 m = © z .
Bethpage Thermal Study 404-636-0928 NHEHENHAREHEHBHERENE SAMPLE INTEGRITY (CHEZH:
PROJECT NUMBER FAX NUMBER SlEl2!n g m m o m = w g = z = m > INTACT __ TEMPF 25

wmmmm%mmmwmmA,mwmxmmm PTS QUOTE NO.
SITE LOCATION AHEHEHHIIHAER NN EE RS

= Q1= [oR ) [l O =10

mmmwmmmmwmwwwmmmmwwm PTS FILE:
SAMPLER SIGNATURE W%cmmmmamme.mmmwmmmmw ‘.,\,.\?JM,\

AR HEREREAEEHEHBHERE Y532,

BPHEQ&DT%OOQK%MW:WWE

SAMPLE iD DATE | TIME DEPTH,FT (2158|2151 581%121812|5(5(%]> SIZI8IEISlE
“ 2I31Z|8|C|G|Z[E|S|2|8|5|8|S|=|6|R|EISIE COMMENTS
SITE4TS-NAPL MW-02 6/3/15 —— —_— 2
1. RELINQUISHED BY 2. RECEIVED BY— 3. RELINQUISHED BY 4, RECEIVED BY
\/. ....\n.v”yl\‘.
COMPANY COMPANY__ . COMPANY CONPANY
TS AR S
DATE TIME DATE TIME DATE TIVE DATE TIVE
Cfshis™ /. oD

Rev. 1.0 20140320 PTS Laboratories, Inc. + 8100 Secura Way « Santa Fe Springs, CA 90670 - Phone (562) 347-2500 - Fax (5662) 279-1150
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FLASH POINT TESTING

SUMMARY OF RESULTS

PROJECT: Ensafe Beth Page TESTING DATE: 7/1/2015
PROJECT No.: SH0582 TESTED BY: JDM
SAMPLE No.: SITE4ATS-NAPL (NAPL) TRACKING CODE: Al114_FlashPoint
TESTING METHOD: ASTM D3278

TESTING PARAMETER AND RESULTS

QUANTITY OF MATERIAL 2 ml
LENGTH OF TEST 2.0 min.
TEST TEMPERATURE 105 °F
RESULTS (FLASH/NO FLASH) FLASH

Z:\BANK\AQ01 - A499\A114_Flash Point(NAPL)




Appendix D:

Thermal Treatment Data
Sheets




TOTAL POROSITY

Report Form

By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SHO0582
SAMPLE No.: Site4TS-SEE1
TESTING DATE: 6/22/2015
TESTED BY: JDM
TRACKING CODE: A136 SEE
Total porosity and Pore Volume Calculation
SAMPLE No. Site4TS-SEE1
1. Bulk Density 128.0 Ibs/ft’
2. Moisture Content 13.50 %
3. Specific Gravity 2.42 -
4. Dry Density 112.8 Ibs/ft’
6. Weight of Solids, 1.8073 g
7. Volume of Solids 0.7468 cm?®
8. Volume of Voids 0.2532 cm?®
9. Total Porosity (n) 25.3 %
10. Reactor Sample Volume 632.0 cc
11. Pore Volume 160.01 cc

;1 Calculated for 1 cubic centimeter

http://atldocs/se/ATG/BANK/A001 - A499/A136_POR



KeMmRON

ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/22/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: ) TRACKING CODE: A136_SEE
SET-UP, MONITORING, and TESTING INFORMATION
SAMPLE No. Site4TS-SEE1
WEIGHT OF PAN ( tare weight) 3945.5|g
WEIGHT OF UNTREATED SOIL + TARE 5241|g
WEIGHT OF UNTREATED SOIL 1295.50 |g
WEIGHT OF TREATED SOIL + TARE 5269|g
WEIGHT OF TREATED SOIL 1323.50 |g
WEIGHT LOSS -28.00 |g
LENGTH OF TREATMENT 2PV )
Sample Porosity 25.30%
Sample Dimension Diameter 3.093 in Height: 5.132in

Pore Volume 160.01 cc
Target Moisture Removal: 320.02 cc

VISUAL OBSERVATIONS - BEFORE TREATMENT

Pressure check: Maintained 5.1 psi for 10 minutes
Steambox Tare: 5472.5g
Initial steambox weight: 5792.5¢g

VISUAL OBSERVATIONS - DURING TREATMENT
No NAPL observed in condensate or condenser
Condensate light yellow in color with no visable NAPL
Strong hydrocarbon smell detected

VISUAL OBSERVATIONS - AFTER TREATMENT
Condensate Collected:

318.52¢g condensate collected

320.0 ml of condensate collected

Final Steambox weight: 5473.5g

Condensate pH: 6.85

Soil still "coated" with NAPL, very "sticky"

Z:\BANK\AQO1 - A499\A136_SEE
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/22/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: TRACKING CODE: A136_SEE
Tem
Day Time Steam Box °C | Steam Oven °C Soil °C Soil Oven °C Comments
1 6/22/2015 749 21.6 21.8 21.7 21.6 ovens on, data logggers started, influent valve closed, effluent valve open
2 759 59.9 29.4 22.6 51.2
3 804 67.2 34.6 24.4 64.8
4 811 85.6 415 28.3 81.4
5 820 90.8 50.3 34.2 97.9
6 827 96.0 57.7 40.5 99.1
7 832 97.3 61.3 43.7 99.4
8 846 100.5 94.8 54.7 99.4
9 856 102.1 81.2 61.3 108.9
10 908 103.3 87.2 68.9 109.4
11 914 106.2 90.3 72.5 109
12 927 109.8 96.5 79.3 109.8
13 937 110.4 100.3 83.5 110.1
14 943 102.0 101.9 85.9 109.3
15 954 110.9 104.5 89.4 109.3
16 1005 114.3 107.7 92.5 109.3
17 1017 116.2 110.8 95.0 106.6 influent valve opened, steam obvserved in condenser
18 1024 115.9 104.9 98.5 99.6
19 1047 115.5 104.6 98.5 104.5
20 1113 116.0 104.4 98.6 103.8
21 1128 116.3 1045 98.8 105.3 33g condensate collected
22 1139 115.8 104.5 98.6 103.7
23 1156 115.7 104.4 98.6 104.4
24 1212 115.8 104.5 98.6 103.7
25 1219 115.5 104.8 98.7 104.5

Z:\BANK\A001 - A499\A136_SEE
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/22/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: TRACKING CODE: A136_SEE
Temps
Day Time Steam Box °C | Steam Oven °C Soil °C Soil Oven °C Comments
26 1245 115.7 104.6 98.8 104.7 70 g condensate collected
27 1305 116.6 104.7 98.6 104.3
28 1331 115.3 104.8 98.9 103.9 1/2 PV collected, effluent valve valve closed, pressure cycle started
29 1451 116.7 110.0 105.5 103.9 effluent valve opened, 5.2 psig
30 1501 116.5 106.0 98.4 104.2 effluent valve closed
31 1639 116.5 110.7 106.6 103.9 effluent valve oepned, 5.4 psig
32 1649 115.5 106.4 08 104 effluent valve closed, 190.77g collected
33 1811 116.9 110.3 106.3 104.3 effluent valve open, 5.3 psig
34 1822 115.7 106.2 98.3 104.1 effluent valve closed, 234.579 collected
35 1939 116.9 110.5 105.9 103.6 effluent valve open, 5.3 psig
36 1949 116.6 107.6 98.4 103.8 effluent valve closed
37 2035 119.2 113.8 101.9 104.2 effluent valve open, 2.1 psig, steam box empty
38 2045 118.7 116.0 98.3 104 ovens off, valves closed, condensate stored in cooler, 321.179 collected
39
40
41
42
43
44
45
46
47
48
49
50

Z:\BANK\A001 - A499\A136_SEE
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TOTAL POROSITY

Report Form

By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SHO0582
SAMPLE No.: Site4TS-SEE?2
TESTING DATE: 6/23/2015
TESTED BY: JDM
TRACKING CODE: Al137 SEE
Total porosity and Pore Volume Calculation
SAMPLE No. Site4TS-SEE?2
1. Bulk Density 129.7 Ibs/ft’
2. Moisture Content 13.50 %
3. Specific Gravity 2.42 -
4. Dry Density 114.3 Ibs/ft’
6. Weight of Solids, 1.8313 ¢
7. Volume of Solids 0.7567 cm?®
8. Volume of Voids 0.2433 cm?®
9. Total Porosity (n) 24.3 %
10. Reactor Sample Volume 651.6 cc
11. Pore Volume 158.5 cc

;1 Calculated for 1 cubic centimeter

Z:\BANK\A001 - A499\A137_POR



KeMmRON

ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/23/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: ) TRACKING CODE: A137_SEE

SET-UP, MONITORING, and TESTING INFORMATION

Target Moisture Removal: 951cc

VISUAL OBSERVATIONS - BEFORE TREATMENT

Pressure check: Maintained 6.2 for 10 minutes

Steam box Tare: 5472.5g
Steam box Wt.: 6473.5¢g

VISUAL OBSERVATIONS - DURING TREATMENT

LNAPL brown in color

Condensate dark yellow in color

Strong hydorcarbon smell detected

Qil like bubbles present within yellow layer of condensate

VISUAL OBSERVATIONS - AFTER TREATMENT
Condensate Collected:

948.7g condensate collected

955.0 mL condensate collected

Final Steam box wt.: 5506.5g

Condensate pH: 6.67

NAPL observed in conderser after approx. 3PV of condensate collected.
Small layer of LNAPL began forming in collection flask after approx. 4.5PV of steam

Unable to separate LNAPL and condensate layers for mass determination
Soil appreared to have less NAPL present, still "sticky" with NAPL

SAMPLE No. SitedTS-SEE2

WEIGHT OF PAN ( tare weight) 3756.5|g
WEIGHT OF UNTREATED SOIL + TARE 5108.5(g
WEIGHT OF UNTREATED SOIL 1352.00 |g
WEIGHT OF TREATED SOIL + TARE 5107|g
WEIGHT OF TREATED SOIL 1350.50 |g
WEIGHT LOSS 1.50 |g
LENGTH OF TREATMENT 6PV )
Sample Porosity 24.3

Sample Dimension Diameter 3.083 Height: 5.325
Pore Volume 158.5 cc

Z:\BANK\AQO1 - A499\A137_SEE
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/23/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: TRACKING CODE: A137_SEE
Tem
Day Time Steam Oven °C | Steam Box °C Soil °C Soil Oven °C Comments
1 6/24/2015 759 27.6 28.8 26.7 26.8 ovens on, influent valve closed, effluent valve open
2 | 6/24/2024 810 85.8 32.5 29.4 27.2
3 | 6/24/2024 816 95.7 37.0 33.5 86.1
4 | 62412024 825 99.5 43.5 40.7 109.1
5 | 6/24/2024 831 104.2 47.8 45.9 123.3
6 | 6/24/2024 843 112.3 57.0 58.2 129.1
7 | 6/24/2024 852 113.9 63.9 66.6 129.5
8 | 6/24/2024 901 115.2 70.0 74.6 129.5
9 | 6/24/2024 917 117.1 79.0 83.6 106.5
10 | 6/24/2024 924 117.6 82.8 86.2 105.0
11 | 6/24/2024 937 119.1 87.8 88.8 104.6
12 | 6/24/2024 944 119.6 91.9 90.1 104.8
13 | 6/24/2024 958 120.3 97.0 92.1 105.1
14 | 6/24/2024 | 1007 121.0 100.1 93.2 104.3
15 | 6/24/2024 | 1021 121.6 104.4 94.6 1049  ["fuentvalve opened
16 | 6/24/2024 | 1127 120.2 101.4 100.3 105.5
17 | 6/24/2024 1138 120.4 101.1 100.0 104.7 1/2 pv collected, effluent valve closed, pressure cycle started
18 | 6/24/2024 | 1306 1215 109.5 108.3 106.3 |efuentvave open, 6.1 psig
19 | 6/24/2024 | 1316 120.3 100.3 99.1 105.1  |cffuentvalve closed
20 | 6/24/2024 | 1434 127.7 109.7 108.7 1052 |efuentvalve open, 6.4 psig
21 | 6/24/2024 | 1444 126.8 99.7 98.9 104.6  |cfuentvae closed
22 | 6/24/2024 | 1535 128.4 109.2 108.8 105.2 viave open, 6.2 psig
23 | 6/24/2024 1551 1273 903 98.7 105.3 effluent valve closed, 294.369 collected
24 | 6/24/2024 | 1650 128.8 110.3 109.9 107.1  [efuentvave open, 6.7 psig
25 | 6/24/2015 | 1701 127.4 99.9 98.9 105.0 |cffluentvalve closed

Z:\BANK\A001 - A499\A137_SEE
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/23/2015
PROJECT No: SH0582 TESTED BY: JDM
MATERIAL TYPE: TRACKING CODE: Al37 SEE
Tem
Day Time Steam Oven °C | Steam Box °C Soil °C Soil Oven °C Comments
26 | 6/24/2015 | 1758 129.0 110.4 109.8 106.7 |efuentvalve opened, 6.6 psig
27 | 6/24/2024 1807 127.7 100.8 99.3 105.7 effluent vlaves closed, ovens off, 429.46g collected
28 | 6/25/2015 741 24.2 25.0 24.8 24.3 ovenon
29 | 6/25/2015 751 81.2 33.6 26.8 63.9
30 | 6/25/2015 807 113.4 56.1 38.7 106.5
31 | 6/25/2015 821 119.4 71.0 52.7 128.5
32 | 6/25/2015 839 123.8 86.3 69.8 129.4
33 | 6/25/2015 847 125.3 91.8 75.7 128.1
34 | 6/25/2015 856 126.8 98.0 82.5 128.3
35 [ 6/25/2015 910 127.7 105.6 90.7 126.9
36 | 6/25/2015 | 917 128.7 109.5 95 116, |"fuentvalve opened
37 | 6/25/2015 924 127.4 103.4 99.4 1101 effluent vlave closed, pressure cycle started
38 | 6/25/2015 | 1012 128.8 113.8 109.8 1106 [¢fuentviave open, 6.8 psig
39 | 6/25/2015 1022 127.4 107.6 99.7 109.9 effluent vlave closed, pressure cycle started
40 | 6/25/2015 | 1059 128.5 112.9 108.4 1101 [efuentvalve opened, 5.8 psig
21 | 62512015 1109 127.8 107.4 99.2 109.2 effluent valve closed, 549.569 collected
42 | 6/25/2015 | 1200 129.2 114.6 110.3 1111  [efuentvave open, 7.0 psig
43 | 6/25/2015 1210 128.2 108.2 99.2 110.2 effluent vlave closed, pressure cycle started
44 | 6/252015 | 1253 129.4 114.3 109.3 1105 |efuentvalve oepned, 6.4 psig
45 | 6/25/2015 1305 128.3 1085 99.1 110.2 effluent vlave closed, pressure cycle started
46 | 6/25/2015 | 1346 129.3 114.2 108.38 111,  [Sffuentvalve opened 6.1 psig
47 | 612512015 1356 128.1 109.1 99.2 109.9 effluent valve closed, 709.46g collected, NAPL observed in flask
48 | 6/25/2015 | 1439 129.2 115.0 109.2 1111  |efuentvalve oepned, 6.4 psig
49 | 6/25/2015 1453 1285 109.2 99 109.5 effluent vlave closed, pressure cycle started
50 | 6/25/2015 | 1545 129.2 116.5 110.9 110.3 |efluentvalve opened, 7.6 psig

Z:\BANK\A001 - A499\A137_SEE
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ENVIRONMENTAL SERVICES

L DESORPTION DATA

PROJECT:

Ensafe Beth Page

PROJECT No:

SH0582

MATERIAL TYPE:

TESTING DATE:
TESTED BY:
TRACKING CODE:

6/23/2015

JDM

A137_SEE

Tem

Day Time

Steam Oven °C

Steam Box °C

Soil °C

Soil Oven °C

Comments

51 | 6/25/2015 1556

128.3

110.3

98.9

109.5

effluent valve closed, 820.369 collected

52 | 6/25/2015 1637

129.0

115.8

109.5

110.2

efflent valve opened, 6.6 psig

53 | 6/25/2015 1647

128.4

111.0

99.2

109.5

effluent valve closed, 863.769 collected

54 | 6/25/2015 1732

129.1

116.9

110.6

110.1

effluent valve open, 7.3 psig

55 | 6/25/2015 1745

128.6

111.1

99.0

109.3

efflent valve closed, 916.76g collected

56 | 6/25/2015 1810

129.2

114.5

106.9

109.8

effluent valve open, 5.0 psig

57 | 6/25/2015 1820

128.4

111.1

99.0

109.5

Valves closed, ovens off 948.96g collected

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Z:\BANK\A001 - A499\A137_SEE
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TOTAL POROSITY

Report Form

By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SHO0582
SAMPLE No.: Site4TS-HWF1
TESTING DATE: 6/15/2015
TESTED BY: TAJ
TRACKING CODE: Al134 POR
Total porosity and Pore Volume Calculation
SAMPLE No.

1. Bulk Density 126.9 Ibs/ft’

2. Moisture Content 13.50 %

3. Specific Gravity 2.42 -

4. Dry Density 111.8 Ibs/ft’

6. Weight of Solids, 1.7918 ¢

7. Volume of Solids 0.7404 cm?®

8. Volume of Voids 0.2596 cm?®

9. Total Porosity (n) 26.0 %

10. Reactor Sample Volume 678.1 cc

11. Pore Volume 176.0 cc

;1 Calculated for 1 cubic centimeter

Z:\BANK\AO001 - A499\A134_POR



KeMmRON

ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Paqge TESTING DATE: 6/15/2015
PROJECT No: SH05282 TESTED BY: TAJ
MATERIAL TYPE: TRACKING CODE: Al134 HW
SET-UP, MONITORING, and TESTING INFORMATION
SAMPLE No. Site4TS- HWF1
WEIGHT OF PAN ( tare weight) 3776.5|g
WEIGHT OF UNTREATED SOIL + TARE 5154.5|g
WEIGHT OF UNTREATED SOIL 1378.00 |g
WEIGHT OF TREATED SOIL + TARE 5224|g
WEIGHT OF TREATED SOIL 1447.50 |g
WEIGHT LOSS -69.50 |g
LENGTH OF TREATMENT 15 PV )

Sample Porosity  26.00%

Sample Dimensions Diameter: 3.083 Height: 5.3543
Pore Volume: 176.1 cc

Target Flush Volume: 2641.5 cc

VISUAL OBSERVATIONS - BEFORE TREATMENT

Pressure check: Maintain 5.2 psi for 10 minutes
Feed water pH= 6.9

VISUAL OBSERVATIONS - DURING TREATMENT

VISUAL OBSERVATIONS - AFTER TREATMENT
Treated soil, black and heavy petroleum odor

Averagte rate 7.5 mL/min

No free water present, visible NAPL at surface (picture)
Testing duration: 333 minutes

Total flush 2507 g recovered in flush

Product has light sheen on soil grains
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/15/2015
PROJECT No: SH0582 TESTED BY: TAJ
MATERIAL TYPE: TRACKING CODE: Al134 HW
Temps
Day Time Feed Water °C Soil °C Oven °C Flow Rate Comments
1 | 6/15/2015 0859 23.5 33.3
started heating feed water
2 0929 30.3 55.3
3
4
5
6
7
8
9
10 1006 58.1 44.5 61.4
11 1022 57.4 49.0 75.2
replace thermocouple for soil
12 1034 55.4 53.7 85.6
started flsuhing
13 1045 54.9 56.8 52.8
raised oven 2°C, flow rate @ 4.5mL/min, rate increased
14 1108 56.1 53.7 56.3 4.5mL/min
rate was increased
16 1121 57.2 53.8 58.0 5.2mL/min
17 1133 58.0 53.3 59.2 8.4mL/min
18 1155 59.1 53.2 63.2 7.8mL/min
19 1224 60.2 54.4 63.4 6.8mL/min
leave flow alone!
20 1300 61.5 55.0 62.5 7.2mL/min
21 1330 62.3 55.1 62.5 7.6mL/min
changed flask
22 1345 62.7 55.1 60.9
reduced flow
23 1512 57.8 55.0 61.5 11mL/min
flask overfilled and lost some
24 1555 56.7 54.9 61.4
stopped test, no more flush coming out. Total tare= 1533g, 25074 flushed,
25 1612 46.6 55.5 61.3 pH=5.99 for flush. Total tare 1533g, 25074 flushed.
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TOTAL POROSITY

Report Form

By Calculation

PROJECT: Ensafe Beth Page
PROJECT No.: SHO0582
SAMPLE No.: Site4TS-HWF2
TESTING DATE: 6/15/2015
TESTED BY: TAJ
TRACKING CODE: A135 POR
Total porosity and Pore Volume Calculation
SAMPLE No.

1. Bulk Density 128.7 Ibs/ft’

2. Moisture Content 13.50 %

3. Specific Gravity 2.42 -

4. Dry Density 113.4 Ibs/ft’

6. Weight of Solids, 1.8172 ¢

7. Volume of Solids 0.7509 cm?®

8. Volume of Voids 0.2491 cm?®

9. Total Porosity (n) 24.9 %

10. Reactor Sample Volume 653.0 cc

11. Pore Volume 162.7 cc

;1 Calculated for 1 cubic centimeter

http://atldocs/se/atg/BANK/A001 - A499/A135 POR



KeMmRON

ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE:
PROJECT No: SH0582 TESTED BY:
MATERIAL TYPE: TRACKING CODE:

6/15/2015

TAJ

A135_HW

SET-UP, MONITORING, and TESTING INFORMATION

SAMPLE No. SitedTS- HWF2

WEIGHT OF PAN ( tare weight) 3899|g
WEIGHT OF UNTREATED SOIL + TARE 5245|g
WEIGHT OF UNTREATED SOIL 1346.00 |g
WEIGHT OF TREATED SOIL + TARE 5341|g
WEIGHT OF TREATED SOIL 1442.00 |g
WEIGHT LOSS -96.00 |g
LENGTH OF TREATMENT 30 PV )
Sample Porosity: 24.90%

Sample Dimensions Diameter: 3.071 in Height: 5.3847 in
Pore Volume: 162.7 cc

Target Flush Volume: 4,902 cc

VISUAL OBSERVATIONS - BEFORE TREATMENT

Pressure check: Maintained 5.7 psi for 10 minutes
Feed Water pH = 6.85
Hot plate setting: 155°C

VISUAL OBSERVATIONS - DURING TREATMENT
6/16/2015: No product being flushed out. Clean flush water

Tubing @ parastaltic pump started leaking, lost about 50 mL (guess)

VISUAL OBSERVATIONS - AFTER TREATMENT

Day 1, 1409.2g of flush collected @ 4.97 mL/min, rate average

Day 2, 1765.13g of collected @ 4.59mL/min rate averate
HWF2-L2 pH= 6.60
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/15/2015
SH0582 TESTED BY: TAJ
MATERIAL TYPE: TRACKING CODE: A135 HW
Temps
Day Time Feed Water °C Soil °C Oven °C Flow Rate Comments
1 | 6/15/2015 0859 22.7 30.2
2 0925 25.6 355 55.3 started heating feed water
3 1006 56.7 44.5 61.4
4 1022 55.3 49.0 75.2
5 1034 53.0 53.7 85.6
6 1100 535 56.4 56.4 Started water flush
7 1121 53.2 55.0 58.0 4.0mL/min water collected with flask, turned up flow rate
8 1133 53.5 54.1 59.3
9 1156 54.6 55.3 63.3
10 1225 55.8 56.5
11 1301 57.3 55.2 62.4 6.0mL/min_|"rmed flow down aitte
12 1331 57.5 56.1 62.5 3.4mL/min
13 1346 57.1 56.3 60.8
14 1511 53.6 56.0 61.6 4.5mL/min
15 1556 52.7 56.1 61.5
turned off flushing pumps, 1634 cc of tap water collected, valves closed; (283
minutes of flushing, tare = 516.66, tare + water#1 = 1642.0, tare + water #2 =
16 1604 493 56.1 615 800.5¢, total flush collected =1409.2g, pH= 6.17 for HWF2-L|
17
18
19
20
21
22
23
24
25
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/15/2015
PROJECT No: SH0582 TESTED BY: TAJ
MATERIAL TYPE: 0 TRACKING CODE: A135 HW
Temps
Day Time Feed Water °C Soil °C Oven °C Flow Rate Comments
oven on, feed water heating, verifying flow rate @ 4.2ml/min
26 | 6/16/2015 0718 31.8 24.2 25.6
27 0755 43.7 35.0 60.8
oven temperature was raised a bit.
28 0825 47.3 45.1 61.3
29 0847 49.4 51.0 69.5
confirmed 4.6ml/min
30 0900 51.6 53.7 63.2 4.6
valved opened for flushing
31 0905 54.1 54.4 62.1 4.6
flushing started and drip
32 0930 55.2 56.1 61.8
running smoothly
33 1010 54.7 56.0 60.0
flow rate was increased
34 1056 54.3 56.2 60.0 2.5
35 1131 54.4 55.5 59.9 4.2
collected first flask, flask # total 1548.5g, tare 516.44¢g, 1032.06 g collected.
36 1324 56.4 55.7 61.7 4.4
37 1435 57.6 55.9 60.7
384 minutesof untreated; stopped test for the day, flask #2, 1258.0, tare
524.93g, collected 733.07 g. clear, slightly tinted (v. slightly) yellow/brown
color, no pro9duct sheen observed, no pH required on sample stored in coller|
38 1554 58.0 55.5 60.9 as "Day 2"
39
40
41
42
43
44
45
46
47
48
49
50
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ENVIRONMENTAL SERVICES

THERMAL DESORPTION DATA

PROJECT: Ensafe Beth Page TESTING DATE: 6/15/2015
PROJECT No: SH0582 TESTED BY: TAJ
MATERIAL TYPE: 0 TRACKING CODE: A135 HW
Temps
Day Time Feed Water °C Soil °C Oven °C Flow Rate Comments
started day 2 heating
51 | 6/17/2015 0747 22.0 22.3 21.8
removed feed water from heat to cool
52 0850 64.2 49.6 78.7
started heating, water started dripping from pressure build up
53 0905 58.4 54.2 64.9 4.6 mL/min
54 0915 56.2 55.7 62.2
Flush began, NAPL observed in flush
55 0929 55.8 55.9 62
56 1020 55.1 55.6 61.9
57 1037 55.0 55.2 61.8 4.5 m/min
looks good!
58 1126 55.1 55.1 62.6
Removed 1st flask, tare = 524.93g, total + tare = 1628.5g
59 1235 52.8 55.2 62.6
Probe was barely in water and affecting temperature reading.
60 1355 51.0 55.6 62.7
stopped test, tare = 531.0g, total + tare =1137.5
61 1426 50.1 55.2 62.6
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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Appendix E:

Treatment Physical
Properties Testing Data
Sheets




MOISTURE CONTENT DETERMINATION

REPORT FORM
ASTM D 2216

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-SEE1-PT
TESTING DATE: 07/06/15
TESTED BY: JDM
TRACKING CODE: A136_MC

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C
2. WT MOISTURE TIN (tare weight) 1.2921 g 1.2934 g 1.2886 g
3. WT WET SOIL + TARE 20.7666 g 22.6899 g 17.4596 g
4. WT DRY SOIL + TARE 19.4949 g 21.4971 g 16.3817 g
5. WT WATER, Ww 1.2717 g 1.1928 g 1.0779 g
6. WT DRY SOIL, Ws 18.2028 g 20.2037 g 15.0931 g
7. ASTM MOISTURE CONTENT 6.99 % 5.90 % 714 %
8. PERCENT SOLIDS 93.47 % 94.43 % 9333 %
9. AVERAGE ASTM MOISTURE CONTENT 6.68 %

10. AVERAGE PERCENT SOLIDS 93.74 %

http://atldocs/se/ATG/BANK/A001 - A499/A136_MC




MATERIAL pH

EPA METHOD 9045

DATA SHEET
PROJECT: ENSAFE Beth Page
PROJECT No.: SH0582
TESTING DATE: 6/17/2015
TESTED BY: LC
TRACKING CODE: A136_pH
KEMRON SAMPLE No. MATERIAL pH

1. Site 4TS - SEE1 - 2PV
2. Post Treatment Condensate 6.85
3.
4.
5.
6.
7.
8.
9.
10.

AVERAGE: 6.85

http://atidocs/se/ATG/BANK/A001 - A499/A136_PH



MOISTURE CONTENT DETERMINATION

REPORT FORM
ASTM D 2216

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-SEE2-PT
TESTING DATE: 07/06/15
TESTED BY: JDM
TRACKING CODE: A137 MC

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C
2. WT MOISTURE TIN (tare weight) 1.2924 ¢ 1.2935 g 1.2940 g
3. WT WET SOIL + TARE 27.5806 g 243909 g 22.5001 g
4. WT DRY SOIL + TARE 25.7750 g 22.9651 g 21.0053 g
5. WT WATER, Ww 1.8056 g 1.4258 g 1.4948 g
6. WT DRY SOIL, Ws 24.4826 g 216716 g 19.7113 g
7. ASTM MOISTURE CONTENT 738 % 6.58 % 758 %
8. PERCENT SOLIDS 93.13 % 93.83 % 92.95 %
9. AVERAGE ASTM MOISTURE CONTENT 718 %

10. AVERAGE PERCENT SOLIDS 93.30 %

http://atldocs/se/ATG/BANK/A001 - A499/A137_MC




MATERIAL pH

EPA METHOD 9045

DATA SHEET
PROJECT: ENSAFE Beth Page
PROJECT No.: SH0582
TESTING DATE: 6/17/2015
TESTED BY: LC
TRACKING CODE: A137_pH
KEMRON SAMPLE No. MATERIAL pH

1. Site 4TS - SEE2 - 6PV
2. Post Treatment Condensate 6.67
3.
4.
5.
6.
7.
8.
9.
10.

AVERAGE: 6.67

http://atidocs/se/ATG/BANK/A001 - A499/A137_PH



MOISTURE CONTENT DETERMINATION

REPORT FORM
ASTM D 2216

PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-HWF1-PT
TESTING DATE: 06/17/15
TESTED BY: TAJ
TRACKING CODE: Al134 MC

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C
2. WT MOISTURE TIN (tare weight) 1.2905 g 43065 g 1.3088 g
3. WT WET SOIL + TARE 14.8693 g 19.6308 g 12.2654 g
4. WT DRY SOIL + TARE 13.8748 g 18.2780 g 114217 g
5. WT WATER, Ww 0.9945 g 1.3528 g 0.8437 g
6. WT DRY SOIL, Ws 125843 g 13.9715 g 10.1129 g
7. ASTM MOISTURE CONTENT 7.90 % 9.68 % 8.34 %
8. PERCENT SOLIDS 9268 % 9117 % 9230 %
9. AVERAGE ASTM MOISTURE CONTENT 8.64 %

10. AVERAGE PERCENT SOLIDS 92.05 %
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MATERIAL pH

EPA METHOD 9045

DATA SHEET
PROJECT: ENSAFE Beth Page
PROJECT No.: SH0582
TESTING DATE: 6/17/2015
TESTED BY: LC
TRACKING CODE: A134_pH
KEMRON SAMPLE No. MATERIAL pH

1. Site 4TS - HWF 2 - 15PV
2. Post Treatment Condensate 5.99
3.
4.
5.
6.
7.
8.
9.
10.

AVERAGE: 5.99
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MOISTURE CONTENT DETERMINATION

REPORT FORM

ASTM D 2216
PROJECT: Ensafe Beth Page
PROJECT No.: SH0582
SAMPLE No.: Site4TS-HWF2-PT
TESTING DATE: 06/17/15
TESTED BY: MAC
TRACKING CODE: A135_MC

MOISTURE CONTENT (Dry & Wet Basis)

1. MOISTURE TIN NO. A B C

2. WT MOISTURE TIN (tare weight) 1.2900 g 1.3000 g 1.2900 g
3. WT WET SOIL + TARE 29.7000 g 25.0200 g 33.0300 g
4. WT DRY SOIL + TARE 27.1300 g 22.8400 g 30.0800 g
5. WT WATER, Ww 2.5700 g 2.1800 g 2.9500 g
6. WT DRY SOIL, Ws 25.8400 g 215400 g 28.7900 g
7. ASTM MOISTURE CONTENT 9.95 % 10.12 % 10.25 %
8. PERCENT SOLIDS 90.95 % 90.81 % 90.71 %
9. AVERAGE ASTM MOISTURE CONTENT 10.10 %

10. AVERAGE PERCENT SOLIDS 20.82 %
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MATERIAL pH

EPA METHOD 9045

DATA SHEET
PROJECT: ENSAFE Beth Page
PROJECT No.: SH0582
TESTING DATE: 6/17/2015
TESTED BY: LC
TRACKING CODE: A135_pH
KEMRON SAMPLE No. MATERIAL pH

1. Site 4TS - HWF 2 - 30PV
2. Post Treatment Condensate 6.60
3.
4.
5.
6.
7.
8.
9.
10.

AVERAGE: 6.60
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Photographic Log
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Ensafe Beth Page Thermal Study
KEMRON Project No. SHO582
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Untreated Material
Homogenization




KemRon

ENVIRONMENTAL SERVICES &=

| ]
-

Kemron

TQ ria T}'\ erm

EnSa{e bﬁ.‘“‘] PQBQ
SH0582
Ste uTs _yap

"AS Recsived

Site 4TS — NAPL, Bucket 1 of 2 “As Received”
Visual NAPL staining is significant with areas of concentrated NAPL
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Site 4TS — NAPL, Bucket 2 of 2 “As Received”
Visual NAPL staining is significant with areas of concentrated NAPL
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Site 4TS — NAPL “Homogenized”
2,330g of oversized debris removed. NAPL distribution is visually
uniform.
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Hot Water Flushing Testing
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Picture of soil after removing the reactor cap. A “bubble” of
NAPL is noticeable near the center of the soil column. Soil is
noticeably impacted with NAPL after treatment.
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Site 4TS-HWF1-PT
Homogenized post treated soil
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Site 4TS-HWF1 (15PV)
Condensate
No NAPL observed. Slight yellow color. Strong petroleum odor
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30PV Hot Water Flush

Post-Treatment
“Pre-Homogenization”
No visible reduction in NAPL impact.
White granules are non-impacted clean
sand from test reactor. ‘
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Empty test reactor after testing. Significant staining and
adherence of NAPL impacted soil on the inside of the top cap
(left) and sides of the cylinder (right). Note the white sand layer
on the bottom of the cylinder (right) shows no staining.
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Site 4TS- SEE1 — 2PV
Pre-Treatment



_ KemRon

ENVIRONMENTAL SERVICES

Termd e
Erafe A e
S/HO0583

S #ed T -SEE/ -

Site 4TS- SEE 1 — 2PV
k Post-Treatment




_ KemRon

ENVIRONMENTAL SERVICES Terr %ﬁf
/

oS53 ¢

S5/ #973-SEE/- A7

//yp.%%z‘zc/ ‘

Site 4TS- SEE 1 - 2PV
Post-Treatment
“Homogenized”
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Site 4TS- SEE 2 — 6PV

| Pre-Treatment
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Table D1- Baseline Analytical Data
Treatability Study Summary Report
Site 4
NWIRP Bethpag_;e

Location 4TS-SB1 4TS-SB1 4TS-SB1 4TS-SB1 4TS-SB1
Sample ID| SITE 4TS-HWF1-B | SITE 4TS-HWF2-B SITE 4TS-SEE1-B SITE 4TS-SEE2-B SITE4TS-FB
Sample Date 6/15/2015 6/15/2015 6/22/2015 6/22/2015 6/4/2015
Sample Type Soil Soil Soil Soil Soil
NYSDEC NYSDEC AWQS
Site 4 Remedial Unrestricted Use Class GA
Method Analyte CAS No Goals Soil Groundwater Units
8260C 1,1,2-TRICHLORO-1,2,2-TRICHFLUOROETHANE 76-13-1 NE MG_KG 0.0013 J ND ND ND ND
8260C 1,2,4-TRIMETHYLBENZENE 95-63-6 3.6 MG_KG ND ND ND ND 0.026 MM
8260C 1,2-DICHLOROETHENE, TOTAL 540-59-0 0.02 MG_KG 0.002 J ND ND ND 0.0013 JM
8260C 1,3,5-TRIMETHYLBENZENE 108-67-8 8.4 MG_KG 0.035 0.069 0.072 0.03 0.073
8260C 2-BUTANONE 78-93-3 0.12 MG_KG 0.062 ND ND ND ND
8260C 4-1SOPROPYLTOLUENE 99-87-6 NE MG_KG 0.046 ND 0.093 0.039 0.052 MM
8260C ACETONE 67-64-1 0.05 MG_KG 0.24 0.35 1.3 ND 0.1M
8260C BENZENE 71-43-2 0.06 MG_KG 0.0029 J ND 0.011J ND 0.0042 M
8260C CARBON DISULFIDE 75-15-0 NE MG_KG 0.0047 ND ND ND 0.0029 J
8260C CIS-1,2-DICHLOROETHENE 156-59-2 0.25 MG_KG 0.002 J ND ND ND 0.0013 M
8260C CYCLOHEXANE 110-82-7 NE MG_KG 0.034 0.024 0.077 ND 0.12 M
8260C ETHYLBENZENE 100-41-4 1 MG_KG 0.03 0.055 0.096 0.027 0.063
8260C ISOPROPYLBENZENE 98-82-8 NE MG_KG 0.035 0.069 0.072 0.03 0.073
8260C M- AND P-XYLENE 108-38-3/106-42 0.26 MG_KG 0.0087 0.022 0.036 0.012 0.0084 JMM
8260C METHYL CYCLOHEXANE 108-87-2 NE MG_KG 0.12 0.11 0.29 0.1 0.68 M
8260C METHYLENE CHLORIDE 75-09-2 0.05 MG_KG 0.008 J ND ND ND ND
8260C NAPHTHALENE 91-20-3 12 12 MG_KG 0.048 ND 0.035 0.055 0.029 M
8260C N-BUTYLBENZENE 104-51-8 12 MG_KG ND ND ND ND 0.039 MM
8260C O-XYLENE 95-47-6 0.26 MG_KG 0.0074 0.018 0.025 ND 0.0074 MM
8260C SEC-BUTYLBENZENE 135-98-8 11 MG_KG 0.035 ND 0.07 0.029 0.054 M
8260C TETRACHLOROETHENE 127-18-4 1.3 MG_KG 0.01 ND 0.027 0.0093 0.0097 M
8260C TOLUENE 108-88-3 0.7 MG_KG 0.0038 J 0.0062 J 0.013 0.023 0.0040 JMM
8260C XYLENES, TOTAL 1330-20-7 0.26 MG _KG 0.016 0.04 0.061 0.012J 0.016 MM
8270D BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 NE MG_KG ND ND ND 0.46 J ND
8270D_SIM 2-METHYLNAPHTHALENE 91-57-6 NE MG_KG 1.5 1.3 1.7 1.8 ND
8270D_SIM ACENAPHTHENE 83-32-9 20 MG_KG 0.56 0.5 0.53 0.56 0.91)
8270D_SIM ACENAPHTHYLENE 208-96-8 100 MG_KG ND ND 0.13J 0.15] ND
8270D_SIM ANTHRACENE 120-12-7 100 MG_KG 0.99 0.95 0.65 0.83 2.8
8270D_SIM BENZO[AJANTHRACENE 56-55-3 1 1 MG_KG 1.7 ** 1.5 ** 1.5 ** 1.8 ** 2.6 **
8270D_SIM BENZO[A]PYRENE 50-32-8 1 1 MG_KG 1.2 ** 1.1 ** 1.6 ** 1.6 ** 1.8 **
8270D_SIM BENZO[B]FLUORANTHENE 205-99-2 1 1 MG_KG 0.65 0.56 11L* 0.97 L 0.93]
8270D_SIM BENZOI[G,H,I]PERYLENE 191-24-2 100 MG_KG 0.75 0.67 1.6 1.5 1]
8270D_SIM BENZO[K]FLUORANTHENE 207-08-9 0.8 MG_KG ND ND 0.3 0.26 ND
8270D_SIM CHRYSENE 218-01-9 1 1 MG_KG 2.6 ** 2.6 ** 3.2 ** 2.8 ** 4.2 **
8270D_SIM DIBENZ[A,HJANTHRACENE 53-70-3 0.33 MG_KG ND 0.22 J 0.36 0.35 0.27 ]
8270D_SIM FLUORANTHENE 206-44-0 100 MG_KG 0.58 0.44 0.33 0.36 1]
8270D_SIM FLUORENE 86-73-7 30 MG_KG 0.83 0.76 0.76 0.91 1.4
8270D_SIM INDENO[1,2,3-CD]PYRENE 193-39-5 0.5 MG_KG 0.32 0.24 0.66 0.52 0.311
8270D_SIM NAPHTHALENE 91-20-3 12 MG_KG 0.45 0.4 0.39 0.45 1.1
8270D_SIM PHENANTHRENE 85-01-8 100 MG_KG 2.2 2.1 1.7 2 4.4
8270D SIM PYRENE 129-00-0 100 MG _KG 7 6.1 9.7 9.9 15




Table D1- Baseline Analytical Data
Treatability Study Summary Report
Site 4
NWIRP Bethpag_;e

Location 4TS-SB1 4TS-SB1 4TS-SB1 4TS-SB1 4TS-SB1
Sample ID| SITE 4TS-HWF1-B | SITE 4TS-HWF2-B SITE 4TS-SEE1-B SITE 4TS-SEE2-B SITE4TS-FB
Sample Date 6/15/2015 6/15/2015 6/22/2015 6/22/2015 6/4/2015
Sample Type Soil Soil Soil Soil Soil
NYSDEC NYSDEC AWQS
Site 4 Remedial Unrestricted Use Class GA
Method Analyte CAS No Goals Soil Groundwater Units
6020A ALUMINUM 7429-90-5 NE MG_KG NA NA NA NA 1470 N
6020A ANTIMONY 7440-36-0 NE MG_KG NA NA NA NA 0.018 JN
6020A ARSENIC 7440-38-2 13 MG_KG NA NA NA NA 2.34
6020A BARIUM 7440-39-3 350 MG_KG NA NA NA NA 6.07
6020A BERYLLIUM 7440-41-7 7.2 MG_KG NA NA NA NA 0.0483 J
6020A CADMIUM 7440-43-9 2.5 MG_KG NA NA NA NA 0.0066 J
6020A CALCIUM 7440-70-2 NE MG_KG NA NA NA NA 66.3 NB
6020A CHROMIUM, TOTAL 7440-47-3 NE MG_KG NA NA NA NA 2.41
6020A COBALT 7440-48-4 NE MG_KG NA NA NA NA 0.642
6020A COPPER 7440-50-8 50 MG_KG NA NA NA NA 2.77
6020A IRON 7439-89-6 NE MG_KG NA NA NA NA 3090 NA
6020A LEAD 7439-92-1 63 MG_KG NA NA NA NA 2.65
6020A MAGNESIUM 7439-95-4 NE MG_KG NA NA NA NA 32.7
6020A MANGANESE 7439-96-5 1600 MG_KG NA NA NA NA 11.4B
6020A NICKEL 7440-02-0 30 MG_KG NA NA NA NA 2.15
6020A POTASSIUM 7440-09-7 NE MG_KG NA NA NA NA 169
6020A SELENIUM 7782-49-2 3.9 MG_KG NA NA NA NA 0.20J
6020A SODIUM 7440-23-5 NE MG_KG NA NA NA NA 16 J
6020A THALLIUM 7440-28-0 NE MG_KG NA NA NA NA 0.023J
6020A VANADIUM 7440-62-2 NE MG_KG NA NA NA NA 19.1
6020A ZINC 7440-66-6 109 MG _KG NA NA NA NA 2.16
1312-8260 ETHYLBENZENE 100-41-4 5 5 UG L ND ND ND ND 1.2
1312-8260 METHYLENE CHLORIDE 75-09-2 5 UG L 9.6 J 9.9 J 13J ND ND
1312-8270 ACENAPHTHENE 83-32-9 NE UG L ND ND 2.7 1 ND ND
1312-8270 DIETHYLPHTHALATE 84-66-2 50* UG L ND ND ND ND 2.6
1312-8270D_SIM |1,1-BIPHENYL 92-52-4 5 UG L ND ND ND 0.131J ND
1312-8270D_SIM  |2-METHYLNAPHTHALENE 91-57-6 NE UG L 2 1.7 15 L 16L 3.7M
1312-8270D_SIM |ANTHRACENE 120-12-7 50* UG L 0.12 JL 0.11 JL 0.12 JL 0.11JL 0.18 JMM
1312-8270D_SIM |BENZO[AJANTHRACENE 56-55-3 0.002* UG L ND ND ND ND 0.058 JVMIM
1312-8270D_SIM |BENZO[A]PYRENE 50-32-8 ND UG L 0.081 J ND ND ND ND
1312-8270D_SIM |BENZO[B]JFLUORANTHENE 205-99-2 0.002* UG L 0.18 JBLL 0.14 JBLL ND ND ND
1312-8270D_SIM |BENZOI[G,H,I]JPERYLENE 191-24-2 NE UG L ND ND 0.12] 0.082 J ND
1312-8270D_SIM |DIBENZ[A,HJANTHRACENE 53-70-3 NE UG L ND ND ND 0.3 L 0.13 JLM
1312-8270D_SIM |DIBENZOFURAN 132-64-9 NE UG L 0.14 JL 0.12 JL 0.14) 0.15) 0.21
1312-8270D_SIM |DI-N-OCTYLPHTHALATE 117-84-0 50 UG L ND ND ND ND 0.087 JIMM
1312-8270D_SIM |FLUORANTHENE 206-44-0 50* UG L ND ND ND ND 0.16 JLMM
1312-8270D_SIM |INDENO[1,2,3-CD]PYRENE 193-39-5 0.002* UG L 0.064 J ND 0.54 0.35 0.22M
1312-8270D_SIM |NAPHTHALENE 91-20-3 17 10* UG L 0.84 0.73 0.68 0.7 2.8 M
1312-8270D_SIM |PHENANTHRENE 85-01-8 50* UG L 0.56 LL 0.54 LL 0.52 L 0.49 L 0.82 L
1312-8270D _SIM |PYRENE 129-00-0 50* UG L 0.16 JLL 0.21 LL 0.17 JL 0.16 JL 0.30 MM
1312-6010 ALUMINUM 7429-90-5 NE UG L NA NA NA NA 180 J
1312-6010 BARIUM 7440-39-3 1000 UG L NA NA NA NA 126 B
1312-6010 CALCIUM 7440-70-2 NE UG L NA NA NA NA 320
1312-6010 COBALT 7440-48-4 6 NE UG L NA NA NA NA 1.8
1312-6010 IRON 7439-89-6 300 UG L NA NA NA NA 170 JN
1312-6010 MAGNESIUM 7439-95-4 35000* UG L NA NA NA NA 100J
1312-6010 MANGANESE 7439-96-5 430 300 UG L NA NA N