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SECTION 1

Introduction

This final engineer report (FER) was prepared for Schlumberger Technology Corporation (STC) and

The Dow Chemical Company (Dow) as part of the New York State Department of Environmental
Conservation (NYSDEC) Voluntary Cleanup Program (VCP) for the Former Dowell Depew Facility (site)
located in Depew, New York. This FER presents the remedial action objective (RAO) and documents the
design, construction, operation, and decommissioning of the in situ thermal treatment (ISTT)
remediation system that operated at the site in accordance with the NYSDEC-approved remedial action
work plan (RAWP) (CH2M HILL Engineers, Inc. [CH2M] 2015a). ISTT remedial action (RA) activities were
performed between September 2015 and December 2016 in accordance with the NYSDEC-approved RAWP,
except where noted herein.

The FER was prepared in accordance with the NYSDEC Program Policy document—Division of
Environmental Remediation-10/Technical Guidance for Site Investigation and Remediation (NYSDEC
2010) and the site management plan (URS Corporation 2011) for the periodic submittal of data,
information, recommendations, and certifications to the NYSDEC.

1.1  Purpose of the Final Engineer Report

The purpose of the FER is to provide a comprehensive summary of the RAO, site description/history,
previous investigations and RAs, along with a detailed description of the ISTT RA activities completed at
the site. This FER will serve as the final RA completion report for the ISTT remedy.

1.2 Project Objectives

RAOs are medium-specific goals that the RA is expected to meet to protect human health and the
environment and to comply with the applicable or relevant and appropriate requirements. RAOs guide
the formulation and evaluation of remedial alternatives. The following RAO was established based on
the nature and extent of contamination, the resources that are currently and potentially threatened,
and the potential for human and environmental exposure:

e Reduce volatile organic compound (VOC) concentrations in onsite groundwater to below applicable
standards, criteria, and guideline (SCG) values to enable the removal of the institutional controls
that prohibit groundwater use without treatment and require long-term monitoring from the
property deed.

1.3 Organization of the Final Engineer Report

The report is organized as follows:

e Section 1—Introduction

e Section 2—Background

e Section 3—Remedial Action Selection and Design

Section 4—ISTT Construction and Operation

Section 5—Post-Remedy Sampling and Site Recommendations
Section 6—References

Appendix A—Mc? Remedial Design Report

e Appendix B—NYSDEC VCP Fact Sheet

e Appendix C—ISTT Implementation Photographic Log

o Appendix D—Well Abandonment Forms
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e Appendix E—ISTT System Component Well Completion Diagrams

e Appendix F—Mc?Final Report

Appendix G—Site Permits

Appendix H—Analytical Laboratory Reports and Data Quality Evaluation
Appendix |I—Waste Management
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SECTION 2

Background

Section 2 presents the site description, operational history of the facility, previous site investigations and
RAs, geology and hydrogeology, and the nature and extent of groundwater contamination. The nature
and extent of soil contamination is not included in this FER. Previous RA activities have remediated
residual soil contamination to the restricted commercial use.

2.1  Site Description

The site is east of Buffalo, New York, at 3311 Walden Avenue in the Village of Depew (Figure 2-1).

The site is in a mixed residential and industrial/commercial area. Properties surrounding the site include
Walden Avenue to the north, a CSX railroad yard to the south, a lumber yard and supply store

(84 Lumber) to the east, and a mattress manufacturer (Buffalo Batt and Felt) to the west. Figure 2-2
provides a site map of facility features prior to the ISTT RA. A residential neighborhood and a former
recycling facility (EnviroSense Corp.) are adjacent to the site on the north side of Walden Avenue.

The approximately 1.8-acre site is relatively flat with a gentle downward slope to the north-northwest
toward Walden Avenue. Maximum relief across the site (that is, from south to north) is about 4 feet,
and surface water flows from south to north across the site. The property is currently vacant, and the
ground surface consists primarily of gravel and grass with small- to medium-sized trees on portions of
the site. A 6-foot-high chain-linked fence with a locked entrance gate along Walden Avenue surrounds
the site.

2.2 Operational History

Former activities at the site included servicing industrial facilities and limited oilfield-related projects.
Various industrial cleaning and oilfield-related chemicals were stored onsite and transferred into tank
trucks for use at different job sites (URS Corporation 2004). A former railroad siding, which has been
removed, traversed the site from east to west. Former onsite building structures included the following:
a two-story office building, a chemical storage building, a one-story office/maintenance shop, an acid
plant, a bulk cement plant, cement silos, an 8,000-gallon diesel aboveground storage tank, a
1,000-gallon gasoline underground storage tank with dispenser, a mud separator, an oil/water
separator, and a hydrochloric acid aboveground storage tank (Figure 2-2). In the late 1980s, operations
at the site were discontinued, and the facility was permanently closed. Building structures were razed
during the 2003 to 2004 RA, and the site has been inactive since (URS Corporation 2011).

2.3 Previous Site Investigations and Remedial Actions

Site investigations and RAs were performed after site operations were discontinued. A chronology of the
previous site investigations and RAs is presented in Table 2-1.

2.4 Geology and Hydrogeology
241 Geology

Surface soils encountered during the previous RAs at the site consisted of a fill layer composed of poorly
sorted sands, silts, clay, gravel, and cinders that are approximately 0 to 4 feet thick. Underlying the fill
layer is a regional glacial till deposit approximately 25 feet thick. The till is composed of unsorted clay,
silt, fine sand, and fine to coarse gravel that exhibits low permeability. Subtle lithologic variations in the
glacial till with depth indicate that two subunits, which have previously been identified in historical
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reports as the upper and lower units, are present within the till. The upper till is composed of unsorted
silty clays and clayey silts that are light brown to brown in color, moist to wet, stiff to very stiff, slight to
moderately plastic, and contain little to trace fine-grained sands and subangular to sub rounded glacial
erratics (that is, pebbles and cobbles). The upper till transitions to the lower till at a depth of
approximately 18 to 20 feet below ground surface (bgs). Similar to the upper till, the lower till is also
composed of unsorted silty clays and clayey silts; however, unlike the upper till, the lower till is dark
brown to dark grey in color, damp, stiff, slightly plastic, and contains a higher percentage of embedded
subangular to subrounded glacial erratics with depth. Underlying the till is the Marcellus and
Skaneateles Shale formations (Geraghty & Miller 1990). These rock formations are present throughout
the southern half of the Erie-Niagara Basin and locally contain thin interbedded limestones. The Shale
formations typically produce small quantities of groundwater ranging from 10 to 15 gallons per minute.
The overlying glacial till deposit is an insignificant source of groundwater for the area.

2.4.2 Hydrogeology

Previous site investigation reports identified two independent groundwater units (defined as the upper
and lower till units). The upper till unit is unconfined groundwater present in the fill material and upper till,
and the lower till unit is confined groundwater in the lower till and upper bedrock. Flow in the upper,
unconfined unit is generally to the north-northwest, whereas flow in the deeper, confined lower
till/bedrock unit is to the west-northwest. Additionally, in situ hydraulic conductivity testing was
performed on selected monitoring wells during previous site investigations to ascertain the hydraulic
properties of the upper and lower till units. The slug test data presented a range of hydraulic
conductivities that are representative of the clayey till unit, which overlies the bedrock across the site.
The average hydraulic conductivity of the glacial till deposit at the time of the investigation was
approximately 1.18 x 10 centimeters per second (URS Corporation 2003).

Groundwater elevation measurements taken prior to the construction and operation of the ISTT
remediation system are presented in Table 2-2. Figure 2-3 presents the potentiometric surfaces for the
upper and lower till units as measured in September 2015. The general groundwater flow direction for
both lithologic units in relation to the VOC-impacted site monitoring wells (that is, MW-06S and
MW-06D) is to the west, which is consistent with past measurements and flow directions

(URS Corporation 2013; CH2M 2014 and 2015b).

2.5 Nature and Extent of Groundwater Contamination

Following the completion of the May 2004 RA, a long-term groundwater monitoring program was
implemented to monitor VOC-impacted groundwater. Groundwater samples were collected from site
monitoring wells quarterly from July 2004 to December 2009 and from September 2011 to July 2013.

In June 2009, six injection wells were installed to implement in situ chemical oxidation (ISCO) to reduce
VOC concentrations in site monitoring wells MW-06S and MW-06D. Approximately 375 gallons of
hydrogen peroxide and sodium persulfate were injected between August and November 2009

(URS Corporation 2010). Analysis of groundwater samples collected from MW-06S and MW-06D
between September 2011 and July 2013 indicated that the injection program had minimal impact on
VOC concentrations in either site monitoring well. After the completion of the July 2013 sampling event,
the long-term groundwater-monitoring program was modified. The sampling frequency was reduced
from quarterly to annual sampling, and the monitoring well network was reduced to MW-06S, MW-06D,
RW-01, MW-07S, and MW-07D.

Table 2-3 and Figure 2-4 present the analytes detected in groundwater during the June 2014 annual
monitoring event. Ten VOCs were detected, and eight VOCs exceeded SCG values at one or more
groundwater or recovery well. The eight VOCs exceeding SCG values are 1,1,1-trichloroethane
(1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), 1,1-dichloroethene (1,1-DCE), 1,2-dichloroethane (1,2-DCA),
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total 1,2-dichloroethene (1,2-DCE), chloroethane, cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride
(Figure 2-4).

The annual monitoring data indicated that remaining groundwater contamination exceeding SCG values
onsite is still limited to the area around monitoring wells MW-06S and MW-06D (CH2M 2014); however,
the lateral extent of onsite VOC-impacted groundwater had not been adequately defined to design a
remedy for the site. In January and April 2015, CH2M conducted a target treatment zone (TTZ)
investigation to define the lateral extent of onsite VOC-impacted groundwater so that a remedy could
be selected and designed to address the residual onsite groundwater contamination. The results of TTZ
investigation were previously presented in the RAWP (CH2M 2015a) and are included in this Final
Engineer Report as Table 2-4 and Figures 2-5 and 2-6. The following key observations and conclusions
were made based on the geotechnical and analytical results of the media samples collected during the
TTZ investigation:

e Twenty-five VOCs were detected in one or more temporary monitoring well locations, and 14 of
those VOCs exceeded their SCG value.

e The 14 VOCs that exceeded their SCG values were 1,1,1-TCA, 1,1-DCA, 1,1-DCE, 1,2-DCA,
total 1,2-DCE, acetone, benzene, chloroethane, cis-1,2-DCE, ethylbenzene, tetrachloroethene,
trichloroethene, vinyl chloride, and total xylenes.

e The highest VOC concentrations were generally detected in groundwater samples collected from
temporary wells (TW-01S, TW-03S, and TW-04D) closest to monitoring wells MW-06S, MW-06D, and
RW-01.

e Asshown in Figures 2-5 and 2-6, the TTZ was identified based on groundwater results from the TTZ
investigation. Based on the extent of SCG exceedances and the RAOQ, the TTZ was approximately
3,400 square feet and extended from ground surface to the top of bedrock, which is 30 feet deep on
average.

e Aspresented in Table 2-4, the contaminant mass in the TTZ was calculated/estimated to be 9 pounds
based on the average 1,1-DCA, chloroethane, and 1,1,1-TCA concentrations in TTZ groundwater. The
estimate also accounted for mass sorbed to the soil assuming equilibrium conditions. Using the
maximum concentrations of the same constituents, the maximum contaminant mass in the TTZ was
estimated to be 56 pounds. The contaminant mass was calculated so that remediation vendors could
select the appropriate media treatment approach given the possible remedial technologies that were
under consideration.

Results of the September 2015 annual monitoring event are discussed in Section 4.1.2.
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SECTION 3

Remedial Action Selection and Design

3.1 Remedial Action Selection

Given the RAO and the nature and extent of site contaminants, the following remediation technologies
were considered for the TTZ RA:

e Excavation

o ISTT

e Soil mixing using ISCO

e Air sparging with soil vapor extraction (SVE)

e Enhanced reductive dechlorination (ERD) or ISCO by hydraulic fracturing

Soil mixing with ISCO, air sparging/SVE, and hydraulic fracturing (with either ISCO or ERD) were rejected
because each technology provided only moderate treatment confidence given the geologic and
hydrogeologic site conditions (for example, challenges in distributing and mixing reagents in the tight
aquifer matrix) and/or would be expected to take multiple years to reach treatment goals.

Both excavation and ISTT were considered to provide high treatment confidence. Ultimately, ISTT was
selected for the site because excavation would have a much higher level of community disruption,
increase liability from transporting contaminated material, and pose more potential hazards during
implementation.

3.2 Description of the Selected Remedial Technology and
Selection of the ISTT Vendor

Thermal technologies involve the input of energy to the subsurface to raise the temperature and achieve
contaminant removal by a combination of factors, including increasing the contaminant vapor pressure

(to cause volatilization) and increasing the microbial metabolic rate (to enhance biodegradation). The most
common methods for subsurface heating include technologies based on electrical resistance heating
(ERH) or thermal conductive heating (TCH) principals, the latter of which is sometimes referred to as

in situ thermal desorption. Regardless of the heat delivery method, the propagation of heat is the
driving force for contaminant removal from groundwater and soil. Heat transfer in the subsurface can
occur by convection, conduction, and/or radiation. Convection and conduction processes dominate
subsurface heat transfer; therefore, technologies incorporating these two mechanisms are the most
commonly applied for thermal remediation.

The application of heat significantly accelerates the mobilization and removal of residual VOCs from the
subsurface. Heating the subsurface to temperatures around the boiling point of water can lead to
significant changes in the thermodynamic conditions in the subsurface and can mobilize many organic
contaminants to enhance subsurface removal processes.

Both ERH and TCH were considered viable options for the site remediation. In July 2015, a bid walk was
conducted by CH2M, and select thermal venders in attendance were given the opportunity to bid on the
upcoming ISTT RA using either ERH or TCH. In August 2015, after completing an evaluation of the
thermal vendor proposals, the ISTT RA fieldwork was awarded to McMillan-McGee Corporation (Mc?), a
Canadian-based thermal remediation vendor that specializes in using Electro Thermal Dynamic Stripping
Process (ET-DSP), which is its version of ERH.
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3.3 ISTT Remedial Design

In September 2015, CH2M and Mc? personnel mobilized to the site to collect predesign soil samples so
that Mc? could conduct electrical resistivity testing to support the ISTT remedial design (RD).
Parratt-Wolff Inc. (PW) advanced two soil borings within the TTZ using a direct-push technology (DPT)
drill rig. Each soil boring was advanced to approximately 24 feet bgs, and soil samples were collected
from discrete sample intervals using a DPT sample core barrel lined with a 2-inch-diameter acetate liner.
Upon retrieval, the sample liners were cut open, capped, and duct-taped (to retain soil moisture
content), placed in a sample cooler, and shipped to Mc?s laboratory for electrical resistivity testing.
The resistivity testing data were used to calculate the general power requirements of the ET-DSP.
Specifically, the Static Resistivity Test was conducted to estimate the electrical resistivity of the test
material at ambient temperature while the Dynamic Resistivity Test was conducted to estimate the
electrical resistivity of the test material as the temperature increases towards a maximum.

The resistivity testing data were then used to conduct an electro-thermal simulation study.

The objective of the simulation study was to develop a subsurface numerical model of the site using ERH
in conjunction with a multi-phase extraction (MPE) treatment system. The results of the numerical
model were used as the basis for the ISTT system design elements and operating strategy for the ISTT
remediation system at the site. A copy of the RD report prepared by Mc? is provided in Appendix A.
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SECTION 4

ISTT Construction, Operation, and
Decommissioning

Section 4 documents the ISTT construction, operation, and decommissioning activities performed during
the ISTT remedy. ISTT RA activities were conducted from September 2015 to December 2016 in general
accordance with the RD and RAWP (CH2M 2015a). Some modifications to the RD and RAWP
implemented based on the site conditions encountered during installation of ISTT system components
and operation of the ISTT remediation system. The various phases of work and modifications to the RD
and RAWP are discussed in the following subsections.

4.1 Preconstruction Activities

4.1.1 Notifications

At the request and in consultation with NYSDEC, CH2M assisted NYSDEC in the construction and
distribution of a NYSDEC VCP fact sheet for the site. The purpose of the fact sheet was to advise the
adjacent property owners and local community of the upcoming RA activities scheduled to be conducted
at the site and to provide the local community with NYSDEC contact information should questions arise
during implementation of the remedy. A copy of the NYSDEC VCP fact sheet prepared by NYSDEC and
CH2M is provided as Appendix B.

4.1.2 Pre-remedy Groundwater Sampling

Pre-remedy groundwater samples were collected on September 11, 2015, from the existing site
monitoring wells (that is, MW-06S, MW-06D, MW-07S, MW-07D, RW-01, and RW-02) to establish a
baseline for evaluating the remedy’s effectiveness. Table 2-3 presents the analytes detected in
groundwater during the June 2014 annual monitoring event, and Table 4-1 presents the analytes
detected in groundwater during the September 2015 baseline event. Differences in groundwater VOC
concentrations between the June and September 2015 sampling events may be attributed to seasonal
fluctuations. VOC contaminant mass detected in the pre-remedy groundwater samples will be discussed
later in this report.

413 Site Survey

Prior to the commencement of ISTT RA activities, Thew Associates, a New York State-licensed surveyor,
staked each ISTT wellfield feature prior to the installation of ISTT components. Stakes were placed in
accordance with the ISTT wellfield diagram included in the RD report (Appendix A). A photograph of the
survey stakes is provided in Appendix C.

4.1.4  Site Preparation and Mobilization

CH2M and Mc? personnel mobilized to the site and began site setup in early October 2015. Temporary
storage containers and facilities were established to facilitate various construction activities. ISTT system
components were delivered to the site as work proceeded through the various phases of construction.
Photographs of the delivery of ISTT system components are provided in Appendix C.
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415 Well Abandonment and Perimeter Fence Post Replacement

Prior to ISTT construction activities, some existing site features were removed and/or modified to
facilitate the installation of the ISTT system components. Modification to existing site features included
the abandonment of existing site monitoring (MW-06S, MW-06D, and RW-01) and injection (IW-01S,
IW-02S, IW-03S, IW-04D, IW-05D, and IW-06D) wells within the TTZ and the replacement of metal
chain-linked fence posts with wooden posts. Photographs of the abandonment of wells within the TTZ
are provided in Appendix C.

The existing polyvinyl chloride (PVC) site monitoring and injections wells within the TTZ required
abandonment because they would melt during ISTT implementation. Wells were properly plugged and
abandoned by PW, a New York State-licensed well driller, in accordance with NYSDEC regulations.
Abandoned wells are presented in Figure 4-1, and the well abandonment form for each abandoned
monitoring well is included in Appendix D.

The replacement of the metal chain-linked fence posts with wooden posts was a safety and ISTT system
performance requirement that was completed to prevent the metal posts from interfering with the
electrical currents being introduced into ground during ISTT system operation and protect the site
workers and the community.

4.2 Phase [—ISTT Underground System Construction

4.2.1 \Vertical Wells

Under Mc? and CH2M oversight, PW completed drilling activities in October 2015. Drilling activities
consisted of installing electrodes, MPE wells, and temperature monitoring sensor (TMS) wells. Two
hollow-stem auger (HSA) drill rigs were used to install the vertical ISTT system components at the site.

4.2.1.1 Borehole Advancement and Completion

Per the RD, soil borings were advanced down to the top of bedrock, which ranged from 26.5 to 31 feet bgs.
Though generally in accordance with the RD, minor variations to the position of some ISTT system
component boreholes were required due to the presence of existing subsurface features like buried
building footers. CH2M and Mc? field personnel consulted with the Mc? RD team to confirm that the
proposed modifications would not significantly alter the overall design and performance of the system.

Electrode, MPE, and TMS well construction details are provided in Sections 4.2.1.2 through 4.2.1.4.
Photographs of the construction and installation of the electrodes, MPE wells, and TMSs are provided in
Appendix C. Figure 4-2 presents the constructed locations of the ISTT wellfield components.

4,2.1.2 Electrodes

Each of the 8-inch-diameter electrodes were constructed by Mc? in Calgary and then shipped to the site.
Mc? personnel connected electrical lead wires and water circulation lines to each electrode prior to
installation into its borehole. Electrodes were double-stacked in each borehole and placed on 18.5-feet
centers in a triangular pattern to optimize heating of the TTZ and minimize the formation of cold zones
(Figure 4-2).

Installed electrodes were either 5 or 10 feet long. Typically, 10-foot electrodes were installed in each of
the 22 electrode boreholes as the bottom “deep” electrode, and then another 10-foot or 5-foot
electrode was installed as the top “shallow” electrode. The actual depth of each “deep” and “shallow”
electrode was a function of the bedrock depth and the established design criteria.

Annular space between the electrode and the borehole wall was backfilled with 20/40 silica sand from
the bottom of the borehole to approximately 1 to 2 feet bgs (exact depth varied for each electrode
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borehole). Each borehole was then backfilled with one bag of “fine” 10/20 silica sand to approximately
1 foot bgs, and Portland Cement grout to the surface. Electrode lead wires and water circulation lines
were left exposed at the surface for connection to the ISTT aboveground system components.

Each electrode was assigned an identification number that was noted on the completion diagram as it
went into the boring. Electrode well completion diagrams are provided as Appendix E.

4,2.1.3 Multi-Phase Extraction Wells

The spacing of the 4-inch-diameter MPE wells was based on the 22-foot capture radius specified in the
RD (see Figure 4-2). Like the electrodes, the depth of the 15 MPE wells depended on the actual bedrock
surface in the TTZ. When possible, a carbon steel sump was welded to the bottom of each stainless-steel
well screen so that suspended materials could collect in the sumps during ISTT system operation and
minimize clogging of the well screens. MPE well screens were installed from the bottom of each
borehole to approximately 2.5 feet bgs (exact depth varied for each MPE well). A solid section of carbon
steel casing was threaded onto each MPE well screen to complete the MPE well above the ground
surface (approximately 2.5 feet above ground surface).

Annular space between the borehole and the well screen was filled with “fine” 10/20 silica sand to
approximately 1 foot bgs. Portland Cement grout was placed above the sand pack to backfill the
borehole to ground surface.

Each MPE well was assigned an identification number that was noted on the well completion diagram
during construction. MPE well completion diagrams are provided as Appendix E.

4.2.1.4 Temperature Monitoring Sensor

The locations of the 2-inch-diameter TMS wells are shown in Figure 4-2. The TMS wells were installed to
collect temperature data during ISTT system operation. Like the electrodes and MPE wells, the depth of
the seven TMS wells depended on the actual bedrock surface in the TTZ. TMS wells consisted of 2-inch
threaded black carbon steel pipe that was grouted in place to ground surface. Once constructed, a
10-sensor string of Digital Temperature Acquisition Module (digiTAM) temperature sensors was installed
in each TMS well location.

Each TMS well was assigned an identification number that was noted on the well completion diagram
during construction. TMS well completion diagrams are provided as Appendix E.

4.2.2  Horizontal Soil Vapor Extraction Wells

Four trenches were dug in select locations within the TTZ in accordance with the RD (Figure 4-2).

In general, the four trenches were 1 to 2 feet deep and varied based upon the presence of existing
subsurface features like former building footers. Within each trench, Mc? constructed a horizontal SVE
well. Each SVE well consisted of a 2-inch-diameter, 25-foot-long fiberglass screen that was connected to
a central riser pipe. Once constructed, each SVE well was placed within each trench and enclosed in
10/20 silica sand prior to the installation of the vapor cap discussed in Section 4.2.3.

4.2.3  Electrode Electrical Testing and Vapor Cap Installation

After drilling activities were complete, but prior to the installation of a concrete vapor cap, Mc? re-tested
each electrode to verify that the electrical leads were properly connected and functional. Once each
electrode lead was confirmed to be in proper working order in late October 2015, Elastizell Systems, Inc.
installed a concrete vapor cap with an R-value of approximately R6 over the entire TTZ (Figure 4-2).

Per the RD, the vapor cap extended beyond the footprint of the TTZ along the western, southern, and
eastern edges to prevent fugitive emissions from escaping the subsurface and entering into the
atmosphere, minimize energy losses during system operation, prevent air from being drawn into the
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fluid extraction system, and promote the positive drainage of rainwater away from the TTZ.

The northern edge of the vapor cap was restricted by the property boundary and could not be extended.

4.3 Phase Il—ISTT Aboveground System Construction

Mc?, MK Environmental (a subcontractor to Mc?), and New York State Electric and Gas (NYSEG) constructed
and installed ISTT aboveground system components from November 2015 through January 2016.

Prior to the delivery and installation of ISTT aboveground system components, a 60-foot by 80-foot area,
immediately east of the ISTT wellfield, was prepared for construction activities. Preparation work
included the delivery, placement, and compaction of crushed gravel to serve as the base foundation on
which the ISTT aboveground system components were later constructed.

ISTT aboveground system components were delivered to the site via flatbed trucks, offloaded, and placed
at their designated locations using a truck-mounted crane. Construction and placement of ISTT
aboveground system components were performed in accordance with the health and safety plan included
in the RAWP (CH2M 2015a). Photographs of the delivery and the placement of ISTT aboveground system
components are provided in Appendix C. Figure 4-3 presents the ISTT aboveground system components.

43.1 ET-DPSSystem

A new high-voltage (664 kilovolt-ampere) electrical feed was installed onsite by NYSEG to supply
electricity to the ET-DSP system. Prior to installation, the plans and specifications for the electrical
services were provided by Mc? to NYSEG for review and approval.

Installation of the ET-DSP system components consisted of the placement of a main electrical panel,

a power distribution panel, two power distribution system (PDS) units, and two water circulation system
(WCS) units. Installed electric cables connected power to ET-DPS system components. In accordance
with the RD, the electrical current went from the offsite power lines to the onsite transformers, to the
main power panel, to the power distribution panel, to the PDS and WCS units, and then to the
underground electrodes (Figure 4-3).

Electrodes in rows E-A, E-B, and half of row E-C, as shown in Figure 4-2, were connected to PDS and WCS
units A as shown in Figure 4-3, and electrodes in rows E-D, E-E, and half of row E-C were connected to
PDS and WCS units B. Each PDS and WCS unit controlled electrical power and water circulation to

22 electrodes and were equipped with time-distributed control capabilities so that they could be
controlled remotely over the internet via an onsite server and offsite server controlled by Mc2. Each PDS
unit contained multiple Emergency Shutdown Devices (ESDs) to ensure worker safety during system
operation and maintenance.

Additional ET-DSP system component details are provided in Appendixes A and F.

4.3.2 Multi-Phase Extraction Treatment System

MK Environmental provided and installed the MPE treatment system components. This included the
placement of a liquid and vapor knockout tank, a groundwater treatment unit, process water transfer
tanks, a temporary groundwater storage tank, a vapor chiller unit, and a vapor treatment unit.

A high-density polyethylene conveyance piping manifold was then constructed above the ISTT wellfield.
PVC lines were installed on the MPE and SVE wellheads and the conveyance piping manifold to connect
the wellfield components to the aboveground MPE treatment system components. In accordance with
the RD, system components were constructed so that extracted liquids and vapors flowed from the MPE
and SVE wells through the conveyance piping to the knockout tank where liquids and vapors were
separated and conveyed to their respective treatment system units for treatment and discharge.
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Additional MPE treatment system component details are provided in Appendixes A and F.

4.4  Phase lll—Operation of the ISTT System

4471 Permits

Upon receiving NYSDEC-approval of the RAWP, CH2M and Mc? consulted with multiple local and state
regulatory and municipal agencies to obtain the necessary permits to operate the ISTT remediation
system as follows:

e On December 29, 2015, an underground injection control permit (for the reinjection of treated
groundwater into the TTZ to keep the ISTT electrodes moist during operation) was received from the
U.S. Environmental Protection Agency (USEPA) Region 2.

e On February 18, 2016, prior to operating the ISTT system, CH2M obtained a publicly owned
treatment works (POTW) discharge permit (for the discharge of treated groundwater to a local
offsite storm sewer manhole) from Erie County Sewer District No. 4.

e Approval was granted to begin using 45 percent glutaraldehyde microbiocide in the holding tank at
the facility to treat biofouling as follows: May 24, 2016, from Erie County Sewer District No. 4;
May 25, 2016, from NYSDEC; and July 8, 2016, from USEPA.

A copy of each approved permit is presented in Appendix G.

In consultation with NYSDEC and New York State Division of Air, CH2M determined that the discharge of
treated VOC vapors from the vapor treatment unit portion of the treatment system qualified as a “trivial
activity” as defined under Section 6 CRR-NY 201.3.3. As such, an air permit was not required and
therefore not obtained. Documentation regarding the applicability of an air permit for operation of the
MPE treatment system is included in Appendix G.

4.4.2 ISTT Acceptance Testing and System Initiation

ISTT acceptance testing was performed in December 2015 after ISTT system components were installed.
In general, acceptance testing involved the following:

e Verification that the computer controller was communicating properly with system components.

e Verification that the ESDs were functional and properly communicating with both the onsite and
offsite server controls.

e Measurement of the resistive load between electrodes to make sure that the loads were within
design parameters.

e Balancing of the phase currents entering into the system, and confirming that induced surface
potentials did not exceed 15 volts (threshold established by National Electric Code).

Initial startup (that is, commissioning) of the ET-DSP and testing of the MPE treatment system was
performed in early February 2016 after NYSEG provided power to the site. ISTT commissioning involved
testing various ISTT components to verify that each component operated safely and within the design
parameters and establishing pneumatic and hydraulic control of the TTZ. The ET-DSP ISTT system startup
began on February 22, 2016, after pneumatic and hydraulic control were established.

Mc? and MK environmental personnel stayed onsite for several days during initial start-up to make
minor system adjustments and to train a local operator on system operations. A local operator (Ontario
Specialty Contracting Inc.) was trained to monitor the system and make system adjustments as directed.
Local operator duties included collecting manual flow readings and completing an operator checklist.
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4.4.3 ET-DSP System Operation and Optimization

Subsurface heating of the TTZ was achieved by passing electric currents from the PDS units through the
electrodes in the subsurface to generate heat. In addition to the introduction of electric currents,
treated water from the WCS units was injected into each electrode at the design rate of 0.1 gallon per
minute to prevent the electrodes from drying out and to promote uniform heating throughout the TTZ.

As the TTZ heated up, Mc? representatives remotely monitored system operation by logging into a
website they designed to monitor the system. In some cases, the Mc? representatives were able to make
changes to the system remotely without having to send an operator to the site. When adjustments
could not be made remotely, Mc? representatives dispatched an onsite operator to make systematic
adjustments to ISTT and MPE treatment system components.

Key optimization adjustments performed during initial heating included the following:

e Monitoring of power levels of electrodes and adjusting voltage tap settings on PDS unit
transformers.

o Verifying that the hydraulic balance is maintained within the subsurface.
e Verifying that there were no leaks within the MPE treatment system conveyance lines and units.
e Adjusting blower speed to maintain target vapor recovery rates.

e Confirming that the electrode slurper tube assemblies (an essential component of the WCS units)
were producing sufficient treated groundwater to keep the electrodes moist.

On average, temperatures within the TTZ rose approximately 1 to 2 degrees Celsius (°C) a day, and the
average target temperature of 100°C was achieved at most TMS locations on May 12, 2016 (81 days into
system operation). The average target temperature was maintained from May 12 to July 18, 2016.
Temperature lags and fluctuations after July 18, 2016, were due to adjustments of the power delivery,
desiccation of electrode wells, and down time for sampling, maintenance, and precipitation events.
Figure 4-4 shows the average temperature within the TTZ during ISTT operations.

Subsurface heating operations lasted a total of 240 days, ending on October 19, 2016, 60 days longer
than anticipated in the Remedial Design Report (Appendix A).

444  Treatment System Operations

Extracted vapors and liquids were conveyed from the MPE wells through the conveyance pipe to
specialized treatment units where vapors and liquids were separated and treated as follows:

e Vapor Treatment. Vapors flowed into the liquid and vapor knockout tank where vapor then passed
through a series of heat exchangers before entering into a second knockout tank to remove as much
of the liquid stream as possible; the separated liquid stream was diverted to the liquid treatment
process discussed below. Vapors were then cooled using a refrigerated glycol unit to a temperature
suitable for carbon absorption. The cooled vapors then passed through a series of two 750-pound
vapor-phase granular activated carbon (GAC) vessels to remove volatized VOCs before being vented
into the atmosphere.

e Liquid Treatment. Liquids from the multi-phase streams were combined with extracted
groundwater before being passed through an oil-water separator, which was used to remove
nonaqueous phase liquid, if it had been present. The liquid was then pumped through a tray air
stripper to remove dissolved VOCs before being pumped into a 21,000-gallon temporary holding
tank. Before the treated water was reinjected into the electrodes or discharged to the offsite
sanitary sewer manhole, it was pumped from the holding tanks through two bag filters, to remove
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suspended solids, and finally pumped through a series of two 1,000-pound liquid-phase GAC vessels
to remove volatilized VOCs.

Approximately 1.2 million gallons of treated groundwater was reinjected into the electrodes during ISTT
system operation at an average injection rate of 3.5 gallons per minute. An additional 133,590 gallons was
discharged to a local offsite sanitary sewer manhole in accordance with the POTW discharge permit.

445 ISTT System Monitoring

Several parameters were monitored to assess system performance and compliance. Key parameters
included ground temperature, energy use, vapor quality, water quality, and in situ VOC concentrations
through performance soil and groundwater sampling (Section 4.4.6). Temperature and energy use were
used to assess the overall system progress, particularly as compared to the RD; the vapor, water, and soil
results were used to estimate VOC mass removal from the site and to estimate the timeframe in which the
system needed to operate to achieve the RAO. These are discussed in the following subsections.

4451 Temperature Monitoring

Variability in the permeability of the TTZ resulted in greater vertical and lateral groundwater recharge in
some areas of the TTZ, which in turn resulted in higher extraction rates, higher thermal energy input, and
greater fluctuations in average temperatures with depth. Differences in the average temperature of the
depth intervals monitored during ISTT operation are presented in Figure 4-5. The lower-than-anticipated
average temperatures for the 674 to 680 feet above mean sea level interval (interval closest to the
surface) was primarily attributed to the lateral infiltration of cool water from precipitation events
infiltrating through the sidewalls of the TTZ.

Mc? remotely monitored the ISTT wellfield temperature and made daily adjustments to power and water
inputs throughout the operation of the system. With the exception of the variability of the TTZ permeability,
the monitored temperatures closely resemble the design temperature curves presented in the RD.

4.45.2 Energy Use

Energy input into the ISTT system is a function of soil resistivity, the spacing of electrodes, the
effectiveness of the convective heat transfer (steam injection from the electrodes), and the rates of
extraction. A total of 1,497,200 kilowatt-hours (kW-Hr) of energy was directed into the subsurface
during the 240-day operation period. As presented in Figure 4-6, more energy was required overall to
keep the shallow electrodes and the corresponding shallow TTZ depth intervals above the targeted
average temperature than the deep electrodes and the corresponding deep TTZ depth intervals.

The actual total amount of energy used was greater than the design power consumption (1,281,100 kW-Hr)
presented in the RD. The additional inputted energy was used to prevent heat loss from influx of cool
groundwater from laterally entering into the TTZ along the eastern side of the TTZ and to extend system
operations an additional 63 days beyond what was anticipated in the RD (extended ISTT system operations is
discussed in Section 4.4.6).

4.4.5.3 Vapor Monitoring

Photoionization detector (PID) readings and flow measurements were collected by the onsite
operator daily throughout heating operations to assess the performance of the MPE treatment
system. Vapor monitoring was typically conducted biweekly from March to August 2016 on the
influent vapor stream to assess VOC mass removal from the TTZ subsurface and on the effluent vapor
stream to monitor the efficiency of the GAC removal and to determine when breakthrough occurred.
Influent and effluent grab vapor samples were collected immediately before and after the vapor-
phase GAC units using a PID and Tedlar bags for quick field analysis and SUMMA canisters for VOC
laboratory analysis by USEPA Method TO-15.
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The results from the influent and effluent samples are provided in Table 4-2 and are shown in

Figures 4-7 and 4-8. Analytical laboratory reports and the data quality evaluation for the vapor
monitoring samples are provided in Appendix H. As the TTZ subsurface temperature neared the design
target temperature of 100°C, the influent vapor concentration peaked on May 6, 2016 (75 days into
operation). After that point, the influent vapor concentrations gradually decreased by more than an
order-of-magnitude as the design target temperature was maintained for the duration of the treatment
period. Effluent VOC vapor concentrations were several orders-of-magnitude lower than influent
concentrations throughout system operation. As a result, no vapor-phase GAC changeout was required.

Mc? used the laboratory data to calibrate PID and flow measurements and to estimate the contaminant
mass removed from the wellfield (Appendix F). The total VOC mass removed in the vapor phase
throughout system operation was calculated to be 65.9 pounds with and 6.8 pounds without acetone.
Because acetone is a temporary byproduct of thermal remediation, the estimated VOC mass totals
included in this report are provided both inclusive and exclusive of acetone.

4454 Water Monitoring

Similar to vapor monitoring, water monitoring was conducted biweekly from March to August 2016.
Influent water samples were collected to assess VOC mass removal from the TTZ subsurface. Effluent
water samples were collected to verify that the treatment system was operating effectively and that the
treated groundwater discharged to the local offsite sanitary sewer manhole was in compliance with the
POTW discharge permit. Influent groundwater samples were collected immediately before the air
stripper and effluent groundwater samples were collected for VOC analysis by Method 8260C after the
liquid-phase GAC units using standard volatile organics analysis vials.

The results from the influent and effluent samples are provided in Table 4-3 and are shown in

Figures 4-9 and 4-10. Analytical laboratory reports and the data quality evaluation for the water
monitoring samples are provided in Appendix H. The influent liquid VOC concentrations peaked on

April 8, 2016 (47 days into operation) and then gradually decreased to below laboratory detection limits
as the system continued to operate. Effluent liquid VOC concentrations were either several orders-of-
magnitude lower than influent concentrations or below laboratory detection limits throughout system
operation. As a result, no liquid-phase GAC changeout was required.

Mc? used the laboratory data to estimate the contaminant mass removed from the wellfield
(Appendix F). The total VOC mass removed in the liquid phase during system operation was estimated to
be 5.2 pounds with and 0.2 pound without acetone.

4455 Mass Removal Based on Influent Treatment System Sampling

The total estimated VOC mass removed based on treatment system measurements and analytical data is
approximately 71 pounds (including acetone; Figure 4-11, Graph A) or 7.0 pounds (excluding acetone;
Figure 4-11, Graph B).

As presented in Figure 4-11 (Graph A), contaminant mass removal (including acetone) gradually
increased (between May and June) once average target temperatures were achieved within the TTZ
subsurface. Contaminant mass removal peaked in mid-June before leveling off and plateauing in early
August 2016. As presented in Figure 4-11, Graph B, when acetone is excluded from the cumulative mass
removal, the mass removal gradually increases between April and August before leveling off.

4.4.6 ISTT System Performance Sampling

Soil and groundwater (when present) sampling within the TTZ was completed after 4, 7, and 9 months
(June, August, and October 2016) of treatment to assess ISTT effectiveness and to help estimate when
to shut down the system (by comparing results against SCG values). Soil and groundwater sample
locations for 4, 7, and 9 months of operation are shown in Figures 4-12, 4-13, and 4-14, respectively.
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4.46.1 Interim Sampling (June 2016)

Soil and groundwater samples were collected using a DPT drill rig at select locations within the ISTT
wellfield to confirm soil temperature readings in the subsurface and to measure residual VOC
concentrations. The following procedures were used to collect the samples:

e Soil cores were analyzed with a portable temperature gun as the soil cores were extracted from the
subsurface.

e Soil cores within the stainless-steel sleeves were extracted from the DPT sample barrel, capped
using tape and plastic caps, and cooled using ice to prevent volatilization.

e Soil core temperatures were periodically monitored to determine when soil cores reached ambient
temperature (approximately 10 minutes) permissible for sample collection.

e After cooling, soil cores were screened with a PID. Soil samples were collected where VOCs were
detected with the PID or from the middle of the 4-foot sample core using a TerraCore sampler kit.
Samples were then hand-delivered to TestAmerica Laboratories, Inc., in Buffalo and analyzed for
VOC analysis.

e Immediately after extracting the DPT soil core barrel, each borehole was checked to see if the
borehole stayed open and whether sufficient groundwater was present to collect a groundwater
grab sample. If groundwater was present, then tubing connected to a peristaltic pump was lowered
down the borehole. Hot groundwater was pumped from the borehole into tubing that passed
through an ice bucket bath to the appropriate sample bottleware. Samples were then
hand-delivered to TestAmerica Laboratories, Inc., in Buffalo and analyzed for VOC analysis.

Soil and groundwater sample locations are presented in Figure 4-12. Sample locations SB-01, SB-02, and
SB-04 were chosen based on their proximity to historical VOC groundwater detections. Sample location
SB-03 was chosen because of its accessibility and proximity to the edge of the TTZ. Analytical results
from the interim sampling event are provided in Table 4-4, and analytical laboratory reports and the
data quality evaluation are provided in Appendix H. Multiple soil samples were collected from various
sample depth intervals. Only one borehole stayed open (SB-03); therefore, only one groundwater grab
sample was collected. The analytical results from both the interim soil sampling event and the bimonthly
operation sample collection indicated that while the ISTT system had made significant reductions in VOC
concentrations, mass removal had not reached asymptotic levels, and concentrations in both media
continued to exceed remediation goals established in the RAWP. As a result, ISTT system operation
continued.

4.4.6.2 Confirmation Sampling (August 2016)

An ISTT system performance confirmation sampling event was conducted in mid-August 2016 after
diminished returns were observed in the influent biweekly liquid and vapor treatment monitoring
samples. Performance confirmation samples were collected in the same manner as those collected
during June 2016 Interim sampling event.

Soil and groundwater sample locations are presented in Figure 4-13. Sample locations were chosen by
CH2M to confirm that the ISTT performance goals and the RAO were achieved across the TTZ. Two soil
samples were collected from various sample depth intervals at each sample location. Groundwater grab
samples were collected when water was present. Analytical results from the performance confirmation
sampling event are provided in Table 4-5, and analytical laboratory reports and the data quality
evaluation are provided in Appendix H. The analytical results indicated that the ISTT performance goals
and RAO were achieved, except in the northeast corner of the TTZ.

Based on a review of the temperature data, the northeast corner of the TTZ was inconsistently heated,
likely as a result of cool groundwater influx, and it was possible that temperature targets were not

PR0211171119MKE 4-9



FINAL ENGINEER REPORT
FORMER DOWELL DEPEW FACILITY, DEPEW, NEW YORK

sustained throughout the entire operating period. As a result, an extended operations plan was
developed (Section 4.4.6.3) to continue to target the northeast corner of the TTZ and closely monitor
temperatures.

Because the goals had been achieved in the rest of the TTZ, electrodes in rows C, D, and E and extraction
from wells in rows B, C, and D were suspended on August 30, 2016 (Figure 4-2).

4.4.6.3 Extended ISTT System Operations Sampling

Power to electrodes E-A-3, E-A-4, and E-B-4 and extraction from MPE wells in row A continued until
October 2016. The objective was to use additional heating and extraction to achieve the ISTT
performance goals and the RAO in the northeastern corner of the TTZ. To assess the effectiveness of the
additional heating, temperature monitoring sensor TMS-D3 was placed in MPE well X-A-3 to confirm
that temperatures in that portion of the site would mobilize/destroy the residual contaminant mass.
Additionally, vapor and liquid samples were collected from MPE well X-A-3, twice weekly to evaluate the
progress of the extended ISTT system operations.

Analytical results from the extended ISTT system operations are provided in Table 4-6, and analytical
laboratory reports and the data quality evaluation are provided in Appendix H.

4.4.6.4 Confirmation Sampling (October 2016)

A second ISTT system performance confirmation sampling event was conducted on October 6, 2016,
after temperatures conducive to removing residual VOCs were maintained and liquid and vapor
monitoring samples taken from MPE well X-A-3 indicated mass recovery was asymptotic. Performance
confirmation samples were collected in the same manner as those collected during the June and August
2016 sampling event.

Soil and groundwater sample locations are presented in Figure 4-14. Sample locations SB-10 and SB-11
were chosen because of their proximity to the August 2016 sampling location SB-03 and electrode E-A-4.
Analytical results from the performance confirmation sampling event are provided in Table 4-7, and
analytical laboratory reports and the data quality evaluation are provided in Appendix H.

4.4.7 Remedy Evaluation

Performance confirmation sampling performed in August and October 2016 (discussed in Section 4.4.6.2
and 4.4.6.4) indicate that the ISTT was successful in removing the bulk contaminant mass residing within
the TTZ.

Confirmation soil sampling results indicate that the detected VOC concentrations within the TTZ are
below the unrestricted-use soil SCG value for each sample location at each sample depth, with the
exception of sample location SB-03 (collected in August 2016) at a sample depth of 14.5 feet bgs.

The vinyl chloride concentration at SB-03 was just above the unrestricted-use soil SCG value (24.5 versus
20 micrograms per kilogram) and well below the vinyl chloride commercial soil SCG value of

13,000 micrograms per kilogram, which is the current restricted use of the site.

Extended ISTT system operations and the October confirmation groundwater sampling indicated that vinyl
chloride and cis-1,2-DCE only slightly exceeded their respective groundwater SCG value and that these
exceedances were restricted to a small portion of the TTZ. Coupled with the soil results and asymptotic
mass recovery, it was no longer cost effective to continue ISTT operations. As a result, the heating of
electrodes E-A-3, E-A-4, and E-B-4 and extraction from MPE wells in row A were suspended on October
19, 2016, ISTT operation ceased, and the system was readied for decommissioning. Vinyl chloride and
cis-1,2-DCE groundwater concentrations are expected to attenuate and decrease to below groundwater
SCG values as the TTZ cools down and the indigenous dechlorinating microorganisms are able to
re-establish within the TTZ.
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4.5

SECTION 4—ISTT CONSTRUCTION, OPERATION, AND DECOMMISSIONING

Phase IV—ISTT System Decommissioning

451 System Decommissioning

The ET-DSP system and MPE treatment system was decommissioned between October 20, 2016, and
December 5, 2016, by CH2M, Mc?, MK Environmental, and other lower-tier Mc? subcontractors. System
decommissioning activities included the following tasks:

e Aboveground ISTT Infrastructure

Removal and disposal of water hoses and winter insulation.

Removal, decontamination, and disposal of MPE and SVE piping.

Disconnection and decontamination of extraction wellheads and instrumentation.
Removal, decontamination, and disposal of water circulation and MPE conveyance piping.

Disconnection and spooling of electrical cables, electrode wires, grounding wire, and
communication cables associated with ET-DSP system components.

Removal, decontamination, and prepping of transfer pumps, TMSs, alarm sensors, and other
reusable thermal treatment equipment for offsite transport.

Disconnection and decontamination of MPE treatment system components.

Loading of ET-DSP system components and MPE treatment units onto flatbed trucks for offsite
transport.

Final discharge of water to the POTW offsite local sanitary sewer manhole.
Decontamination and removal of the treated groundwater temporary storage tank.

Removal of temporary electrical power drop (onsite transformers and connection leads).

e Belowground ISTT Infrastructure

Subsurface abandonment of electrodes. Abandonment of electrodes consisted of cutting and
capping electrical leads and WCS hoses and grouting up surface depressions (if present).

Abandonment of MPE and TMS well locations. Abandonment of MPE and TMS well locations
consisted of pulling well casing and tremie grouting down the boreholes until the grout reached
the surface. Abandonment of SVE wells consisted of pumping grout down the central riser pipe
until the grout reached the surface and then pulling the central riser pipe.

Conversion of MPE well locations X-A-1, X-A-3, and X-C-3 into post-remedy monitoring sample
locations. Conversion included cutting out vapor cap pad and installing a lockable steel
protective surface casing.

e Sjte Restoration

Removal and offsite disposal of the ISTT vapor cap.
Re-grading of the area formerly covered by the vapor cap.
Removal of the privacy mesh from the property fence.

Offsite disposal of general trash and debris.
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FORMER DOWELL DEPEW FACILITY, DEPEW, NEW YORK

45.2 Waste Management

To the maximum extent possible, system components (temperature sensors, vacuum and temperature
gauges, fittings, and wellhead components, electrodes, and pumps) were salvaged, decontaminated,
and shipped offsite for reuse by Mc? and MK Environmental. The following is a summary of the waste
generated during ISTT system installation, operation, and decommissioning:

4-12

Soil cuttings generated during the installation of the underground ISTT system components were
placed in temporary rolloff containers. At the conclusion of drilling activities, waste characterization
samples were collected from the rolloff containers to facilitate offsite disposal. Based on the
analytical results of the waste characterization samples, the soil cuttings were classified as
nonhazardous, and the waste was transported offsite and disposed of at a local landfill. The waste
profile and signed manifests for the soil cutting rolloffs are provided in Appendix I.

General trash, personal protective equipment, hoses, shipping materials, and other unusable waste
generated during construction and installation of the ISTT system was considered nonhazardous. One
rolloff container (approximately 2 tons) was shipped to and disposed of at a local municipal landfill.

Decontamination water used during the decommissioning of the ISTT system components was
pumped through the liquid-phase GAC before being discharged to the offsite local sanitary sewer
manhole.

During ISTT decommissioning, a waste characterization sample was taken of the sludge within the
liquid and vapor knockout tank. The sludge accumulated inside the knockout tank during ISTT
system operations. The waste characterization sample results indicated that the material was
nonhazardous. The sludge was vacuumed out of the tank and taken offsite to a local processing
plant for disposal. The waste profile and signed manifest for the sludge are provided in Appendix I.

During ISTT decommissioning, a waste characterization sample was taken of the vapor-phase and
liqguid-phase GAC vessels. The waste characterization sample results indicated that the GAC was
nonhazardous. The GAC was vacuumed out of each treatment vessel and taken offsite to a local
processing plant for disposal or regeneration. The waste profile and signed manifest for the GAC are
provided in Appendix I.

The vapor cap was broken up into manageable pieces and stockpiled onsite for offsite disposal at a
local municipal landfill. Approximately 12 dump-truck loads of broken concrete were disposed of
offsite.

General trash, PPE, hoses, shipping materials, and other unusable waste generated during the
decommissioning of the ISTT system was considered nonhazardous. One rolloff container
(approximately 2 tons) was shipped to and disposed of at a local municipal landfill.
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SECTION 5

Post-Remedy Sampling and Site
Recommendations

5.1 Post-Remedy Sampling Results

Post-remedy groundwater samples were collected from monitoring wells X-A-1, X-A-3, X-C-3, and RW-02
in December 2016 (45 days post-ISTT shutdown) and from monitoring wells X-C-3 and X-A-3 in February
2017 (105 days post-ISTT shutdown). Analytical results from the extended ISTT system operations are
provided in Table 5-1, and analytical laboratory reports and the data quality evaluation are provided in
Appendix H.

Post-remedy groundwater sample results confirm that vinyl chloride and cis-1,2-DCE are the only VOC
analytes that still have detections above groundwater SCG values; however, vinyl chloride
concentrations in groundwater collected from well X-A-3 decreased by nearly 30 percent between the
December 2016 and February 2017 sampling event, indicating that further treatment is occurring.
Additionally, the slight increase in cis-1,2-DCE at site monitoring well X-A-3, and vinyl chloride at site
monitoring well X-C-3 are attributed to the continued degradation of the parent compound (that is,
TCE). Water quality parameters collected during the February 2017 post-remedy sampling event are
presented in Table 5-2. The results indicate that groundwater conditions are suitable for reductive
dechlorination (that is, dissolved oxygen and oxidation reduction potential are low, and residual organic
carbon [acetone] is present to sustain the reducing conditions) once the average TTZ temperature
decreases to ideal temperatures that promote microbial activities throughout the entire TTZ (typically
between 30 and 40°C).

5.2 Site Recommendations

Based on the success of the ISTT remedy, Dow and STC propose the following:

e Remove the groundwater monitoring and reporting requirement (that is, the periodic review report)
from the site management plan and institutional controls/engineering controls form.

e Decommission and abandon the remaining site monitoring wells and piezometers.

e Prepare a final periodic review report submittal to NYSDEC documenting the achievement of the
goals and decommissioning and abandonment of the remaining site monitoring wells and
piezometers.

As the site owner, STC will continue to provide a signed copy of the institutional controls/engineering
controls form to NYSDEC and/or other state agency as necessary, confirming adherence to the long-term
institutional controls as required by the Declaration of Covenants and Restrictions.
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Table 2-1. Chronology of Site Investigations and Remedial Actions

Final Engineer Report

Former Dowell Depew Facility, Depew, New York

Date

Work Performed

September 1989

May 1990

January 1992

September 1996 - March 1997

November 1997

July 1998

July 1998 - January 2000

February 26, 2001

July 2001

October 2003 - May 2004

October 2005
April 2008
June 2009

September 2010
May 2011
December 2011
August 2013

August 2014

January and April 2015

Removal and offsite disposal of the 1,000-gallon UST and its associated dispenser, the 8,000-
gallon AST, and contaminated soils.

Site investigation performed to determine the presence or absence of chemical constituents in
site soil and groundwater. Low-level VOC concentrations were detected in shallow groundwater.

Physical/chemical evaluation of groundwater performed at former UST location. No
contamination was detected in the groundwater sample.

Monitoring well installation (MW-01, MW-02, MW-03, and MW-04) and groundwater sampling.
VOC concentrations exceeded SCG values at MW-03, and lead exceeded the MCL at MW-02 and

MW-04. The mud separator was decommissioned.
Supplemental investigation was performed, soil samples were collected, and groundwater

samples were collected from existing monitoring wells.

Removal and offsite disposal of former acid plant concrete revetment, 500 tons of VOC-
contaminated soil from around the acid plant, cement bulk plant debris, and other miscellaneous
debris.

Groundwater samples were collected four times during this period from MW-01 through MW-04
for VOCs.

The volunteers entered into a Voluntary Cleanup Agreement with NYSDEC.

Site investigation was performed to collect soil, sediment, and groundwater samples. Hydraulic
conductivity testing was performed. An asbestos survey and land survey of investigation
locations was completed.

Remedial activities, including asbestos abatement, building/structure demolition, monitoring
well abandonment and installation, excavation and offsite disposal of approximately 4,610 tons
of VOC-contaminated soil.

Installation of monitoring well MW-07D.

Offsite groundwater investigation completed.

Installation and implementation of six injection wells upgradient of monitoring wells MW-06S
and MW-06D. 377 gallons of hydrogen peroxide and sodium persulfate was injected between
August and November 2009.

Final remedial action report was prepared and submitted to NYSDEC.

A site management plan was submitted to NYSDEC.

NYSDEC issued a Certificate of Completion for the site remediation.

First Periodic Review Report was submitted and presented a summary of the remedy
performance during the period of December 7, 2011, through July 7, 2013.

Second Periodic Review Report was submitted and presented a summary of the remedy
performance during the period of July 7, 2013, through July 7, 2014.

Groundwater Target Treatment Zone Investigation.

July 2015 Third Periodic Review Report was submitted and presented a summary of the remedy
performance during the period of July 7, 2014, through July 7, 2015.

August 2015 Remedial Action Work Plan was prepared and submitted to NYSDEC. The work plan describes the
construction, installation, and decomissioning details associated with the ISTT remedy.

August 2016 Fourth Periodic Review Report was submitted and presented a summary of the remedy
performance during the period of July 7, 2015, through July 7, 2016.

Notes:

AST = above ground storage tank
ISTT = in situ thermal remediation
MCL = maximum contaminant level

NYSDEC = New York State Department of Environmental Conservation
SCG = applicable standards, criteria, and guidelines

UST = underground storage tank
VOC = volatile organic compound



Table 2-2. Groundwater Elevation Measurements
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Ground Top of
Surface Casing Depthto  Depth to Total Depth Depth to Water Groundwater
Elevation  Elevation Topof  Bottom of Measured Measured Elevation
Northing Easting (U.S.survey (U.S.survey Total Depth  Screen Screen September 11, 2015 September 11,2015 September 11, 2015
Well ID (feet)® (feet)® feet)” feet)’ (ft btoc) (ft bgs) (ft bgs) (ft btoc) (ft btoc) (ft amsl)
MW-01 1060918.910 1118926.532 680.66 680.38 29.72 20 30 28.83 14.00 666.38
MW-02 1061207.358 1119169.445 679.10 678.83 28.03 18.3 28.3 26.56 0.65 678.18
MW-04 1061182.237 1119049.105 678.14 677.71 27.57 18 28 27.70 1.70 676.01
MW-06S 1061160.411 1118936.396 677.54 677.13 20.09 10 20 19.88 2.10 675.03
MW-06D 1061162.079 1118940.064 677.45 677.16 30.21 20 30 29.70 2.16 675.00
MW-07S 1061150.146 1118858.431 677.17 676.66 19.49 9.5 19.5 19.00 4.60 672.06
MW-07D 1061142.027 1118861.752 677.43 676.83 29.90 20 30 30.22 5.46 671.37
RW-01 1061164.035 1118969.498 677.76 680.34 18.58 6 16 18.40 3.88 676.46
RW-02 1061102.659 1119042.870 678.66 681.16 18.50 6 16 18.05 4.65 676.51
PZ-01S 1061010.277 1118925.124 678.44 681.49 15.05 2 12 15.10 6.87 674.62
Pz-01D 1061004.001 1118926.203 678.86 681.88 27.52 22.5 24.5 27.07 7.15 674.73
PZ-02S 1060920.110 1118923.845 680.72 684.53 15.81 10 12 16.58 7.49 677.04
PZ-03S 1061038.815 1119046.902 680.09 683.08 14.99 10 12 15.03 4,95 678.13
PZ-03D 1061043.063 1119052.978 680.38 682.60 26.22 22 24 26.95 5.02 677.58
Pz-04S 1061069.999 1118915.093 678.23 681.23 15.00 10 12 15.12 7.02 674.21
PZ-04D 1061074.170 1118919.821 678.24 681.44 27.70 22.5 24.5 27.09 7.10 674.34
PZ-05S 1061114.176 1119128.343 679.56 682.19 14.63 10 12 15.00 5.25 676.94
PZ-05D 1061117.993 1119132.212 679.53 682.85 27.62 22.3 24.3 26.70 5.79 677.06
Pz-07S 1061161.630 1119094.894 679.01 681.93 15.42 10.5 12.5 14.80 5.54 676.39
PZ-07D 1061164.545 1119103.472 679.01 681.91 27.90 23 25 27.05 5.55 676.36
PZ-08S 1061181.135 1119044.411 678.25 681.90 15.45 9.8 11.8 15.02 6.13 675.77
PZ-09S 1061202.304 1119170.928 679.21 683.16 16.25 10.3 12.3 15.02 7.15 676.01

®North American Datum of 1983 (2011), New York State Plane Coordinate System (West Zone), United States survey feet.
®North American Vertical Datum of 1988, United States survey feet.

Notes:

ft amsl = feet above mean sea level

ft bgs = feet below ground surface

ft btoc = feet below top of casing

MW = monitoring well

PZ = piezometer



Table 2-3. Detected Analytes in Groundwater — June 2014
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location MW-06D MW-06S MW-07D MW-07S RW-01
SampleID MW-6D-061014 MW-6S-061014 MW-7D-061014 MW-75-061014 RW-01-061014
Sample Date 6/10/2014 6/10/2014 6/10/2014 6/10/2014 6/10/2014

Analyte SCG Values
VOC (ug/L)
1,1,1-Trichloroethane 5 1581 7.77 0.82U 0.82U 0.82U
1,1-Dichloroethane 5 11,800 252 0.38U 0.38U 0.715)
1,1-Dichloroethene 5 25.7 4.82 0.29 U 0.29U 0.29U
1,2-Dichloroethane 0.6 2.72 0.21U 0.21U 0.21U 0.21U
1,2-Dichloroethene, Total 5* 11.1 1.46) 0.81U 0.81U 3.92
Chloroethane 5 568 J 13.9) 0.32 UJ 0.32 UJ 0.32 UJ
cis-1,2-Dichloroethene 5 11.1 1.46 0.81U 0.81U 3.92
Methyl tert-butyl ether 10 0.687) 0.16 U 0.16 U 0.16 U 0.16 U
Trichloroethene 5 0.46 U 0.503) 0.46 U 0.46 U 0.46 U
Vinyl Chloride 2 4.77 09U 09U 09U 09U
Notes:

SCG Values = Applicable standards, criteria, and guideline values. Division of Water Technical & Operational Guidance Series (TOGS) 1.1.1 New York State
Ambient Water Quality Standards and Guidance Values and Ground Water Effluent Limitations

- Table 1 and Table 5 - Class GA; June 1998; modified January 1999; modified April 2000; modified June 2004

*Screening level for cis-1,2-Dichloroethene used for total 1,2-Dichloroethene.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the screening level.

ug/L = micrograms per liter

J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample

U = The analyte was analyzed for but was not detected above the reported sample quantitation limit.

UJ = The analyte was not detected above the reported sample quantitation limit. However, the reported quantitation limit is approximate and may or may not represent the actual limit of
quantitation necessary to accurately and precisely measure the analyte in the sample.

VOC = volatile organic compound



Table 2-4. Engineer Estimate of Contaminant Mass In Target Treatment Zone
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

A. Groundwater Concentration Data (see notes 1 through 3)

Contaminant Concentration (ug/L)
Well ID 1,1-DCA Chloroethane 1,1,1-TCA
TW-03S 11,900 4,750 17.6
TW-05S 169 1 136
TW-11S 0.693 1 1
TW-01S 41.8 1 209
TW-13S 1 1 1
TW-06S 3.75 1 2.17
TW-12S 1,010 5.4 516
Average 1,875 680 126
Maximum 11,900 4,750 516

B. Site Data (see notes 4 and 5)

Parameter Value Unit Comment
Top of Treatment Interval 3 ft bgs Depth to groundwater within TTZ
Bottom of Treatment Interval 30 ft bgs Based on TTZ Investigation (CH2M - July 2015)
Aquifer Porosity 0.25 -- Assumed value
Treatment Area 3,400 ft? Based on TTZ Investigation (CH2M - July 2015)
Soil Density 49.9 kg/ft3 Assumed value of 110 Ib per cubic foot
K, of 1,1-DCA 3.02E+01 L/kg ATSDR, 2013
K oc of Chloroethane 1.43E+02 L/kg ATSDR, 1998
K, of 1,1,1-TCA 1.05E+02 L/kg ATSDR, 2006
f oc 0.0028 - Average of TestAmerica 01/28/2015 site analytical data

C. Estimate of COC Mass (see note 6)

Concentration Mass Mass
Total Mass (lb)
in GW (ug/L) in Soil (ug/kg) in GW (g) in Soil (g) in GW (lb) in Soil (Ib)

1,1-DCA

Average 1,875 159 1,218 730 3 2 4

Maximum 11,900 1,011 7,732 4,631 17 10 27

Chloroethane

Average 680 273 442 1,253 1 3 4

Maximum 4,750 1,911 3,086 8,753 7 19 26
1,1,1-TCA

Average 126 37 82 170 0 0 1

Maximum 516 152 335 696 1 2 2

TOTAL
Average - - 1,742 2,152 4 5 9
Maximum - - 11,154 14,080 25 31 56

Notes:

(1) Groundwater concentration data from January and April 2015 sampling events which were performed to delineate the TTZ.
(2) Calculations include the three predominant contaminants of concern: 1,1-DCA, chloroethane, and 1,1,1-TCA. Contribution to total mass from
(3) The laboratory reporting limit was used where the contaminant was not detected.

(4) The delineation of the TTZ is described in detail in the July 2015 Target Treatment Zone Investigation Technical Memorandum.
(5) Ko values taken from the pertinent ToxGuides published by the Agency for Toxic Substances and Disease Registry.

(6) Equilibrium calculations to estimate mass in soil using groundwater data performed as follows:

X (conc. insoil) =K oc *for *C

-- = Not applicable

ug/kg = micrograms per kilogram

ug/L = micrograms per liter

1,1,1-TCA = 1,1,1-trichloroethane

1,1-DCA = 1,1-dichloroethane

ATSDR = Agency for Toxic Substances and Disease Registry

C = concentration in groundwater

COC = contaminant of concern

f oc = fraction of organic carbon

ft bgs = feet below ground surface

ft? = square feet

g =grams

kg/ft* = kilograms per cubic feet

K, = organic carbon water partition coefficient

L/kg = liters per kilogram

Ib = pounds



Table 4-1. Detected Analytes in Groundwater — September 2015
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location MW-06D MW-06S MW-07D MW-07S RW-01 RW-02
SampleID MW-6D-091115 MW-65-091115 MW-7D-091115 MW-75-091115 RW-01-091115 RW-02-091115
Sample Date 9/11/2015 9/11/2015 9/11/2015 9/11/2015 9/11/2015 9/11/2015
Analyte SCG Values

vOoC (ug/L)
1,1,1-Trichloroethane 5 82.0 U** 109 0.82U 0.82U 0.82U 0.82U
1,1-Dichloroethane 5 6310 848 0.380U 0.462) 0.833) 0.380U
1,1-Dichloroethene 5 29.0 U** 50.3 0.290U 0.290U 0.290U 0.290U
1,2-Dichloroethene, Total 5% 81.0 U** 9.10 0.810U 0.810U 0.810U 6.72
Chloroethane 5 912 145 0.320U 0.320U 0.320U 0.320U
cis-1,2-Dichloroethene 5 81.0 U** 9.10 0.810U 0.810U 0.810U 6.72
Methylene Chloride 5 44.0 U** 2.31) 0.440U 0.440U 0.440U 0.440U
Trichloroethene 5 46.0 U** 1.84U 0.460 U 0.460 U 0.460 U 1.62
Vinyl Chloride 2 90.0 U** 3.60 U** 0.900 U 0.900 U 0.900 U 3.93
Notes:

SCG Values = Applicable standards, criteria, and guideline values. Division of Water Technical & Operational Guidance Series (TOGS) 1.1.1 New York State Ambient Water Quality Standards and Guidance Values

and Ground Water Effluent Limitations

-Table 1 and Table 5 - Class GA; June 1998; modified January 1999; modified April 2000; modified June 2004

*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**For MW-06S and MW-06D, the reporting limit of VOC compounds exceeded their respective SCG values due to the elevated 1,1-dichloroethane concentrations detected in these site
monitoring wells; therefore, nondetect results of specific VOC compounds may not be indicative of actual concentrations of these specific VOCs at these locations.

Bold indicates that the analyte was detected.
Grey shading indicates that the result exceeded the screening level.
ug/L = micrograms per liter

J =The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.

U = The analyte was analyzed for but was not detected above the reported sample quantitation limit.
VOC = volatile organic compound



Table 4-2. Monthly Influent and Effluent Vapor Results
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Operational 1,1,1-Trichloroethane 1,1-Dichloroethane 1,1-Dichloroethene 1,2-Dichloroethane 1,2-Dichloroethene (Total) cis-1,2-Dichloroethene Acetone Benzene Chloroethane Ethylbenzene Tetrachloroethene Trichloroethene Vinyl Chloride Total Xylenes
sample ID . Days pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’
AIR-INF-01-031016 18 220 400 430 2.1U 280 280 51) 8 51 2.7) 57 95 57 12.3)
AIR-INF-02-032516 33 160 620 970 1.7U 320 290 30) 9 27 2.0J 110 120 51 8.6
AIR-INF-03-040816 47 30) 870 3,000 13U 1,100 930 170U 35) 18U 12U 1,000 350 130 51)
AIR-INF-01-042216 61 35U 1,700 5,500 23U 1,700 1,700 290U 54) 32U 22) 4,500 830 320 110)
AIR-INF-01-050616 75 10U 1,800 850 6.7U 6,300 5,800 37,000 240 181 110 4,400 1,700 220 810
€ AIR-INF-01-052016 89 16U 120 100 11U 790 720 51,000 60 14U 26) 820 240 52 160
é AIR-INF-01-060316 103 3.3) 120 82 17U 1,300 1,200 3,300 76 22U 20 440 320 150 110
£ AIR-INF-01-061716 117 7.1U 120 68 47U 1,200 1,100 620,000 ) 84 6.3U 28 270 360 81 170
AIR-INF-01-070116 131 28U 110 42 1.8U 540 470 3,200 48 25U 13 110 190 54 61
AIR-INF-01-071916 149 25U 73 34 1.7U 480 430 2,400 44 23U 22 140 190 0.83U 110
AIR-INF-01-072916 159 30U 130 33 20U 440 410 2,100 54 4.1) 17 91 170 59 90
AIR-INF-02-081216 173 25U 120 24 1.7U 480 440 1,900 45 3.0J 12 81 180 55 63
AIR-INF-01-082616 187 33U 42 9.0) 22U 340 310 1,600 27 29U 7.6) 47 110 52 40
AIR-EFF-01-031016 18 16U 1.1U 0.40U 21U 12U 1.2U 41) 093U 16U 0.87U 20U 16U 60 1.1U
AIR-EFF-AS-01-031016 18 16U 1.6J) 0.40U 2.1U 1.2U 1.2U 170 2.0J 16U 6.5 20U 16U 0.66 U 29.5)
AIR-EFF-02-032516 33 25U 14) 24) 1.7U 14U 1.4U 33) 13U 24 14U 16U 21U 28 16U
AIR-EFF-AS-02-032516 33 25U 10U 14U 17U 14U 14U 20U 13U 22U 14U 19) 21U 0.82U 16U
AIR-EFF-03-040816 47 25U 1.0U 1.4U 1.7U 14U 1.4U 20U 13U 6.9) 14U 16U 21U 11 16U
AIR-EFF-AS-03-040816 47 25U 2.3) 14U 17U 7.91 8.1 20U 13U 22U 14U 16U 2.1U 0.82U 16U
AIR-EFF-01-042216 61 25U 1.0U 1.4U 1.7U 14U 1.4U 20U 13U 35 1.4U 4.9) 21U 400 16U
AIR-EFF-AS-01-042216 61 5.3) 1.1) 3.1) 17U 14U 14U 531 13U 22U 14U 24) 2.1U 0.82U 16U
AIR-EFF-01-050616 75 25U 1.0U 1.4U 1.7U 14U 1.4U 140 13U 4.0) 14U 3.9) 21U 170 16U
AIR-EFF-AS-01-050616 75 7.6U 130 26 5.0U 270 260 1,700 11) 6.8U 44U 60 39 29 13)
AIR-EFF-01-052016 89 25U 1.0U 1.4U 1.7U 14U 1.4U 20U 13U 22U 14U 16U 21U 74 16U
+ AIR-EFF-AS-01-052016 89 25U 74 6.9) 17U 230 220 6,400 15 22U 3.2) 25 26 7.9 20)
§ AIR-EFF-01-060316 103 25U 1.0U 1.4U 1.7U 14U 1.4U 28) 13U 4.2) 14U 16U 21U 89 16U
£ AIR-EFF-AS-01-060316 103 25U 10U 14U 17U 14U 14U 250 13U 22U 14U 16U 2.1U 0.82U 16U
w AIR-EFF-01-061716 117 25U 1.0U 1.4U 1.7U 1.4U 1.4U 25) 13U 22U 14U 16U 16 60 16U
AIR-EFF-AS-01-061716 117 25U 10U 2.6) 17U 14U 14U 270 13U 22U 14U 16U 73 0.82U 16U
AIR-EFF-01-070116 131 25U 1.0U 1.4U 1.7U 1.4U 1.4U 20U 13U 22U 14U 16U 21U 150 4.3)
AIR-EFF-AS-01-070116 131 25U 10U 14U 17U 14U 14U 62) 13U 22U 14U 16U 2.1U 0.82U 16U
AIR-EFF-01-071916 149 25U 1.0U 1.4U 1.7U 1.4U 1.4U 59) 13U 22U 14U 16U 21U 77 16U
AIR-EFF-AS-01-071916 149 4.3) 6.5) 14U 17U 18 18 1,300 19) 23U 14U 16U 3.9) 1.2) 16U
AIR-EFF-01-072916 159 25U 1.0U 1.4U 1.7U 1.4U 1.4U 21) 13U 2.6J 1.4U 16U 21U 30 16U
AIR-EFF-AS-01-072916 159 25U 2.1) 14U 17U 5.6) 5.5 1,500 1.4) 22U 14U 16U 2.1U 0.82U 16U
AIR-EFF-02-081216 173 25U 1.0U 1.4U 1.7U 1.4U 1.4U 22) 13U 4.0) 1.4U 16U 21U 55 16U
AIR-EFF-AS-02-081216 173 25U 10U 14U 17U 14U 14U 28) 13U 22U 14U 16U 2.1U 0.82U 16U
AIR-EFF-01-082616 187 25U 1.0U 1.4U 1.7U 1.4U 1.4U 32) 13U 22U 1.4U 16U 21U 19 16U
AIR-EFF-AS-01-082616 187 25U 11 1.4U 1.7U 14) 14 820 2.2) 22U 1.4U 16U 6.8) 2.9) 1.6U
Notes:

Bold indicates that the analyte was detected.

ug/m3 = micrograms per cubic meter

J =The analyte was positively identified; the associated numerical value is the approximate concentration.
U = The analyte was analyzed for, but was not detected above the reported sample detection limit.



Table 4-3. Monthly Influent and Effluent Groundwater Results
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Operational 1,1,1-Trichloroethane 1,1-Dichloroethane 1,1-Dichloroethene 1,2-Dichloroethane  1,2-Dichloroethene (Total) cis-1,2-Dichloroethene  Acetone Benzene Chloroethane Ethylbenzene Tetrachloroethene Trichloroethene  Vinyl Chloride Total Xylene

Sample ID Days ue/L pe/L pe/L pe/L pe/L pe/L ue/L pe/L pe/L pe/L pe/L pe/L ue/L pe/L
GW-INF-01-030416 12 4.10 U) 3.98J 1.45 UJ 1.05 UJ 8.79J 8.79J 1,040 ) 2.05 UJ 1.60 UJ 3.70 UJ 1.80 UJ 2.30 UJ 4.50 U) 3.30 UJ
GW-INF-01-040816 47 1.64U 33.4 24.5 0.420 U 86.9 82.4 158 1.72) 0.640 U 1.48U 9.25 9.99 3.76 1.32U
GW-INF-01-042216 61 8.20U 23.4 6.13) 2.10U 28.3 28.3 197 4.10U 3.20U 7.40 U 4.64) 7.77) 9.00 U 6.60 U
GW-INF-01-050616 75 3.28 UJ 5.06 ) 1.16 UJ 0.840 UJ 10.7) 10.7) 437) 1.64 UJ 1.28 UJ 2.96 UJ 2.34) 1.94) 3.60 UJ 2.64 UJ
+ GW-INF-01-052016 89 8.20U 3.80U 2.90U 2.10U 9.78J 9.78J 2,070 4.10U 3.20U 7.40 U 3.60U 4.60 U 9.00 U 6.60 U
§ GW-INF-01-060316 103 8.20U 3.80U 2.90U 2.10U 8.10U 8.10U 1,010 4.10U 3.20U 7.40U 3.60U 4.60 U 9.00U 6.60 U
£ GW-INF-01-061716 117 3.28U 1.52U 1.16 U 0.840 U 3.24U 3.24U 191 1.64 U 1.28U 2.96 U 1.44 U 1.84 U 3.60U 2.64U
=  GW-INF-01-070116 131 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 128 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-INF-01-071516 145 0.820 U 0.380 U 0.290 U 0.210 U 1.82) 1.82 452 0.410 U 0.320U 0.740 U 0.360 U 0.558) 0.900 U 0.660 U
GW-INF-01-072916 159 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 136 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-INF-01-081216 173 8.20U 3.80U 2.90U 2.10U 8.10U 8.10U 147 4.10U 3.20U 7.40 U 3.60U 4.60U 9.00U 6.60 U
GW-INF-01-082616 187 3.28U 1.52U 1.16 U 0.840 U 3.24U 3.24U 134 1.64 U 1.28 U 2.96 U 1.44 U 1.84 U 3.60U 2.64U
GW-EFF-01-030416 12 0.820 U 0.380 U 0.290 U 0.210 U 0.900 U 0.810 U 3.83J 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-040816 47 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 4.87) 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-042216 61 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 13.2 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-050616 75 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 203 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
+~ GW-EFF-01-052016 89 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 17.3 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
§ GW-EFF-01-060316 103 0.820 U 0.380 U 0.290 UJ 0.210 U 0.810 U 0.810 U 13.9 0.410 U 0.320 UJ 0.740 U 0.360 U 0.460 U 0.900 UJ 0.660 U
£ GW-EFF-01-061716 117 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 35.2 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
™ GW-EFF-01-070116 131 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 47.4 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-071516 145 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 44.6 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-072916 159 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 32.1 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-081216 173 0.820 U 0.380 U 0.290 U 0.210 U 0.810 U 0.810 U 23.1 0.410 U 0.320U 0.740 U 0.360 U 0.460 U 0.900 U 0.660 U
GW-EFF-01-082616 187 1.64 U 0.760 U 0.580 U 0.420 U 1.62U 1.62U 42.5 0.820 U 0.640 U 1.48 U 0.720 U 0.920 U 1.80 U 1.32U
Notes:

Bold indicates that the analyte was detected.

ug/L = micrograms per liter

J = The analyte was positively identified; the associated numerical value is the approximate concentration.

U = The analyte was analyzed for, but was not detected above the reported sample detection limit.

UJ = The analyte was analyzed for, but was not detected above the reported sample detection limit (estimated).



Table 4-4. ISTT System Performance Sampling Results —June 2016

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: Location ID: SB-03 SB-01 SB-01 SB-01 SB-02 SB-02 SB-02
Sample Date: Sample Date: 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016
Media: Groundwater Soil Soil Soil Soil Soil Soil
Sample Depth: Sample Depth: 0-18ft 16 - 20 ft 20-24 ft 24 - 28 ft 4-8ft 12 - 16 ft 20 - 24 ft
Sample ID: Sample ID:  SB03-GW0018-060116 SB01-SL1620-060116 SBO1-SL2024-060116 SB01-5L2428-060116 SB02-SL0408-060116 SB02-SL1216-060116 SB02-5L2024-060116
Result Units: Result Units: ug/L ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg
Soil
Groundwater Unrestricted Use
Analyte SCG Values Units SCG Values Units
1,1,1-Trichloroethane 1 pg/L 680 ug/kg 16.4U 0.237U 0.233 U 0.245U 0.291 U 0.305U 0.245U
1,1-Dichloroethane 5 pg/L 270 pg/kg 7.60 U 3.27 0.391U 2.69) 0.489 U 0.513U 0.411U
1,1-Dichloroethene 5 pg/L 330 ug/kg 5.80 U 10.2 0.392U 1.69) 0.491 U 0.515U 0.413 U
1,2-Dichloroethane 0.6 pg/L 20 pg/kg 420U 0.164 U 0.161 U 0.169 U 0.201 U 0.211 U 0.169 U
1,2-Dichloroethene (Total) 5% ug/L 250 ug/kg 16.2U 1.71U 1.68U 1.77 U 2.10U 2.20U 1.77 U
Acetone** 50 pe/L 500 pe/kg 74.1) 29.3U 33.4U 30.8U 47.0U 68.6 32.2U
Benzene 1 pg/L 60 ug/kg 8.20U 0.160 U 0.157 U 0.165U 0.196 U 0.206 U 0.165U
Chloroethane 5 pg/L 700 pg/kg 6.40 U 0.736 U 0.724 U 0.762 U 0.906 U 0.950 U 0.762 U
cis-1,2-Dichloroethene 5 ug/L 250 ug/kg 16.2U 0.468) 0.410U 0.431U 0.513 U 0.538 U 0.431U
Ethylbenzene 5 pg/L 1,000 ug/ke 14.8U 0.225U 0.221U 0.232U 0.277 U 0.290 U 0.233U
Tetrachloroethene 5 ug/L 1,300 ug/kg 7.20U 0.437 U 0.430U 0.452 U 0.538 U 0.564 U 0.452 U
Trichloroethene 5 pg/L 470 pg/kg 9.20U 0.717 U 0.705 U 0.741U 0.882 U 0.925U 0.742U
Vinyl Chloride 2 ug/L 20 ug/kg 18.0U 16.8 0.745) 0.411U 0.489 U 0.513 U 0.411U
Xylenes, Total 5 ug/L 260 pg/kg 132U 0.547 U 0.538 U 0.566 U 0.674 U 0.706 U 0.566 U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and

- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;

modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup Program -
Unrestricted Use Soil Cleanup Objective values divided by 10. See Table 11-1 of
September 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.
**Acetone generation is a temporary byproduct of thermal treatment and
exceedances of the acetone SCG were not a driver for continued operation of the
ISTT system.
Bold indicates that the analyte was detected.
Grey shading indicates that the result exceeded the groundwater screening level.

Brown shading indicates that the result exceeded the soil screening level;
however, there were no soil exceedances during the June 2016 sampling event.
ug/kg = micrograms per kilogram

ug/L = micrograms per liter

ft = feet

ISTT = in situ thermal treatment

J = The analyte was positively identified;

the associated numerical value is the

U = The analyte was analyzed for but was

not detected above the reported sample

SCG = applicable standards, criteria, and

Page 1 of 2



Table 4-4. ISTT System Performance Sampling Results —June 2016

Final Engineer Report

Former Dowell Depew Facility, Depew, New York

Location ID: Location ID: SB-03 SB-03 SB-03 SB-03 SB-04 SB-04 SB-04
Sample Date: Sample Date: 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016 6/1/2016
Media: Media: Soil Soil Soil Soil Soil Soil Soil
Sample Depth: Sample Depth: 12 - 16 ft 16 - 20 ft 20-24 ft 24 - 28 ft 16 - 20 ft 20-24 ft 24 - 28 ft
Sample ID: Sample ID:  SB03-SL1216-060116 SB03-SL1620-060116 SB03-SL2024-060116 SB03-5L2428-060116 SB04-SL1620-060116 SB04-SL2024-060116 SB04-SL2428-060116
Result Units: Result Units: ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg
Soil
Groundwater Unrestricted Use
Analyte SCG Values Units SCG Values Units
1,1,1-Trichloroethane 1 pg/L 680 ug/kg 0.266 U 0.243 U 0.254 U 0.251 U 0.253 U 0.246 U 0.259 U
1,1-Dichloroethane 5 pg/L 270 pg/kg 0.446 U 0.409 U 0.426 U 0.422 U 6.86 9.54 20.6
1,1-Dichloroethene 5 pg/L 330 ug/kg 0.448 U 0.410U 0.428 U 0.423 U 0.426 U 0.415U 0.437U
1,2-Dichloroethane 0.6 ug/L 20 ug/kg 0.184 U 0.168 U 0.175U 0.174 U 0.175U 0.170U 0.179 U
1,2-Dichloroethene (Total) 5% ug/L 250 ug/kg 192U 1.76 U 1.83U 1.81U 1.82U 1.78 U 1.87U
Acetone** 50 pg/L 500 pe/kg 369 28.7U 25.7U 335U 293U 14.8U 12.1U
Benzene 1 ug/L 60 ug/kg 0.350)J 0.164 U 0.171U 0.169U 0.171U 0.166 U 0.175U
Chloroethane 5 pe/L 700 pe/kg 0.827 U 0.758 U 0.790 U 0.781 U 0.787 U 0.766 U 0.807 U
cis-1,2-Dichloroethene 5 ug/L 250 ug/kg 0.900)J 0.429U 0.447 U 0.442 U 0.977) 0.434 U 0.457 U
Ethylbenzene 5 pe/L 1,000 pg/kg 0.253 U 0.231U 0.241U 0.239U 0.240U 0.234U 0.246 U
Tetrachloroethene 5 pg/L 1,300 ug/kg 135 0.450 U 0.469 U 0.464 U 0.467 U 0.455U 0.479 U
Trichloroethene 5 pg/L 470 pg/kg 9.43 0.737U 0.769 U 0.760 U 0.766 U 0.746 U 0.785 U
Vinyl Chloride 2 pg/L 20 ug/kg 1.53) 0.409 U 0.426 U 0.422 U 1.11) 2.21) 3.76
Xylenes, Total 5 pe/L 260 pe/kg 0.669 J 0.563 U 0.587 U 0.581 U 0.585 U 0.569 U 0.600 U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and

- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;

modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup Program -
Unrestricted Use Soil Cleanup Objective values divided by 10. See Table 11-1 of
September 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.
**Acetone generation is a temporary byproduct of thermal treatment and
exceedances of the acetone SCG were not a driver for continued operation of the
ISTT system.
Bold indicates that the analyte was detected.
Grey shading indicates that the result exceeded the groundwater screening level.

Brown shading indicates that the result exceeded the soil screening level;
however, there were no soil exceedances during the June 2016 sampling event.
ug/kg = micrograms per kilogram

ug/L = micrograms per liter

ft = feet

ISTT = in situ thermal treatment

J = The analyte was positively identified;

the associated numerical value is the

U = The analyte was analyzed for but was

not detected above the reported sample

SCG = applicable standards, criteria, and

Page 2 of 2



Table 4-5. ISTT System Performance Sampling Results — August 2016

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: SB-01 SB-02 SB-03 SB-03 SB-04 SB-05 SB-01
Sample Date: 8/19/2016 8/18/2016 8/19/2016 8/17/2016 8/19/2016 8/19/2016 8/17/2016
Media: Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Soil
Sample Depth: 23 ft 18.7 ft 13 ft 26.5 ft 17.75 ft 23.75 ft 15 ft
Sample ID: SB01-GW23-081916 SB02-GW18.70-081816 SB03-GW13-081916 SB-03-GW26.5-081716 SB04-GW17.75-081916 SB05-GW23.75-081916 SB01-SL15-081716
Result Units: i ug/L Hg/L Hg/L Hg/L ug/L Hg/L Hg/kg
Groundwater Unrestricted Use
Analyte SCG Values Units SCG Values Units
1,1,1-Trichloroethane 1 pe/L 680 pe/kg 0.820U 0.820U 3.28 U 0.820 UJ 3.28U 0.820 U 0.230U
1,1-Dichloroethane 5 pg/L 270 ug/kg 0.380U 0.380U 26.4 76.7) 152U 0.380U 0.901)
1,1-Dichloroethene 5 pg/L 330 pg/kg 0.290 U 0.290 U 1.16 U 26.8) 1.16 U 0.290 U 0.565J
1,2-Dichloroethane 0.6 ug/L 20 ug/kg 0.210U 0.210U 0.840 U 0.210U 0.840U 0.210U 0.159 U
1,2-Dichloroethene (Total) 5* pg/L 250 pg/kg 0.810U 1.58) 5.74) 15.2 3.24U 0.810U 1.66 U
Acetone** 50 pg/L 500 ug/kg 344 163 55.2 217) 55.9 530) 44.6 U
Benzene 1 ug/L 60 ug/keg 0.455 ) 0.5731 1.64U 0.872) 1.64U 0.558 ) 0.203J
Chloroethane 5 pg/L 700 ug/kg 0.320U 0.320U 1.28 U 0.320 UJ 1.28U 0.320U 0.716 U
cis-1,2-Dichloroethene 5 pg/L 250 pg/kg 0.810U 1.58 5.74 15.2) 3.24U 0.810U 0.434)
Ethylbenzene 5 pg/L 1,000 ug/kg 0.740U 0.740 U 2.96 U 0.740 U 2.96 U 0.740 U 0.218 U
Tetrachloroethene 5 pe/L 1,300 pe/kg 0.360 U 0.360 U 1.44 U 0.360 UJ 1.44U 0.360 U 0.425U
Trichloroethene 5 ug/L 470 ug/kg 0.460 U 0.460 U 4.59 5.891) 1.84U 0.460 U 0.697 U
Vinyl Chloride 2 pg/L 20 pg/kg 0.900 U 0.900 U 3.62) 7.96) 3.60U 0.900 U 2.36J
Xylenes, Total 5 ug/L 260 ug/kg 0.660 U 0.660 U 2.64U 0.973) 2.64U 3.98 0.532U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;
modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup Program -
Unrestricted Use Soil Cleanup Objective values divided by 10. See Table 11-1 of

Sentember 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**Acetone generation is a temporary byproduct of thermal treatment and exceedances
of the acetone SCG were not a driver for continued operation of the ISTT system.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the groundwater screening level.
Brown shading indicates that the result exceeded the soil screening level.
ug/kg = micrograms per kilogram

ug/L = micrograms per liter

ft = feet

ISTT = in situ thermal treatment

J =The analyte was positively identified;

the associated numerical value is the

U = The analyte was analyzed for but was

not detected above the reported sample

UJ = The analyte was not detected above

the reported sample quantitation limit.

SCG = standards, criteria, and guidelines

Page 1 of 3



Table 4-5. ISTT System Performance Sampling Results — August 2016

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: SB-01 SB-02 SB-02 SB-03 SB-03 SB-04 SB-04 SB-05 SB-05
Sample Date: 8/17/2016 8/17/2016 8/17/2016 8/17/2016 8/17/2016 8/17/2016 8/17/2016 8/18/2016 8/18/2016
Media: Soil Soil Soil Soil Soil Soil Soil Soil Soil
Sample Depth: 24.5 ft 12 ft 20 ft 14.5 ft 25 ft 12 ft 17.8 ft 15 ft 25 ft
Sample ID: SB01-SL24.5-081716 SB02-SL12-081716 SB02-SL20-081716 SB03-SL14.5-081716 SB03-SL25-081716 SB04-SL12-081716 SB04-SL17.8-081716 SBO05-SL15-081816 SB05-SL25-081816
Result Units: png/keg ug/kg png/kg png/keg ug/kg ng/keg ng/keg ug/kg ng/kg
Groundwater
Analyte SCG Values Units
1,1,1-Trichloroethane 1 pe/L 0.251 U 0.283 U 0.260 U 0.286 U 0.295 U 0.376 U 0.250 U 0.300 UJ 0.255 U
1,1-Dichloroethane 5 ug/L 0.422 U 0.476 U 0.437 U 10.5 0.771) 0.631U 0.421 U 0.504 UJ 0.428 U
1,1-Dichloroethene 5 pe/L 0.423 U 0.478 U 0.438 U 13.0 0.497 U 0.633 U 0.422 U 0.506 UJ 0.430U
1,2-Dichloroethane 0.6 ug/L 0.174 U 0.196 U 0.180 U 0.198 U 0.204 U 0.260 U 0.173 U 0.207 UJ 0.176 U
1,2-Dichloroethene (Total) 5% pg/L 1.81U 2.04U 1.87U 11.1 2.13U 2.71U 1.81U 2.17 UJ 1.84U
Acetone** 50 ug/L 25.0U 80.0 46.0U 89.0 31.7U 46.5U 80.8 172) 69.9
Benzene 1 pe/L 0.169 U 0.272) 0.175U 0.455) 0.199 U 0.697 ) 0.169 U 0.202 UJ 0.623 )
Chloroethane 5 ug/L 0.782U 0.882U 0.809 U 0.891U 0.918 U 1.17U 0.779 U 0.934 UJ 0.793 U
cis-1,2-Dichloroethene 5 pe/L 0.443 U 0.499 U 0.458 U 10.6 0.520U 0.662 U 0.441 U 0.529 UJ 0.449 U
Ethylbenzene 5 ug/L 0.239U 0.269U 0.247 U 0.272 U 0.280U 0.357U 0.238 U 0.285 UJ 0.242 U
Tetrachloroethene 5 peg/L 0.464 U 0.524 U 0.480 U 0.529 U 0.545U 0.694 U 0.463 U 0.555 UJ 0.471U
Trichloroethene 5 ug/L 0.761 U 0.858 U 0.787 U 1.58J 0.894 U 1.14U 0.759 U 0.909 UJ 0.772 U
Vinyl Chloride 2 pg/L 0.422 U 0.476 U 0.437U 25.4 0.982) 0.631U 0.421U 0.504 UJ 0.428 U
Xylenes, Total 5 pg/L 0.581U 0.655U 0.601 U 0.662 U 0.683 U 0.869 U 0.579 U 0.694 UJ 0.590 U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;
modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup Program -
Unrestricted Use Soil Cleanup Objective values divided by 10. See Table 11-1 of

Sentember 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**Acetone generation is a temporary byproduct of thermal treatment and exceedances
of the acetone SCG were not a driver for continued operation of the ISTT system.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the groundwater screening level.
Brown shading indicates that the result exceeded the soil screening level.
ug/kg = micrograms per kilogram

pg/L = micrograms per liter

ft = feet

ISTT = in situ thermal treatment

J =The analyte was positively identified;

the associated numerical value is the

U = The analyte was analyzed for but was

not detected above the reported sample

UJ = The analyte was not detected above

the reported sample quantitation limit.

SCG = standards, criteria, and guidelines

Page 2 of 3



Table 4-5. ISTT System Performance Sampling Results — August 2016

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: SB-06 SB-06 SB-07 SB-07 SB-08 SB-08 SB-09 SB-09
Sample Date: 8/18/2016 8/19/2016 8/18/2016 8/18/2016 8/18/2016 8/18/2016 8/19/2016 8/19/2016
Media: Soil Soil Soil Soil Soil Soil Soil Soil
Sample Depth: 15 ft 25 ft 15 ft 25 ft 12 ft 20 ft 12 ft 25 ft
Sample ID: SB06-SL15-081816 SB06-SL25-081916 SB07-SL15-081816 SB07-SL25-081816 SB08-SL12-081816 SB08-SL20-081816 SB09-SL12-081916 SB09-SL25-081916
Result Units: ug/kg png/kg ug/kg png/kg ug/kg png/kg ug/kg png/kg
Groundwater
Analyte SCG Values Units
1,1,1-Trichloroethane 1 pe/L 0.324U 0.238 U 0.313 U 0.264 U 0.308 U 0.232 U 0.312U 0.248 U
1,1-Dichloroethane 5 ug/L 0.544 U 0.400 U 0.526 U 0.443 U 0.518 U 0.390 U 0.524 U 0.417U
1,1-Dichloroethene 5 pg/L 0.546 U 0.401 U 0.527U 0.445U 0.519U 0.391U 0.525U 0.418 U
1,2-Dichloroethane 0.6 ug/L 0.224 U 0.164 U 0.216 U 0.182 U 0.213 U 0.161 U 0.216 U 0.172 U
1,2-Dichloroethene (Total) 5% pe/L 2.34U 1.72 U 2.26 U 190U 222U 1.68U 2.25U 1.79U
Acetone** 50 ug/L 136 57.8 21.9 49.7 29.4U 8.52) 78.0 19.7
Benzene 1 pg/L 0.218 U 0.368)J 0.211U 0.213) 0.208 U 0.157 U 0.210U 0.167 U
Chloroethane 5 ug/L 1.01U 0.740 U 0.974 U 0.821 U 0.959 U 0.723 U 0.970 U 0.772 U
cis-1,2-Dichloroethene 5 pe/L 0.571U 0.419U 0.552 U 0.465 U 0.543 U 0.409 U 0.549 U 0.437 U
Ethylbenzene 5 ug/L 0.308 U 0.226 U 0.297 U 0.251 U 0.293 U 0.221 U 0.296 U 0.236 U
Tetrachloroethene 5 pg/L 0.598 U 0.439U 0.578 U 0.488 U 0.570U 0.429U 0.576 U 0.459U
Trichloroethene 5 ug/L 0.981U 0.720U 0.948 U 0.800 U 0.934 U 0.703 U 0.944 U 0.752U
Vinyl Chloride 2 pg/L 0.544 U 0.400U 0.526 U 0.443U 0.518 U 0.390U 0.524 U 0.417 U
Xylenes, Total 5 pg/L 0.749 U 0.550U 0.724 U 0.611U 0.713 U 0.537U 0.721 U 0.574 U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;
modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup Program -
Unrestricted Use Soil Cleanup Objective values divided by 10. See Table 11-1 of

Sentember 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**Acetone generation is a temporary byproduct of thermal treatment and exceedances
of the acetone SCG were not a driver for continued operation of the ISTT system.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the groundwater screening level.
Brown shading indicates that the result exceeded the soil screening level.
ug/kg = micrograms per kilogram

pg/L = micrograms per liter

ft = feet

ISTT = in situ thermal treatment

J =The analyte was positively identified;

the associated numerical value is the

U = The analyte was analyzed for but was

not detected above the reported sample

UJ = The analyte was not detected above

the reported sample quantitation limit.

SCG = standards, criteria, and guidelines
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Table 4-6. Extended ISTT System Treatment Results

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: X-A3 X-A3 X-A3 X-A3 X-A3 X-A3 X-A3 X-A3 X-A3
Sample Date: 9/7/2016 9/9/2016 9/14/2016 9/16/2016 9/20/2016 9/23/2016 9/27/2016 9/30/2016 10/3/2016
Media: Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater
Sample ID:  X-A3-WELL-01-090716  X-A3-WELL-01 090916  X-A3-WELL-01-091416 X-A3-WELL-01-091616 X-A3-WELL-01-092016 X-A3-WELL-01-092316  X-A3-WELL-01-092716 X-A3-WELL-9-093016 X-A3-WELL-01-100316
Result Units: ug/L ue/L ue/L ue/L pe/L pe/L ue/L ug/L ug/L
Groundwater
Analyte SCG Values Units

1,1,1-Trichloroethane 1 ug/L 3.28U 328U 1.64U 1.64U 1.64U 1.64 UJ 3.28 UJ 1.64U 3.28U
1,1-Dichloroethane 5 ug/L 1.52U 2.76) 4.37 4.07 3.65 4.64) 4.92) 4.88 5.08
1,1-Dichloroethene 5 ug/L 1.16 U 1.16U 0.580 U 0.580 U 0.580 U 0.580 UJ 1.16 UJ 0.580 U 1.16 UJ
1,2-Dichloroethane 0.6 ug/L 0.840 U 0.840U 0.420U 0.420U 0.420U 0.420 UJ 0.840 UJ 0.420U 0.840 U
1,2-Dichloroethene (Total) 5% ug/L 3.24U 3.24U 2.47) 2.75) 3.85) 3.54) 3.55) 3.64) 3.42)
Acetone** 50 pg/L 62.6 375 1751) 1331 95.5 40.9) 44.7) 83.8) 48.2
Benzene 1 ug/L 1.64U 1.64U 0.820U 0.820U 0.820U 0.820 UJ 1.64 UJ 0.820U 1.64U
Chloroethane 5 pg/L 1.28U 1.28U 0.640 U 0.640 U 0.640 U 0.640 UJ 1.28 UJ 0.640 U 1.28U
cis-1,2-Dichloroethene 5 pg/L 3.24U 324U 2.47 2.75 3.85 3.54) 3.55) 3.64 3.42)
Ethylbenzene 5 ug/L 2.96 U 296U 1.48U 1.48U 1.48U 1.48 UJ 2.96 UJ 148U 2.96 U
Tetrachloroethene 5 ug/L 1.44U 1.44 U 0.720U 0.720U 0.720U 0.720 UJ 1.44U) 0.720U 144U
Trichloroethene 5 ug/L 1.84U 1.84U 0.958) 1.67) 1.89) 1.72) 2.26) 2.20 2.54)
Vinyl Chloride 2 ug/L 3.60U 3.60U 2.80 1.90J) 5.58 4.34) 3.60 UJ 3.95 4.61
Xylenes, Total 5 ug/L 2.64 U 2.64 U 132U 132U 132U 1.32 UJ 2.64 U) 132U 2.64 U
Notes:

SCG Values = Applicable standards, criteria, and guideline values. Division of
Water Technical & Operational Guidance Series (TOGS) 1.1.1 New York State
Ambient Water Quality Standards and Guidance Values and Ground Water

Effluent Limitations
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;

modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup
Program - Unrestricted Use Soil Cleanup Objective values divided by 10. See

Table 11-1 of September 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**Acetone generation is a temporary byproduct of thermal treatment and
exceedances of the acetone SCG were not a driver for continued operation of the
ISTT system.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the groundwater screening level
ug/L = micrograms per liter

p.g/m3 = micrograms per cubic meter

ISTT = in situ thermal treatment

J =The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

U = The analyte was analyzed for but was not detected above the reported
sample quantitation limit.

UJ = The analyte was not detected above the reported sample quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely

measure the analvte in the samnle.
SCG = applicable standards, criteria, and guidelines

Page 1 of 2



Table 4-6. Extended ISTT System Treatment Results

Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: X-A3 X-A3 X-A3 X-A3 X-A3 X-A3 X-A3 X-A3
Sample Date: 9/12/2016 9/16/2016 9/20/2016 9/23/2016 9/27/2016 9/30/2016 10/5/2016 10/7/2016
Media: Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas
Sample ID:  AIR-X-A3-WELL-01-091216  AIR-X-A3-WELL-01-091616  AIR-X-A3-WELL-01-092016  AIR-X-A3-WELL-01-092316  AIR-X-A3-WELL-01-092716  AIR-X-A3-WELL-01-093016  AIR-X-A3-WELL-01-100516  AIR-X-A3-01-100716
Result Units: pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’
Groundwater
Analyte SCG Values Units

1,1,1-Trichloroethane 1 ug/L 25U 25U 25U 25U 25U 25U 3.1) 25U
1,1-Dichloroethane 5 ug/L 13 10U 200 13 24 15 97 41
1,1-Dichloroethene 5 ug/L 3.0J 14U 17 14U 5.1J) 2.0J) 16 5.0J
1,2-Dichloroethane 0.6 ug/L 1.7U 1.7U 1.7V 1.7U 17U 1.7U 1.7V 1.7U
1,2-Dichloroethene (Total) 5% ug/L 8.7) 1.4U 160 10) 16 9.1J) 96 64
Acetone** 50 ug/L 240 71) 920 110J 78] 871) 4000 6600
Benzene 1 ug/L 4.6) 13U 17 2.0J 29 1.8) 60 28
Chloroethane 5 ug/L 22U 22U 14 22U 22U 22U 4.0) 22U
cis-1,2-Dichloroethene 5 ug/L 8.6 14U 150 10 14 9.3 83 55
Ethylbenzene 5 ug/L 3.1) 14U 11 14U 2.7) 1.8) 26 14
Tetrachloroethene 5 ug/L 16U 16U 3.6J 16U 1100 16U 36 35
Trichloroethene 5 ug/L 16 2.1U 130 10J 30 16 110 73
Vinyl Chloride 2 ug/L 6.8 0.82U 330 17 38 17 90 37
Xylenes, Total 5 ug/L 11) 16U 20) 16U 4.3) 3.3) 120 64
Notes:

SCG Values = Applicable standards, criteria, and guideline values. Division of
Water Technical & Operational Guidance Series (TOGS) 1.1.1 New York State
Ambient Water Quality Standards and Guidance Values and Ground Water

Effluent Limitations
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;

modified April 2000; modified June 2004
Performance Standards in Soil are the New York State Brownfield Cleanup
Program - Unrestricted Use Soil Cleanup Objective values divided by 10. See

Table 11-1 of September 2006 publication.
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.

**Acetone generation is a temporary byproduct of thermal treatment and
exceedances of the acetone SCG were not a driver for continued operation of the
ISTT system.

Bold indicates that the analyte was detected.

Grey shading indicates that the result exceeded the groundwater screening level
ug/L = micrograms per liter

p.g/m3 = micrograms per cubic meter

ISTT = in situ thermal treatment

J =The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

U = The analyte was analyzed for but was not detected above the reported
sample quantitation limit.

UJ = The analyte was not detected above the reported sample quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely

measure the analvte in the samnle.
SCG = applicable standards, criteria, and guidelines

Page 2 of 2



Table 4-7. ISTT System Performance Sampling Results — October 2016

Final Engineer Report

Former Dowell Depew Facility, Depew, New York

Location ID: X-A3 SB-10 SB-11
Sample Date: 10/6/2016 10/6/2016 10/6/2016
Media: Groundwater Soil Soil
Sample Depth: - 14.5 ft 14.5 ft
Sample ID:  XA3-GW01-100616 SB10-SL14.5-100616 SB11-SL14.5-100616
Result Units: ug/L ug/kg ug/kg
Soil
Groundwater Unrestricted Use

Analyte SCG Values Units SCG Values Units
1,1,1-Trichloroethane 1 ug/L 680 ug/kg 1.64U 0.277 U 0.292U
1,1-Dichloroethane 5 ug/L 270 ug/kg 3.85 8.88 4.61
1,1-Dichloroethene 5 ug/L 330 ug/kg 0.580 UJ 24.8 102
1,2-Dichloroethane 0.6 ug/L 20 ug/kg 0.420U 0.192 U 0.202U
1,2-Dichloroethene (Total) 5* ug/L 250 ug/kg 2.48) 9.92 17.4
Acetone** 50 ug/L 500 ug/kg 177) 42.7 U 769U
Benzene 1 ug/L 60 ug/kg 0.820U 0.432) 0.608 )
Chloroethane 5 ug/L 700 ug/kg 0.640 U 0.863 U 0.910U
cis-1,2-Dichloroethene 5 ug/L 250 ug/kg 2.48 9.12 15.6
Ethylbenzene 5 ug/L 1,000 pg/kg 148U 0.264 U 0.278 U
Tetrachloroethene 5 ug/L 1,300 ug/kg 0.720U 0.513U 0.627)
Trichloroethene 5 ug/L 470 ug/kg 1.57) 4.66 11.6
Vinyl Chloride 2 pg/L 20 ug/kg 5.10 15.8 15.4
Xylenes, Total 5 ug/L 260 ug/kg 1.32U 0.642 U 0.677U
Notes:

SCG Values = Applicable standards,
Ambient Water Quality Standards and
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;
modified April 2000; modified June 2004
Performance Standards in Soil are the
*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.
**Acetone generation is a temporary byproduct of thermal treatment and exceedances of the acetone SCG were not a driver for continued operation of the ISTT system.
Bold indicates that the analyte was detected.
Grey shading indicates that the result exceeded the groundwater screening level.
Brown shading indicates that the result exceeded the soil screening level; however, there were no soil exceedances during the June 2016 sampling event.
-- = information not available
ug/L = micrograms per liter
ug/kg = micrograms per kilogram
ft = feet
ISTT = in situ thermal treatment
J =The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for but was not detected above the reported sample quantitation limit.
SCG = standards, criteria, and guidelines



Table 5-1. Post-Remedy Sampling Results

Final Engineer Report

Former Dowell Depew Facility, Depew, New York

Location ID: RW-02 X-A-1 X-C-3 X-A-3
Sample Date: 12/3/2016 12/3/2016 12/3/2016 2/1/2017 12/3/2016 2/1/2017
Media: Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater
Sample Depth (ft btoc): 13 27 27 27 27 27
Sample ID: RW-02-120316 X-A-1-120316 X-C-3-120316 X-C-3-01-020117 X-A-3-120316 X-A-3-01-020117
Result Units: ue/L ug/L ue/L ug/L ue/L ue/L
Groundwater
Analyte SCG Values Units

1,1,1-Trichloroethane 1 ug/L 0.820U 0.820U 0.820U 0.820U 0.820U 0.820U
1,1-Dichloroethane 5 ug/L 0.380U 0.380 U 0.380U 0.756J) 3.76 2.74
1,1-Dichloroethene 5 ug/L 0.290 U 0.290 U 0.290 U 0.290 U 0.290U 0.290U
1,2-Dichloroethane 0.6 ug/L 0.210U 0.210U 0.210U 0.210U 0.210U 0.210U
1,2-Dichloroethene (Total) 5% ug/L 0.810U 2.34 1.30) 1.871) 5.09 5.51
Acetone** 50 ug/L 3.00U 67.1 4.46) 3.90) 3.00U 3.00U
Benzene 1 ug/L 0.410U 0.410U 0.410U 0.410U 0.410U 0.410U
Chloroethane 5 ug/L 0.320U 0.320U 0.320U 0.320U 0.320U 0.320U
cis-1,2-Dichloroethene 5 ug/L 0.810U 2.34 1.30 1.87 5.09 5.51
Ethylbenzene 5 ug/L 0.740 U 0.740 U 0.740U 0.740U 0.740U 0.740U
Tetrachloroethene 5 ug/L 0.360 U 0.360 U 0.360 U 0.360 U 0.360 U 0.360 U
Trichloroethene 5 ug/L 0.460 U 0.460 U 0.460 U 0.460 U 1.41 0.845)
Vinyl Chloride 2 ug/L 0.900 U 0.900 U 2.35) 4.83 24.5) 17.5
Xylenes, Total 5 ug/L 0.660 U 0.660 U 0.660 U 0.660 U 0.660 U 0.660 U
Notes:

SCG Values = Applicable standards, criteria, and guideline values. Division of Water Technical & Operational Guidance Series (TOGS) 1.1.1 New York State
Ambient Water Quality Standards and Guidance Values and Ground Water Effluent Limitations
- Table 1 and Table 5 - Class GA; June 1998; modified January 1999;

modified April 2000; modified June 2004

*Screening level for cis-1,2-dichloroethene used for total 1,2-dichloroethene.
**Acetone generation is a temporary byproduct of thermal treatment and exceedances of the acetone SCG were not a driver for continued operation of the ISTT system.

Bold indicates that the analyte was detected.
Grey shading indicates that the result exceeded the groundwater screening level.

ft btoc = feet below top of casing

J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.

ug/L = micrograms per liter

U = The analyte was analyzed for but was not detected above the reported sample quantitation limit.



Table 5-2. Post-Remedy Groundwater Quality
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

Location ID: X-A-1 X-A-1 X-C-3 X-C-3
Sample Date: 2/1/2017 2/1/2017 2/1/2017 2/1/2017
Media: Groundwater Groundwater Groundwater Groundwater
Sample Depth (ft btoc): 27 10 28 14

Water Quality Parameter Units
Temperature °C 42.62 26.69 46.11 35.79
Conductivity mS/cm® 0.854 0.190 0.950 0.928
Conductivity ms/cm 1.138 0.844 1.332 1.119
Dissolved Oxygen % 2.9 0.0 4.8 9.9
Dissolved Oxygen mg/L 0.17 0.00 0.29 0.70
pH Su 6.96 7.03 7.69 7.88
ORP mvV -192.5 -164.3 -79.1 -122.5

Notes:

1. Parameters measured using a YSI water quality meter on February 1, 2017
2. Sample depths are approximate

% = percent

°C = degrees Celsius

ft btoc = feet below top of casing

mg/L = milligrams per liter

ms/cm = milliSiemens per centimeter

mS/cm°® = milliSiemens per centimeter (corrected)
mV = millivolts

ORP = oxidation reduction potential

SU = standard units
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11
Location MW-06D
Sample Depth (ft bgs) 20-30 Location RW-01
Sample Date 6/10/2014 Sample Depth (ft bgs) 6-16
Analyte Results (ug/L) Sample Date 6/10/2014
1,1,1-Trichloroethane 158) Analyte Results (ug/L)
1,1-Dichloroethane 11,800 N A\’E 1,1,1-Trichloroethane 0.82U
1,1-Dichloroethene 25.7 \NN—DE 1,1-Dichloroethane 0.715)
1,2-Dichloroethane 2.72 1,1-Dichloroethene 0.29 U MW-02
1,2-Dichloroethene, Total 11.1 I 1,2-Dichloroethane 021U
Chloroethane 568 1,2-Dichloroethene, Total 3.92 PZ-09S
cis-1,2-Dichloroethene 11.1 MW-04 C.hloroe"hane 0.32U)
Vinyl Chloride 477 cis-1,2-Dichloroethene 3.92
PZ-08S AS  |Vinyl chioride 09U
Location MW-07S MW-06D PZ-07D Fo!n:e!-r Bulk
Sample Depth (ft bgs) 95-19.5 MW-065 & % rw-01 PZ-07S A A Cement Plant
Sample Date 6/10/2014 g Former Acid
Analyte Results (ug/L) 5 MW-078 Former Chemical Plant Former.
1,1,1-Trichloroethane 0.82U Former % MW-07D Storage HCL Tank
1,1-Dichloroethane 038U Office Former “
1,1-Dichloroethene 029U Maintenance
1,2-Dichloroethane 021U Shop, I APZ-05D
1,2-Dichloroethene, Total 081U D PZ-055 A
Chloroethane 0.32U) & RW-02
cis-1,2-Dichloroethene 0.81U Former Office Former
Vinyl Chloride 09U 7_Cement Silos
Location : MW-07D PZ-04D 34 LUMBER
Sample Depth (ft bgs) 20-30 < Former Chemical |
Sample Date 6/10/2014 Y —c:,“ Storage |
BUFFALO BATT Analyte Results (pg/L] ’;’% ‘ I
AND FELT 1,1,1-'Tr|chloroethane 0.82U S x A :"Z-03D
1,1-Dichloroethane 038U l A
1,1-Dichloroethene 029U PZ-03S
1,2-Dichloroethane 021U
1,2-Dichloroethene, Total 0.81U PZ-01S
C.hloroetf.]a ne 0.32U) PZ-01D:
cis-1,2-Dichloroethene 081U
Vinyl Chloride 09U Notes_: " . -
1. J = The analyte was positively identified,
the associated numerical value is the
roximat ncentration.
Location MW-065 2. 3p5 'I?he aanzly(;?e \(/:veas aan:Iyzed for, but was not
Sample Depth (ft bgs) 1020 detected above the reported sample detection limit.
Sample Date 6/10/2014 3. UJ = The analyte was not detected above the
Analyte Results (ug/L) reported sample quantitation limit. However, the
1,1,1-Trichloroethane 777 reported quantitation limit is appr.ox.imate anq may
1 1-Dichloroethane 252 or may not represent the actual Ilmlt of quantitation
’ necessary to accurately and precisely measure the
1,1-Dichloroethene 4.82 analyte in the sample.
1,2-Dichloroethane 021U MW-01 4. ft bgs = feet below ground surface
1,2-Dichloroethene, Total 146 5. pg/L = micrograms per liter
Chloroethane 139 6. VOC = volatile organig compound
. . 7. HCL = hydrochloric acid
c',s'l'z'D'chlomethene 146 8. Bold indicates the analyte was detected
Vinyl Chloride 09U 9. Shading indicates that the result exceeded
| applicable standards, criteria, and guideline
CSX RAILROAD YARD (SCG) values.
10. Location of former buildings, tanks, concrete, and
features is approximate.
Image Source: ESRI - Microsoft 2011
LEGEND
[ site Boundary Former Feature Location = & Monitoring Well / Recovery Well in Upper Till FIGURE 2-4
Former Building Location Former Concrete & Monitoring Well / Recovery Well in Lower Till VOCs Exceeding SCG Values
[ ] Former Tank A Piezometer in Upper Till 0 N25 50 Basis of Design for In Situ Thermal Treatment

. . , [ Former Dowell Depew Facility, Depew, New York
A Piezometer in Lower Till Feot
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Location TW-02S Location TW-065 Location TW-01S Location TW-03S Location TW-07S
Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 14.8-19.8
Sample Date 01/28/15 Sample Date 02/04/15 Sample Date 01/27/15 Sample Date 01/27/15 Sample Date 02/04/15
Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L)
Location TW-12S 1,1,1-Trichloroethane 331 1,1,1-Trichloroethane 2.17 1,1,1-Trichloroethane 209 1,1,1-Trichloroethane 17.6 1,1,1-Trichloroethane 1u
Screen Interval (ft bgs) 15-20 1,1-Dichloroethane 1.73 1,1-Dichloroethane 375 1,1-Dichloroethane 49.3 1,1-Dichloroethane 11,900 1,1-Dichloroethane 2.63
Sample Date 04/01/15 1,1-Dichloroethene 1.61 1,1-Dichloroethene 1.23 1,1-Dichloroethene 757 1,1-Dichloroethene 8.44 1,1-Dichloroethene 1u
Analyte Results (ug/L) 1,2-Dichloroethane 1U 1,2-Dichloroethane 1U 1,2-Dichloroethane 0.739J 1,2-Dichloroethane 357 1,2-Dichloroethane 1U
1,1,1-Trichloroethane 516 Chloroethane 1u Chloroethane 11U Chloroethane 11U Chloroethane 4,750 Chloroethane 1u
1,1-Dichloroethane 1,010 cis-1,2-Dichloroethene 0916 J cis-1,2-Dichloroethene 1.02 cis-1,2-Dichloroethene 5.05 cis-1,2-Dichloroethene 1.7 cis-1,2-Dichloroethene 1U
1,1-Dichloroethene 68.7 Tetrachloroethene 1u DE Tetrachloroethene 1.04 Tetrachloroethene 2.14 Tetrachloroethene 1U Tetrachloroethene 1u
1,2-Dichloroethane 5U Vinyl Chloride 1U Vinyl Chloride 147 Vinyl Chloride 1.06 Vinyl Chloride 4.32 ==|Vinyl Chloride 1U
Chloroethane 54
cis-1,2-Dichloroethene 17.7
Tetrachloroethene 284
- =/\
Vinyl Chloride 5U I - \
— =TW204D - RW-01D TW-08D
- G 1 G
c y
\ MW-06S TW-03S ) RW-OJ
Location TW-055 ") 7
") \» TW-03D 1
Screen Interval (ft bgs) 14.8-19.8 MW-06D
Sample Date 02/04/15 l | 1
Analyte Results (pg/L) MW-07S TW-07S & TW-09D
1,1,1-Trichloroethane 136 $ 1
1,1-D!chloroethane 169 MW-07D TW-01D TW-07D II
1,1-Dichloroethene 293 01S .
1,2-Dichloroethane 4U '
Chloroethane 4U 1
cis-1,2-Dichloroethene 8.07 1 \
Tetrachloroethene 4U TW-05S \
Vinyl Chloride 4U TW"ID 1 \
v‘l 1
Location TW-165 TW-11S II TW-17S
Screen Interval (ft bgs) 15-20 A ’ ‘a‘. TW-17D
Sample Date 04/03/15 TW-14D TW-14S TW-158 ’
Analyte Results (ug/L) =84 PO
1,1,1-Trichloroethane 1U TW-150,
1,1-Dichloroethane 11U
1,1-Dichloroethene 11U
1,2-Dichloroethane 11U
Chloroethane 1U
cis-1,2-Dichloroethene 297
Tetrachloroethene v Location TW-145 Location TW-105 Location TW-155 Location TW-135
Vinyl Chloride v Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20 Screen Interval (ft bgs) 15-20
Sample Date 04/03/15 Sample Date 04/01/15 Sample Date 04/03/15 Sample Date 04/03/15
BUFFALO BATT: Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L)
AND FELT 1,1,1-Trichloroethane 1u] 1,1,1-Trichloroethane 1u 1,1,1-Trichloroethane 11U 1,1,1-Trichloroethane 11U
1,1-Dichloroethane 1u] 1,1-Dichloroethane 11U 1,1-Dichloroethane 0.833J 1,1-Dichloroethane 1U
1,1-Dichloroethene 1ul 1,1-Dichloroethene 1U 1,1-Dichloroethene 1U 1,1-Dichloroethene 1U
1,2-Dichloroethane 1u] 1,2-Dichloroethane 11U 1,2-Dichloroethane 11U 1,2-Dichloroethane 11U
Chloroethane 1uJ Chloroethane 1U Chloroethane 1U Chloroethane 1U
cis-1,2-Dichloroethene 4.14) cis-1,2-Dichloroethene 2.56 cis-1,2-Dichloroethene 575 cis-1,2-Dichloroethene 7.28
Tetrachloroethene 1uJ Tetrachloroethene 1U Tetrachloroethene 0.699 J Tetrachloroethene 1U
Image Source: ESRI - Micro.soft 2011 Vinyl Chloride 1U] Vinyl Chloride 1U Vinyl Chloride 249 Vinyl Chloride 1.28

LEGEND

D Site Boundary

Former Building Location

|:| Former Tank

r, _-_' Target Treatment Zone

Former Concrete

% Temporary Well (Shallow)
& Temporary Well (Deep)

$
$
A

A

Monitoring Well / Recovery Well in Upper Till

Monitoring Well / Recovery Well in Lower Till N

Piezometer in Upper Till 0 10 20
|

Piezometer in Lower Till Feot

PZ-08S A

Notes:

1. J = The analyte was positively identified,
the associated numerical value is the

MW-04
Location TW-11S
Screen Interval (ft bgs) 15-20
Sample Date 04/01/15
Analyte Results (ug/L)
1,1,1-Trichloroethane 11U
1,1-Dichloroethane 0.693 J
1,1-Dichloroethene 1U
1,2-Dichloroethane 1U
Chloroethane 1U
cis-1,2-Dichloroethene 55.5
Tetrachloroethene 1U

Vinyl Chloride

Location

4.71

TW-175

Screen Interval (ft bgs) 15-20
04/03/15
Results (ug/L)
1,1,1-Trichloroethane 1U
1,1-Dichloroethane 0.407 J
1,1-Dichloroethene 1U
1,2-Dichloroethane 11U
Chloroethane 1U
cis-1,2-Dichloroethene 1U
Tetrachloroethene 1U
Vinyl Chloride 1U

approximate concentration.

N

NoO AW

. U =The analyte was analyzed for, but was not
detected above the reported sample detection limit.

. ft bgs = feet below ground surface

ug/L = micrograms per liter

VOC = volatile organic compound

Bold indicates the analyte was detected

. Shading indicates that the result exceeded
applicable standards, criteria, and guideline

(SCG) values.

8. Location of former buildings, tanks, concrete,

and features is approximate.

FIGURE 2-5

VOCs Exceeding SCG Values (Shallow) - January and April 2015
Target Treatment Zone Investigation Technical Memorandum

Former Dowell Depew Facility, Depew, New York
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Location TW-02D Location TW-01D Location TW-06D Location TW-04D Location TW-03D Location RW-01D Location TW-08D
Screen Interval (ft bgs) 25-30 Screen Interval (ft bgs) 24-29 Screen Interval (ft bgs) 25-30 Screen Interval (ft bgs) 24.5-29.5 Screen Interval (ft bgs) 24.5-29.5 Screen Interval (ft bgs) 24-29 Screen Interval (ft bgs) 23.5-28.5
Sample Date 01/27/15 Sample Date 01/27/15 Sample Date 2/4/2015 Sample Date 01/30/15 Sample Date 01/27/15 Sample Date 01/30/15 Sample Date 02/04/15
Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L)
1,1,1-Trichloroethane 6.6 1,1,1-Trichloroethane 634 1,1,1-Trichloroethane 1U 1,1,1-Trichloroethane 437 1,1,1-Trichloroethane 408 1,1,1-Trichloroethane 3.65 1,1,1-Trichloroethane 1U
1,1-Dichloroethane 4.19 1,1-Dichloroethane 10.7 1,1-Dichloroethane 0.884J 1,1-Dichloroethane 3,330J 1,1-Dichloroethane 304 1,1-Dichloroethane 652 1,1-Dichloroethane 374 i
1,1-Dichloroethene 251 1,1-Dichloroethene 16.8 1,1-Dichloroethene 0.668J 1,1-Dichloroethene 8.39 1,1-Dichloroethene 359 1,1-Dichloroethene 14 1,1-Dichloroethene 0.383J
1,2-Dichloroethane 1U 1,2-Dichloroethane 1u 1,2-Dichloroethane 1U 1,2-Dichloroethane 0.966 J 1,2-Dichloroethane 1 1,2-Dichloroethane 1 1,2-Dichloroethane 1U
Chloroethane 1u Chloroethane 1u Chloroethane 1u Chloroethane 515 Chloroethane 162 Chloroethane 213 — Chloroethane 1u
cis-1,2-Dichloroethene 1.7 cis-1,2-Dichloroethene 189 = cis-1,2-Dichloroethene 1U cis-1,2-Dichloroethene 473 cis-1,2-Dichloroethene 242 cis-1,2-Dichloroethene 1.37 cis-1,2-Dichloroethene 114
Tetrachloroethene 1u Tetrachloroethene 2.14 Tetrachloroethene 1u Tetrachloroethene 1u Tetrachloroethene 1u Tetrachloroethene 1u Tetrachloroethene 1u
Vinyl Chloride 1U Vinyl Chloride 1U Vinyl Chloride 1U Vinyl Chloride 1.58 Vinyl Chloride 0.993J ={Vinyl Chloride 115 Vinyl Chloride 1.07
MW-04
\
Location TW-12D .= - N — v
- -
Screen Interval (ft bgs) 22.5-27.5 --" RW-01D ocation
- =\"TW-04D Screen Interval (ft bgs) 22.1-27.1
Sample Date 04/01/15 - 1
Analyte Results (ug/L) MW OS ’ Sample Date 02/04/15
- _01 TW-03S RW-0
1,1,1-Trichloroethane 56.4 “ © S GIECH-01 o N a‘- /i\rlaly.tre. hloroeth Resulgtsggug/L)
4 A -Trichloroethane :
1,1-Dichloroethane 106 N » TW-03D - - 1,
1,1-Dichloroethene 8.72 TW-06539 Mw-06p O GTECH-02 Location TW-09D 1,1-Dichloroethane 20
{}Dicmomethane 5-U TW-06D TW-09D Screen Interval (ft bgs) 24.5-29.5 1,1-Dichloroethene 096
’ MW-07S TW-07S & sample Date 02/04/15 1,2-Dichloroethane 1
Chloroethane 5U ") 1
Analyte Results (ug/L)
cis-1,2-Dichloroethene 5.89 1 ; Chloroethane Ly
Tetr;chloroethene 5.U TW-07D 1 1,1,1-Tr|chloroethane 134 cis-1,2-Dichloroethene 111
Vinyl Chloride 5U S 1 1,1-D!chloroethane 103 Tetrachloroethene 04337
- MW-07D 1 1,1-D!chloroethene 0.568J Vinyl Chloride U
Location TW-05D 1 1,2-Dichloroethane 1U
Screen Interval (ft bgs) 23273 1 Chloroethane 1
Sample Date 02/04/15 1 cis-1,2-Dichloroethene 191
Analyte Results (ug/L) 1 Tetrachloroethene 1u .
1,1,1-Trichloroethane 248 ! Vinyl Chloride 129 Location TW-L7D
1111D' hloroeth . TW. Screen Interval (ft bgs) 22.5-27.5
1’1'Df°hl°r°ethane s ’ sample Date 04/03/15
I oroe REne ' 14D Tw-14s  TW-15D | Analyte Results (g/L)
1,2-Dichloroethane 10U D& -
CHoroethane 10U Q - | — L | 1,1,1-Trichloroethane 1U
is-12-Dichloroeth T 1,1-Dichloroethane 1u
.cr|s; ’ r-ml I :Loe ene 8.52 3 RW-02 1,1-Dichloroethene 1U
VG'! r&;cChTro'Z ene iOU 1,2-Dichloroethane 1
inyl Chloride Tw-10D TW-10S Chloroethane Y
AN cis-1,2-Dichloroethene 1u
Location TW-16D Tetrachloroethene 1
Screen Interval (ft bgs) 23-28 I Vinyl Chloride 1U
Sample Date 04/03/15 - - " - -
Analyte Results (ug/L) Location TW-14D Location TW-10D Location TW-15D Location TW-13D Location TW-11D
- Screen Interval (ft bgs) 2-27 Screen Interval (ft bgs) 23-28 Screen Interval (ft bgs) 22-27 Screen Interval (ft bgs) 22.1-27.1 Screen Interval (ft bgs) 22.5-27.5 Notes_: . .
1,1,1-Trichloroethane 1u 1. J =The analyte was positively identified,
1 1-Dichloroethane 10 Sample Date 04/02/15 Sample Date 04/01/15 Sample Date 04/03/15 Sample Date 04/03/15 Sample Date 04/01/15 the associated numerical value is the
. Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (ug/L) Analyte Results (pg/L) approximate concentration.
1,1-Dichloroethene 1u - 0 - 5U - 0 - 0 - 0 2. U = The analyte was analyzed for, but was not
12-Dichloroethane U 1,1,1-Trichloroethane 1,1,1-Trichloroethane 1,1,1-Trichloroethane 1,1,1-Trichloroethane 1,1,1-Trichloroethane detected above the reported sample detection limit.
Clhloroethane 1U 1,1-Dichloroethane v 1,1-Dichloroethane 5U 1,1-Dichloroethane 0.803J 1,1-Dichloroethane 2,01 1,1-Dichloroethane 1.14 3. ftbgs = feet below ground surface
. i 1,1-Dichloroethene 1U 1,1-Dichloroethene 5U 1,1-Dichloroethene 1U 1,1-Dichloroethene 1U 1,1-Dichloroethene 1U 4. ugiL :_mlcrograms per liter
cis-1,2-Dichloroethene 722 5. VOC = volatile organic compound
Tetrachloroethene U 1,2-Dichloroethane 1u 1,2-Dichloroethane 5U 1,2-Dichloroethane 1u 1,2-Dichloroethane 1u 1,2-Dichloroethane 1u 6. Bold indicates the analyte was detected
i i Chloroethane 1 Chloroethane 5U Chloroethane 1 Chloroethane 1 Chloroethane 1 7. Shading indicates that the result exceeded
Vinyl Chloride 1U ) . i . . . . . i . applicable standards, criteria, and guideline
cis-1,2-Dichloroethene 33 cis-1,2-Dichloroethene 4177 cis-1,2-Dichloroethene 64 cis-1,2-Dichloroethene 298 cis-1,2-Dichloroethene 75.1 (SCG) values.
Tetrachloroethene 1u Tetrachloroethene 5U Tetrachloroethene 1u Tetrachloroethene 0.389J Tetrachloroethene 1u 8. Location of former buildings, tanks, concrete,
. . ) . . . . . . . . . and features is approximate.
Image Source: ESRI - Microsoft 2011 Vinyl Chloride 1U Vinyl Chloride 5U Vinyl Chloride 5.24 Vinyl Chloride 3.85 Vinyl Chloride 58
X | \ — —— - =
LEGEND
[ site Boundary 1 - ) Target Treatment Zone % Temporary Well (Shallow) & Monitoring Well / Recovery Well in Upper Till FIGURE 2-6
Former Building Location Former Concrete & Temporary Well (Deep) % Monitoring Well / Recovery Well in Lower Till N VOCs Exceeding SCG Values (Deep) - January and April 2015
[ ] Former Tank © Geotechnical Boring A Piezometer in Upper Till o 20 Final Engineer Report

L Fe'et L Former Dowell Depew Facility, Depew, New York
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WALDEN A VE

-

PZ-08S A

\
- RW-01
: |
\ IW-06D MW-06S IW-01S )
S S IW-04D ;
- 1
,\MW-OGD @flw_ 025 \
¢ IW-05D ™ \w-03s !
. 1
4
- .
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
1
' ’
’
! ’
1 - 4
S=- -y I
-y - -
RW-02
S
BUFFALO BATT
AND FELT PZ-04D
A
A PZ-04S
Notes:
1. Location of former buildings, tanks, concrete, and features is approximate.
2. Wells located within the target treatment area were plugged and abandoned
Image Source: ESRI - Microsoft 2011 between October 5 and 7, 2015.
LEGEND
D Site Boundary 1 _ ! Target Treatment Zone & Injection Well A Piezometer in Upper Till
FIGURE 4-1
Former Building Location Former Concrete & Monitoring Well / Recovery Well in Upper Till A Piezometer in Lower Till . . .
9 9 y P N Wells Abandoned Prior to Construction Activities
[ ] Former Tank % Monitoring Well / Recovery Well in Lower Till o 10 20 Final Engineer Report
L F' — ! Former Dowell Depew Facility, Depew, New York
ee
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SVE Well
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1
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1 E-D-2 X-D-3
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1
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1
1
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-~ - V4
& E-E-4
Notes:
E-E-3 1. SVE = soil vapor extraction
@/_ 2. MPE = multi-phase extraction
Image Source: © Google 2016 3. TMS = temperature monitoring sensor
LEGEND
% Electrode |-_-_' Target Treatment Zone
< FIGURE 4-2
MPE Well Vapor Cap N ISTT Wellfield
Temperature Monitoring Sensor D Site Boundary 0 10 Final Engineer Report
SVE Well

. | Former Dowell Depew Facility, Depew, New York
Feet
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WALDEN A VE

| Power Distribution Panel MPE Treatment System Control Panel

Power Pole and Transformers

| Power Distribution System Unit A

Water Circulation System Unit A

/—| Main Power Panel |

Vapor Treatment Unit |

Vapor Chiller Unit|

Liquid and Vapor Knockout Tank|

Groundwater Treatment Unit |

WA

| Process Water Transfer Tanks |

Treated Groundwater
Temporary Storage Tank

\

Water Circulation System Unit B Power Distribution System Unit B |

Notes:
1. SVE = soil vapor extraction
2. MPE = multi-phase extraction

Image Source: © Google 2016

LEGEND
% Electrode (E:xtracted Liq;i.d .and Vapor FIGURE 4-3
& MPE Well F)nveyance IPINg N ISTT Map
Temperature Monitoring Sensor D Site Boundary 0 - Final Engineer Report
. Former Dowell Depew Facility, Depew, New York
SVE Well Vapor Cap ! Feet I
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Actual and Design Temperature Curves

Temperature (°C)
Average Target
Temperature Achieved

Operational Timeframe (in days)

LEGEND

— Actual digiTAM™ Average (°C) (average temperature immediately around temperature monitoring sensor locations)

« « » Calculated treatment zone average (°C) (average temperature immediately around electrodes)

—+— Design* (°C) (average temperature across entire target treatment zone, assuming target temperature is reached after 90 days of operation)

Notes:

1. °C =degrees Celsius

2. Electrodes were powered up on February 17, 2016,
during ISTT system commissioning. Official start of
ISTT system operations began on February 22, 2016.

FIGURE 4-4

ISTT Temperature Curves

Final Engineer Report

Former Dowell Depew Facility, Depew, New York
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Average digiTAM ™ Temperature by Depth

O
(]
N—
(D) R ol e aan *
S e );;n;J"‘;"’L'j t‘-
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= T \
@© .
— %
QO 1
o 2
E )
q) . “rf L R
I_ P wan et
USRI ot e
o e
Operational Timeframe (in days)
Notes:
1. °C =degrees Celsius
2. ft AMSL = feet above mean sea level
3. Electrodes were powered up on February 17, 2016,
during ISTT system commissioning. Official start of
ISTT system operations began on February 22, 2016.
LEGEND
FIGURE 4-5
674-680 ft AMSL = * » 656-662 ft AMSL
ISTT Average Depth Temperature Curves
662-668 ft AMSL Former Dowell Depew Facility, Depew, New York
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Average Electrode Power by Electrode Layer

Power (kW)

Operational Timeframe (in days)

LEGEND
— Shallow and Deep Combined
e« + Shallow

Deep

Notes:

1. kW = kilowatt

2. Electrodes were powered up on February 17, 2016,
during ISTT system commissioning. Official start of
ISTT system operations began on February 22, 2016.

FIGURE 4-6

Power Use by Electrode Layer (Depth)

Final Engineer Report

Former Dowell Depew Facility, Depew, New York
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Influent VOC Vapor Concentrations

10,000

1,000

100

— N

‘*,c"'. =

Oo’o.oo-.a..‘o.o\ooao‘...... ’ -y
\ ,-

\ 4

Concentration (ug\m°)

10

Notes:

pg\m?® = micrograms per cubic meter

.1,1,1-TCA=1,1,1-trichloroethane

1,1-DCA = 1,1-dichloroethane

1,1-DCE = 1,1-dichloroethene

1,2-DCA = 1,2-dichloroethane

1,2-DCE Total = 1,2-dichloroethene total

. Cis-1,2-DCE = cis-1,2-dichloroethene

PCE = tetrachloroethene

. TCE = trichloroethene

10. VOC = volatile organic compounds

11. Influent VOC vapor concentration time
graph excludes acetone concentrations.

12. Chemical concentrations are plotted on a
logarithmic scale.

18 47 61 75 89 103 117 131 150 160 174 188

Operational Timeframe (in days)

©COoNOUOA~AWNE

LEGEND
e=@= ], 1-TCA Concentration 1,2-DCE Total Concentration ==®= Ethylbenzene Concentration =@ Xylenes (Total) Concentration
«=@= 1 1-DCA Concentration * ®+ 1,2-DCE Total Concentration PCE Concentration

1,1-DCE Concentration = ®= Chloroethane Concentration ==@= TCE Concentration

FIGURE 4-7

Influent VOC Vapor Concentrations
Final Engineer Report

1,2-DCA Concentration ==@= Cis-1,2-DCE Concentration Vinyl Chloride Concentration Former Dowell Depew Facility, Depew, New York

\\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-7_INFLUENT_VOC_VAPOR_CONCENTRATIONS.MXD MWACH 2/6/2017 10:36:06 AM



Influent Total VOC Vapor Concentrations

100,000

CVT\
£ 10,000
-
(@)
=
c
2
©
c
)
S
S 1,000
@)
100

18 47 61 75 89 103 117 131 150 160 174 188

Operational Timeframe (in days)

4.

Notes:
1.
2.
3.

pg\m? = micrograms per cubic meter

VOC = volatile organic compound

Influent total VOC vapor concentration time graph
excludes acetone concentrations.

Chemical concentrations are plotted on a
logarithmic scale.

LEGEND
——— Total VOCs

FIGURE 4-8
Influent Total VOC Vapor Concentrations
Final Engineer Report

Former Dowell Depew Facility, Depew, New York

RDD \\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-8_INFLUENT_TOTAL_VOC_VAPOR_CONCENTRATIONS.MXD MWACH 1/30/2017 1:52:13 PM



90
80
70
60
~
—
-
(@)]
3
N 50
c
o
=
©
+— 40
c
]
&
S
30
@)
20
10
0

LEGEND

=@= 1], 1-TCA Concentration

=@= 1,1-DCA Concentration
1,1-DCE Concentration
1,2-DCA Concentration

Influent VOC Liquid Concentrations

e e R p— - e on e e —————.——_—_-.—-"
a7 61 75 89 103 117 131

Operational Timeframe (in days)

1,2-DCE Total Concentration Ethylbenzene Concentration =@ Xylenes (Total) Concentration
+ @ 12-DCE Total Concentration PCE Concentration
= ®= Chloroethane Concentration «==@= TCE Concentration
«=@= Cis-1,2-DCE Concentration Vinyl Chloride Concentration

145

159

Notes:

. Mg\L = micrograms per liter

.1,1,1-TCA=1,1,1-trichloroethane

. 1,1-DCA = 1,1-dichloroethane

. 1,1-DCE = 1,1-dichloroethene

1,2-DCA = 1,2-dichloroethane

1,2-DCE Total = 1,2-dichloroethene total

. cis-1,2-DCE = cis-1,2-dichloroethene

. PCE = tetrachloroethene

. TCE = trichloroethene

10. VOC = volatile organic compounds

11. Influent VOC vapor concentration time
graph excludes acetone concentrations.

©CONOUTAWN R

FIGURE 4-9

Influent VOC Liquid Concentrations

Final Engineer Report

Former Dowell Depew Facility, Depew, New York

RDD \\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-9_INFLUENT_VOC_LIQUID_CONCENTRATIONS.MXD MWACH 2/6/2017 10:41:23 AM



Influent Total VOC Ligquid Concentrations
300

250
200
150

100

Concentration (ug\L)

50

12 47 61 75 89 103 117 131 145 159 174 188

Operational Timeframe (in days)

Notes:

1. pg\L = micrograms per liter

2. VOC = volatile organic compound

3. Influent total VOC vapor concentration time graph
excludes acetone concentrations.

LEGEND

- Total VOCs FIGURE 4-10

Influent Total VOC Liquid Concentrations
Final Engineer Report
Former Dowell Depew Facility, Depew, New York

RDD \\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-10_INFLUENT_TOTAL_VOC_LIQUID_CONCENTRATIONS.MXD MWACH 1/30/2017 9:35:40 AM



Cumulative Contaminant Mass Removal Cumulative Acetone Free Mass Removal

Extracted Mass (Ibs)
Extracted Mass (Ibs)

Operational Timeframe (in days) Operational Timeframe (in days)

Graph A. Graph B.

Notes:

1. Ibs = pounds

2. Electrodes were powered up on February 17, 2016
during ISTT system commissioning. Official start of
ISTT system operations began on February 22, 2016.

LEGEND - Graph A LEGEND - Graph B

—— Contaminant Mass Removed in Liquid Phase (5.2 Ibs) —— Acetone Free Contaminant Mass Removed in Liquid Phase (0.2 Ibs)
FIGURE 4-11
-+ - Contaminant Mass Removed in Vapor Phase (65.9 Ibs) -+ - Acetone Free Contaminant Mass Removed in Vapor Phase (6.8 Ibs) Cumulative Contaminant Mass Removal
) Final Engineer Report
- « « Total Contaminant Mass Removed (71.1 Ibs) +++ Acetone Free Contaminant Mass Removed (7.0 Ibs) Former Dowell Depew Facility, Depew, New York

RDD \\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-11_CUMULATIVE_CONTAMINATION_MASS_REMOVAL.MXD MWACH 2/6/2017 2:28:49 PM


jburkard
Text Box


E-A-4

e SB-O;/_
@/— E-A-3

SVE Well

G/_ — ea/—E-A-z { =Ea0E PP/_ o

/—TMS-B3

@/— E-B-1 @/— X-B-2

B SVE Well
e r
E-C-4
g EC3 & o X

X-C-3

SVE Well
& E-C-1 o2 /_ ,—TMS-C3
e X-C-1 g E-D-5

,—TMS-D3 e E-D-4

e/— E-B-5

& X-A-2
E-A-1
s & X-A-1 L/ —TMS-A3
e E-B-4
L — TMS-AL .
& E-B-3 — B
e E-B-2 g %83

&— 7 EC5

ea/—x-D-4
E-D-3
{X_D_z & “.D5
E-D-2 D- e
[ e xD-3 SVE Well & E-E-6
/ o— TMS-D4
7
d_ E-E-5 Notes:
e/— E-E-4 1. SVE = soil vapor extraction
2. MPE = multi-phase extraction
3. TMS = temperature monitoring sensor
E-E-3 4. SB-01 through SB-04 were sampled as
@/_ part of the interim performance sampling
Image Source: © Google 2016 event in June 2016.
LEGEND
& Electrode & (Soil Boring Performance Sampling Location (June 2016) FIGURE 4-12
® MPE Well Vapor Cap N Interim Performance Sampling (June 2016)
Temperature Monitoring Sensor D Site Boundary 0 10 Final Engineer Report
SVE Well | ! | Former Dowell Depew Facility, Depew, New York
Feet

\\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-12_INTERIM_PERFORMANCE_SAMPLING(JUNE 2016).MXD MWACH 2/6/2017 11:10:13 AM


kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight


E-A-1
3/— 3/— X-A-1

e TMS-Al

@/— E-B-2
E-B-1
G/_ { SB-04
@/— X-B-1

TMS-C2

@/— SB-06 ®/_ E-C-2

@/_ sBdt @/— E-A-2

d— SB-07

E-A-4
{ — - A G/_ se03 &

SVE Well @/_ A3
@/_ X-A-2
/—TMS-AS -
E-B-4 G/_ e
G/_
-B- SB-05
G/_ =B G/_ @/—X-B-4
& X-B-3
d— X-B-2 e TMS-B3

E-C-5
/_ SVE Well s |

[ SB-O;/_ Eca
& E-C-3

& X-C-4

X-C-3

SVE Well
/ /—TMS—C3

G/— E-C-l e/_X_C_z
ep/—X-C-l ®/— E-D-5
,—TMS-D3 e E-D-4
ea/—x-D-4
E-D-3
{X_D_z s “.D5
E-D-2 X-D-3 -
[ e SVE Well & E-E-6
/ o— TMS-D4
7
é—SB-OQ
d_ E-E-5 Notes:
e/— E-E-4 1. SVE = soil vapor extraction
2. MPE = multi-phase extraction
3. TMS = temperature monitoring sensor
E-E-3 4. SB-01 through SB-09 were sampled as
@/_ part of the performance sampling event
Image Source: © Google 2016 in August 2016.
LEGEND

& Electrode % (Soil Boring Performance Sampling Location (August 2016)

o FIGURE 4-13
MPE Well Vapor Cap N Confirmation Performance Sampling (August 2016)
Temperature Monitoring Sensor D Site Boundary 0 10 Final Engineer Report
SVE Well [ . | Former Dowell Depew Facility, Depew, New York

Feet
\|BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-13 CONFIRMATION_PERFORMANCE_SAMPLING(AUGUST 2016).MXD MWACH 2/6/2017 11:23:37 AM



kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight


Image Source: © Google 2016

@/— E-A-3 d— SB-10

SVE Well A3

E-A-2
& g A2

E-A-1
s o X-A-1 L TMS-A3

@/_ SB'l;/— E-A-4

<« E-B-4

— TMS-Al
G/— E-B-3

e E-B-2 g %83
-B- B- TMS-B3
G/—E B-1 @/—x B-2 S

SVE Well
d_ X-B-1 /_

E-C-4
@/— E-C-3 3/_

X-C-3

E-C-2 /— TMS-C2
s SVE Well
& E-C-1 G *C? /_ —TMS-C3

,—TMS-D3 e E-D-4

e/— E-B-5

& X-B-4

&— 7 EC5

& X-C-4

@/— E-D-5

o X-D-5

X-D-4
E-D-3 s
{ X-D-2 &
E-D-2 D-
[ 3/_ XD-3 SVE Well
/_ ~— TMS-D4
7’
d_ E-E-5
g EE4
E-E-3
&

3/— E-E-6

Notes:

1. SVE = soil vapor extraction

2. MPE = multi-phase extraction

3. TMS = temperature monitoring sensor

4. SB-10 and SB-11 were sampled as part
of the performance sampling event in
October 2016.

LEGEND
® Electrode
% MPE Well

& (Soil Boring Performance Sampling Location (October 2016)
Vapor Cap

Temperature Monitoring Sensor D Site Boundary

SVE Well

10

1
Feet

FIGURE 4-14

Confirmation Performance Sampling (October 2016)
Final Engineer Report

Former Dowell Depew Facility, Depew, New York

\\BROOKSIDE\GIS_SHARE\ENBG\00_PROJ\D\DOWELL\DOWELL_DEPEW_480860\MAPFILES\2017\FINALENGINEERREPORT\FIG_4-14_CONFIRMATION_PERFORMANCE_SAMPLING(OCTOBER 2016).MXD MWACH 2/6/2017 11:25:04 AM


kasmunds
Highlight

kasmunds
Highlight

kasmunds
Highlight


Appendix A
Mc? Remedial Design Report






Remedial Design Report
Dowell Depew Site
Depew, New York

McMillan-McGee Corp.

4895 - 35B Street SE

Calgary, Alberta T2B 3M9 Canada

Ph: 403.279.7948

Fx: 403.272.7201

Web: www.mcmillan-mcgee.com
McMillan-McGee Corp. Point of Contact
Mr. Brent Winder, BA, B.S.Sc., MBA

Ph: 403.569.5103

Email: brent.winder@mcmillan-mcgee.com

Confidentiality Notice

This confidential document and any related presentation was prepared by McMillan-
McGee Corp. for the exclusive use of Delta and is not to be reproduced, distributed or
made available, in whole or in part, to any person, company, or organization other
than Delta without the express written permission of McMillan-McGee Corp.

February 24, 2016

Electromagnetic Systems & Services for the Energy & Environraental Industries



CH2M Hill - Depew, New York i

Engineering Certification

This document, Remedial Design Report for the Former Dowell
Facility, has been prepared under the supervision and control of the
undersigned Alberta licensed Professional Engineer. The work and
professional opinions rendered in this report were conducted or
developed in accordance with commonly accepted protocols and
procedures. If conditions are discovered that differ from those
described, the undersigned engineer should be notified to evaluate the
effects of any additional information on the assessment and
recommendations in this document. This document was prepared to
provide information for the Former Dowell Facility project in Depew,
New York, and should not be construed to apply to any other site.

Prepared by:

Nicholas Dumaresq, EIT,
Association of Professional
Engineers and Geoscientists
of Alberta member 214172

Reviewed and approved by:

David A. Rountree, P. Eng.
Association of Professional
Engineers and Geoscientists
of Alberta member 170197

Through the engineering
business of McMillan-McGee
Corporation, APEGA Permit
to Practice P09178

February 24, 2015 McMillan-McGee Corp.
APEGA Permit to Practice: P09178 ET-DSP™ Remedial Design Report



CH2M Hill - Depew, New York ii

Executive Summary

McMillan-McGee Corporation (Mc?) has prepared this Remedial
Design Report to describe the details of the Electro Thermal Dynamic
Stripping Process (ET-DSP™) application that will be implemented for
in-situ thermal treatment (ISTT) at the Former Dowell Facility, located
at 3311-3313 Walden Avenue in the Village of Depew, New York,
United States of America. The treatment volume delineated for ET-
DSP™ application has an approximate areal extent of 3,661 square
feet (ft?) and extends from 0 to 30 feet (ft.) below ground surface
(BGS), for a total estimated treatment volume of 4,068 cubic yards
(yd®). The primary goals of the thermal treatment application are to
reduce volatile organic compound (VOC) concentrations in
groundwater to below applicable regulatory criteria and remove VOC
mass within the source zone.

During remedial activities, 44 ET-DSP™ electrodes in 22 borings will
heat the treatment volume approximately to the target temperature of
212 degrees Fahrenheit (°F). The cumulative energy input to the
electrodes is expected to be approximately 1,281 megawatts hours
(MWHTr) and site-wide water injection to the electrodes is estimated to
be at a rate of 4.4 gallons per minute (GPM). Operations will run for
approximately 180 days.

Vaporized VOCs and steam generated by elevated subsurface
temperatures will be captured with 15 vertical multiphase extraction
(MPE) and 4 horizontal vapor extraction (HVE) wells installed
throughout the treatment volume. The total vapor flow is estimated at
139 standard cubic feet per minute (SCFM) under an estimated
applied a vacuum of 12 inches mercury (in. Hg). The estimated liquid
extraction rate from the treatment volume is 4.5 GPM. Extracted fluids
will be processed in an aboveground treatment system. Processed
water will be re-injected, and any residual water will be discharged.

Performance monitoring during the ET-DSP™ application will include
the deployment of 70 digital temperature acquisition module
(digiTAM™) sensors in 7 locations, as well as measurements of fluid
flow and electrical power throughout the application. All data will be
available on a secure webpage for remote monitoring. Cumulative
mass removal in the extracted fluids will be monitored, and after
shutdown, confirmation groundwater sampling will be performed to
ensure that performance goals are achieved.

February 24, 2015 McMillan-McGee Corp.
APEGA Permit to Practice: P09178 ET-DSP™ Remedial Design Report
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1. Introduction

Mc? has prepared this design report to describe the activities proposed
for in-situ thermal treatment using ET-DSP™ at the former Dowell
Facility, located at 3311-3313 Walden Avenue in the Village of Depew,
New York. The activities defined in this report will be performed under
contract by Mc?, for CH2M Hill (CH2M).

1.1.Site Description and Location

The facility resides within a mixed residential and industrial/commercial
area. The entire site is zoned industrial/commercial. Surrounding uses
include a railroad line to the south, a manufacturing facility to the west,
and a commercial lumberyard to the east. The closest residential
structures are to the north across Walden Avenue. The property has
previously included buildings such as office space, storage, and
equipment repair garages that supported operations relating to the
development and maintenance of natural gas and oil wells. Various
industrial cleaning and oil-field chemicals were stored on-site and
transferred into tank trucks for use at job sites (New York State
Department of Environmental Conservation (NYSDEC), 2016).

Current VOCs detected in ground water at the site are likely a result of
historical activities, which included servicing industrial facilities and limited
oilfield-related projects. Dowell discontinued facility operations in the late
1980s and the facility was permanently closed.

1.2.Site Geology and Hydrology

Three distinct unconsolidated stratigraphic units have been identified
in the test boring log (URS Corporation (URS), 2011) with supporting
data provided by CH2M (2015): (i) the higher permeability and poorly
sorted silt sand, fine to coarse gravel fill and cinders unit, which
extends from ground surface to 4 ft. BGS, (ii) the clayey silt unit with a
trace of fine gravel, which extends from the bottom of the upper fill unit
to 10 ft. BGS, and (iii) the silty clay unit, with 5% fine to coarse sand,
which extends from 10 to 20.5 ft. BGS, where the test boring log
ended. Clay content increases with depth beginning at 4 ft. BGS.
Between 4 ft. and 30 ft. BGS, the layer has been described as a thick
layer of glacial till. The Marcellus Shale and/or Skaneateles Shale
were anticipated to be encountered at 30 ft. BGS, but the drilling
program (October 5 — October 20, 2015) encountered these bedrock
shales at depths as shallow as 26.5 ft. BGS.

Site hydraulic conductivity was determined using falling- and rising-
head tests in wells with screened intervals of 15-17 ft. BGS and 22-24
ft. BGS, with resulting values reported as 2.44x10° and 1.15x10®
inches per second, respectively (CH2M, 2015). The hydraulic
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gradients for these zones are 0.057 ft./ft. and 0.04 ft./ft., and their
porosity is 0.38 and 0.22, respectively (CH2M, 2015).

The depth to the groundwater was reported as 3 ft. BGS based on
previous investigations (CH2M, 2015); however, during the drilling
program groundwater was encountered at depths ranging from 1-3 ft.
BGS.

1.3.Contaminant Concentrations, Remedial Goals, and Distribution

The historical maximum levels of Constituents of Concern (COC)
detected in site groundwater and the remedial objectives for clean up
are displayed in Table 1 (CH2M, 2015).

Table 1: Groundwater Concentrations and Remedial Objectives

Performance Maximum Historical Detection in

Contaminant of Concern Standard in Soil Groundwater

Value Units Value Units Well ID
1,1,1-Trichloroethane 68 Ma/kg 516 Mo/l TW-12S
1,1-Dichloroethane 27 pa/kg 11900 pg/L TW-03S
1,1-Dichloroethene 33 Ma/kg 75.7 Mo/l TW-01S
1,2-Dichloroethane 2 pa/kg 3.57 pg/L TW-03S
1,2-Dichloroethene (Total) 25 Ma/kg 77.1 Mo/l TW-11D
Acetone 5 pa/kg 2560 pg/L TW-04D
Benzene 6 Ma/kg 1.62 Mo/l TW-04D
Chloroethane 70 pa/kg 4750 pg/L TW-03S
cis-1,2-Dichloroethene 25 Ma/kg 75.1 Mo/l TW-11D
Ethylbenzene 100 pa/kg 315 pg/L TW-04D
Tetrachloroethene 130 Ma/kg 28.4 Mo/l TW-12S
Trichloroethene 47 pa/kg 7.7 pg/L TW-15S
Vinyl Chloride 2 Ma/kg 5.8 Mo/l TW-11D
Xylenes, Total 26 pa/kg 179 pg/L TW-04D

The treatment volume has an approximate areal extent of 3,661 ft*
and extends vertically from 0 to approximately 30 ft. BGS, for a total
estimated treatment volume of 4,068 yd®. The anticipated area of
thermal influence for the proposed electrode network is approximately
4,900 ft* and extends from 0 to 30 ft. BGS, for a total estimated heated
volume of about 5444 yd?®.

The remedial objectives at the site are to reduce COC concentrations
in groundwater to the above levels specified by CH2M Hill. The
secondary remedial objectives at the site are to:

1. Prevent the mobilization of COCs to areas outside of the limits
that define the treatment volume;

2. Maintain hydraulic and pneumatic control throughout thermal
remediation;
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3. Achieve the design target temperature of approximately 212°F;
and,

4. Treat and dispose of vapors, groundwater, and COCs that are
recovered by the extraction system.

1.4.Project Schedule

A proposed project schedule describing the timeline of the main
project milestones was presented by Mc?. A brief outline of the
proposed project component durations is illustrated in Table 2.

Table 2: Approximate Duration of Project Components

Components Approximate Duration

Drilling & Furnishing & Installation of
10 weeks
Underground Components
Above Ground Remediation Component
. 9 weeks
Installation
Acceptance Testing 1 weeks
System Operation 27 weeks
Performance Verification and 5 weeks
Surface/Subsurface restoration
Demobilization 7 weeks

1.5.Project Organization

The thermal remediation team consists of CH2M Hill, Mc?, and MK
Environmental. The role and contact information of each team
member is outlined in Table 3.

Table 3: Project Organization

Organization Role Sl Contact Information
NEIWEIS)
Engineering J Jayson.burkard@ch2m.com
CH2M Hill consultant; oversight BLﬁ'SkZ?d +1 (314) 335-3046
and verification +1 (314) 477-7284
David drountree@mcmillan-mcgee.com
Rountree +1 (403) 569-5116
+1 (403) 921-0848
. ET-DSP™ contractor; wrobella@mcmillan-mcgee.com
Mcé\:/l(ljlrlanimEgee in-situ thermal ;’e\(’)?g:; +1 (403) 569-5106
P- treatment +1 (403) 461-1669
. ndumaresq@mcmillan-mcgee.com
D'\Sr‘;]h:r';*; +1 (403) 569-5113
q +1 (403) 869-7645
MK Soil vapor and etung@mkenv.com
Envi groundwater Ed Tung +1 (630) 848-0585
nvironmental
treatment +1 (630) 920-1104
February 24, 2015 McMillan-McGee Corp.
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2. Treatment Technology

A full-scale ET-DSP™ and MPE application will be implemented for
thermal treatment at the site. This application is based on the results
of the Thermal Model, undertaken by Mc? for the Dowell facility which
can be found in Appendix A. VOC vapors produced in the subsurface
at elevated temperatures will be captured with MPE wells and
collected in an aboveground treatment system. ET-DSP™ is a
patented electro-thermal technology (United States patent number
6,596,142; Canadian patent number 2,341,937) where the power input
to individual electrodes is controlled and water recirculation is used to
enhance convective heat transfer. These processes have the potential
to create a more uniform temperature distribution earlier into an
application than other ISTT technologies (McGee and Donaldson,
2009).

2.1ET-DSP™ Heat Transfer Mechanisms

Field applications of ET-DSP™ use power delivery system (PDS) units
to direct low frequency (60 Hertz (Hz)) three-phase electrical power to
a network of subsurface electrodes. Adjacent electrodes are 120° out
of phase such that gradients in electric potential are induced, which
causes current conduction and resistive heat dissipation throughout
the treatment volume. The power dissipated by electrical resistance
heating is proportional to the inverse of the distance squared from
each electrode (McGee and Donaldson, 2009). Water injection during
ET-DSP™ compensates for this non-uniform power distribution by
increasing convective heat transfer within the treatment volume, which
propagates heat further from the electrodes into the subsurface.
Conductive heat transfer also occurs as a result of the temperature
gradients induced during heating. The transient temperature
distribution during ET-DSP™ s dictated by the conservation of
energy, which can include conduction, convection, electro-thermal,
phase change and heat accumulation mechanisms (McGee and
Vermeulen, 2007).

2.2ET-DSP™ Mass Removal Mechanisms

At elevated temperatures, vaporization, volatilization, dissolution and
desorption are enhanced such that conditions are more favorable for
the extraction of VOC mass from the subsurface (e.g., United States
Army Corp of Engineers (USACE), 2009; Triplett Kingston et al.,
2014). These mechanisms are described by the temperature
dependence of the vapor pressures, Henry’s law constants, solubilities
and soil-water partition coefficients for the fluids in question,
respectively. In addition, liquid viscosity, interfacial tension, and
density decrease at elevated temperatures, which can make non-
agueous phase liquids (NAPLs) more mobile for extraction.
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Vaporization (i.e., boiling of immiscible VOCs and groundwater) and
volatilization (i.e., partitioning of VOCs from the dissolved phase to the
gas phase) are the most dominant mass removal mechanisms during
ET-DSP™. As such, extraction wells must be designed for effective
gas capture, with appropriate locations, screened intervals and applied
vacuums, in order for performance to be successful. The accurate
development of a detailed geological and hydrogeological site
conceptual model informs this design.

2.3ET-DSP™ Subsurface Vapor Generation

The placement and operation of ET-DSP™ electrodes and extraction
wells are designed such that sufficient temperatures will be achieved
to vaporize COCs in the source zone. Vaporization occurs when the
total gas pressure, given as the sum of the partial vapor and dissolved
gas pressures, exceeds the sum of the ambient atmospheric,
hydrostatic and capillary pressures. Consequently, boiling points
increase with depth below the water table and vary with lithology.

When NAPL is present, gas production first occurs at the co-boiling
(i.,e., steam distillation, heteroazeotrope) temperature, since vapor
pressures are additive at immiscible fluid interfaces (e.g., Dalton’s
Law). Fractional distillation theory governs the composition of the
vapor phase. Co-boiling continues until all of the NAPL vaporizes, and
capture of the resulting vapors can represent a significant amount of
the total VOC mass extracted. For multicomponent NAPL mixtures,
the more volatile components vaporize preferentially, and both the
composition of the NAPL and the co-boiling temperature change over
time (e.g., Raoult’'s Law). Gas bubbles are generated at NAPL-water
interfaces during co-boiling and propagate upwards as buoyancy
forces overcome capillary trapping forces. Subsurface heterogeneities
influence the path of co-boiled vapor bubbles towards extraction wells
below the water table.

Continued temperature increase to the groundwater boiling point
during ET-DSP™ operation generates a significant amount of steam
throughout the subsurface, which facilitates the transport of any
remaining VOC vapors towards extraction wells. In addition, steam
generation allows for increased volatilization and dynamic stripping of
dissolved constituents, which can be an important mechanism to
reduce VOC concentrations in the source zone.

Gas transport during ET-DSP™ s influenced by pressure gradients
due to the vacuum applied at subsurface extraction wells. A proper
vapor cap provides a no-flow boundary condition at the top of the
treatment zone, which assists vapor flow through the vadose zone
towards extraction wells. In lower permeability media, steam formation
also has the potential to create a secondary porosity for Taylor bubble
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flow (McGee et al., 2004) as an additional transport mechanism for
VOC mass towards extraction wells.

In the final stages of operation, pressure cycling can be performed as
a strategy to create new gas pathways and remove mass in regions
where vapors might be trapped. This technique involves varying
individual electrode power inputs and applied vacuums such that
regions of the subsurface are pressurized and depressurized.

Subsurface temperatures are monitored in real time during an ET-
DSP™ application in order to identify the vapor generation response
(i.e., changes in the rate of temperature increase, indicating regions of
sensible or latent heat), as well as to inform the operation of the
electrodes and water circulation system (WCS) units.

2.4ET-DSP™ Conceptual Design

The conceptual design shown in Figure 1 illustrates the main
processes that are involved in an ET-DSP™ application.

Figure 1: Schematic of Technical Approach Using ET-DSP™ (not to scale)

Element 1. The treatment area is covered with a vapor cap that
consists of concrete, asphalt, insulation, geomembrane and/or cellular
concrete surfaces. The vapor cap is critical for maximizing vapor
capture and minimizing heat loss in the vadose zone. It also limits
infiltration and short-circuiting during vapor extraction.
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Element 2: Finite length electrodes with independent control are
double stacked vertically in holes to conduct electric current
throughout the vertical extent of the treatment volume. The applied
electric field accelerates charge carriers in the pore water, which
results in the kinetic energy transfer that causes resistive heat
dissipation. The use of stacked electrodes can improve performance
associated with the preferential flow of current through more
conductive lithologies.

An important element of ET-DSP™ involves the injection of water at
the ends of the electrodes, which enhances convective heat transfer,
mitigates the electrode dipole effect, and maintains liquid contact at
the electrode surface to avoid decreased power input associated with
resistive conditions during gas production. Injected water that
vaporizes also facilitates the dynamic stripping process. The benefit of
this design is a more uniform, hot temperature distribution throughout
the treatment volume, resulting in thorough contaminant mobilization
and capture at the MPE wells

Element 3: Continuous remote data monitoring of temperature using
digiTAM™ sensors will allow operators to respond in real time to
transient subsurface conditions. The data will be available on a
dedicated project web page.

Element 4: Dedicated multiphase extraction wells are used to capture
fluids for aboveground treatment and discharge. Compressed air
assisted vacuum-lift groundwater recovery tubes are operated at
sufficient extraction rates to maintain inward gradients for hydraulic
control, as water is injected to the electrodes and vaporized liquids
displace groundwater, and also function as a mechanism to capture
dissolved VOCs.

Element 5. Conductive heating will heat soil and/or rock to the
approximate target temperature up to 2-3 feet below the bottom of the
electrodes, creating a hot floor effect. This will prevent downward
migration of contaminants, as any immiscible mixtures of COCs and
water will be vaporized, creating a buoyant gas, which will migrate
upwards to the vadose zone (see Element 6).

Element 6: VOC vapors and steam are created at elevated
temperatures in the treatment volume. Sufficient local and
macroscopic connection of vapor pockets thus created causes bubble
and/or channel flow upwards towards the vadose zone and towards
extraction wells for capture. Continuous operation of the extraction
wells at sufficient vacuums will capture vaporized VOCs, soil gas, and
steam for pneumatic control.

Element 7: The electric field and current path between electrodes can
be controlled using Interphase Synchronization (IPS) and the electric
power input to the electrodes can be varied by operators using the
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Time-Distributed Control Mechanism (TDCM). These tools can help
promote the development of a more uniform temperature distribution
during ET-DSP™ operations, especially when spatial differences in
electrical, thermal and hydraulic properties are encountered within a
heterogeneous treatment volume.
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3 Remedial Approach

The delineated treatment volume at the site will be targeted with a
combination of ET-DSP™ and MPE. The design is based on
fundamental physical and thermodynamic principles, lessons learned
from previous projects, the site conceptual model, the resistivity of
soils from the site, sampled at varying depths, and analyzed in the Mc?
thermal laboratory, the ET-DSP™ numerical simulation, and the
remedial objectives outlined in Section 1.3.

3.1Design Support

Test borehole data, historic site use information, and groundwater
concentration and flow rate data were presented by CH2M, based on
previous drilling investigations, monitoring well installations, and
hydraulic tests. A brief overview of these site characteristics was
presented in Sections 1.1, 1.2, and 1.3. A numerical simulation of the
ET-DSP™ application, using a three dimensional finite difference
multiphase heat transfer model, was performed by Mc? with site-
specific parameters to inform the design of the ET-DSP™ system.

An important parameter that governs the electrical resistance heating
component of the ET-DSP™ heat transfer process is the electrical
resistivity of the soil. Seventeen soil samples from the site, collected at
various depth intervals within the proposed treatment volume, were
evaluated using static (i.e., constant temperature) and dynamic (i.e.,
variable temperature) resistivity tests in the Mc? thermal laboratory.
These resistivity test results were in turn used to determine the
general power requirements during ET-DSP™ operations and the
temperature dependence of the soil resistivity, respectively. The
Resistivity Report can be found in Appendix B. The average static
resistivity of the samples ranged from 16.4 to 82.0 ohm-meters (22-m).
Results from the dynamic resistivity test indicated a decrease in
resistivity by a factor of approximately 2.02 as temperatures increased
from ambient to near-boiling conditions. Note that the soil samples
were saturated with approximately 62 milliliters (mL) of site
groundwater for the dynamic test.

3.2Remedial Components

The design elements for the thermal remediation of the site are
presented in Table 4. Key features are summarized as follows:

1. Twenty-two (22) electrode wells with two (2) ET-DSP™ electrodes
per well, for a total of forty-four (44) ET-DSP™ electrodes;

2. Fifteen (15) vertical MPE wells, screened from 2 ft. BGS (above the
groundwater table) to 31 ft. BGS.
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3. Four (4) shallow horizontal vapor extraction wells, each with a 25 ft.
screen interval installed at 1 to 3 ft. BGS.

4. Seven (7) sensor wells for data acquisition and monitoring. Each of
the wells will have eleven (10) digiTAM™ sensors embedded at 3 ft.
intervals, for a total network of seventy (70) temperature
measurement devices.

Actual system components were adjusted during the installation to
match the following field conditions: groundwater was encountered at
depths ranging from approximately 1 to 3 ft. BGS and the underlying
shale formation was encountered at depths ranging from 26.5 to 29 ft.
BGS during the drilling program. Section 3.4 provides a detailed
description of how the design was adapted to accommodate field
conditions.

The MPE wells will be used to extract vapor, liquid and dissolved
phase VOCs. The use of separate, shallow horizontal vapor extraction
wells is expected to allow application of greater pneumatic control in
the vadose zone for VOC capture. Extracted fluids will be directed
towards an aboveground treatment system, which is specifically
designed for the COCs, emissions requirements, and flow rates
anticipated for thermal treatment at the site. The treatment system
equipment will include a phase separator, air stripper, vacuum blower,
air compressor, and a cooling tower, as well as vapor-liquid
separators, holding tanks, bag filters, carbon vessels, pumps, air
filters, and heat exchangers.

3.3Technical Design Summary
A synopsis of the technical ET-DSP™ design is presented in Table 4.
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Table 4: Project Technical Design

Comments

Site Characteristics

Item Units
Treatment Area [ft2] 3,661
Heated Volume [yd3] 5,444
Deep Extent of Treatment [ft. BGS] 30
Shallow Extent of Treatment [ft. BGS] 0
Depth to Groundwater [ft. BGS] 1-3
Contaminants of Concern VOCs
Mass Estimate [lbs.] 100
Remedial Goals [ug/L] Variable
Soil Resistivity (ohm-m) 16.4-82.0

Approximate; scaled from a figure provided
Thermal influence x depth interval

As per drilling reports

Treatment assumed close to surface

As per field reports

Primarily 1,1-DCA, chloroethane, 1,1,1-TCA,; refer
to Table 1 for detailed concentration information

Preliminary mass estimate
Refer to Table 1 for COCs and performance goals

As per Mc?s Resistivity Report

Remedial Approach

ET-DSP™ Electrode Locations 22
Power Delivery Systems [kVA] 2x1,330
digiTAM™ Temp. Sensors 70
Electrode Spacing [ft.] 18.5
Bottom of Electrodes [ft. BGS] 26.5-31
Top of Electrode [ft. BGS] ~4
Target Temperature [°F] ~212
Vapor/Liquid Extraction Wells 15+4
Vapor Recovery Air Flow [scfm] 139
Vapor Treatment Method VGAC
Liquid Treatment Method AS/LGAC
Vapor Cap [ftz] 6,480

8" OD, 2/boring, ET-DSP™ HT design, 10’ long,
(unless this length was restricted by encountered
shale)

Web power control, 480V primary, multi-tap sec.

7 strings, 10 temperature sensors at 3’ intervals

Based on expected resistivity, electrode layout, and
performance goals

As per drilling reports
Conductive heat transfer above

Avg. in treatment zone, steam stripping of COCs

4" SS304 cont. wire wrap well screen, 0.006” slot
size, C/W slurper tubes, 4 horizontal wells set at
approximately 1-3 foot BGS

9.28 SCFM per extraction well
Dependent on mass & abatement requirements
Air stripper, granular activated carbon

Cellular concrete type, approximately R6

Summary Information

Cumulative Power Input [MW-Hr] ~1,281
Electrical Power Input [kW] ~297
Water Demand [GPM] 0
Time to Target Temp. [days] ~60
Project Duration [days] 180

Cumulative estimate based on 315 kWHr/yd3
Avg. for project duration ~ 6.74 kW per electrode
~0.1 GPM/electrode, Re-circulation design
Approximately

Base case for expected conditions
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3.4Subsurface Design

3.4.1 Target Zones

The areal extent targeted for heating corresponds to the horizontal
placement of the ET-DSP™ electrodes shown in the well field layout
details (WFL-01, Appendix C), which encompasses the treatment
area suggested by CH2M Hill. The depth interval targeted for heating
corresponds to the vertical placement of the ET-DSP™ electrodes
shown in the well construction details (WCD-01, Appendix C), which
ranges from a shallow extent (depending on location) of 3 to 5 ft. BGS
to a deep extent (depending on location) of 26.5 to 31 ft. BGS.
Substantial heat transfer is expected to extend approximately 3 to 5 ft.
above and below the ends of each electrode.

3.4.2 Electrodes

A total of 44 electrodes were installed in 22 boreholes with electrodes
installed to variable depths (averaging approximately 28 ft. BGS),
depending on where the underlying shale was encountered. The
electrodes are configured as shown in the well field layout (WFL-01,
Appendix C) and constructed as shown in the electrode well
construction details (WCD-01, Appendix C). Design criteria and
installation details for each electrode well are displayed in Appendix
D. The electrodes spacing varied, but was on average 18.5 ft. apart in
a repeating triangular pattern.

Calculated power densities presented in the Thermal Model report
indicate that the average power during ET-DSP™ operations will be
approximately 297 kilowatts (kW) (6.74 kW per electrode). Peak
electrode power is expected to be 499 kW (11.35 kW per electrode).
The electrode power levels will be optimized during operations
according to the rate of temperature increase observed in the
subsurface. Once the target temperature is achieved in an area, the
electrodes can be placed into a maintenance mode, during which the
power is reduced while the achieved temperature is maintained.

3.4.3 Extraction Wells

A total of 15 vertical MPE wells, complete with compressed air-
assisted vacuum-lift groundwater recovery (i.e. slurper) tubes, and 4
horizontal shallow soil vapor extraction (SVE) wells, were installed
throughout the treatment volume. The extraction wells are located as
shown in the well field layout details (WFL-01, Appendix C). The
vertical MPE wells were designed as shown in the well construction
details (WCD-01, Appendix C), but field conditions permitted
installation of sumps in only one well. The remainder of the vertical
MPE wells were capped on the bottom with no sump. All wells are
screened from 3.0 ftt BGS to a depth that corresponds with
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encountered shale rock (27-29.7 ft. BGS). The horizontal SVE wells
were installed below the vapor cap, with a total screened length of 25
ft. at depths of 1-3 ft. BGS. These are constructed as shown in
drawing TD-01 (Appendix C). Design criteria and installation details
for each MPE extraction well are displayed in Appendix D.

The total design vapor recovery airflow is 139 SCFM from the well
field. The MPE wells are designed for vapor capture, to be operated at
12 in. Hg, and are anticipated to have a maximum radius of capture
greater than 15.5 ft., in order to ensure complete vacuum influence
over the entire treatment volume. At boiling temperatures, steam
generation is anticipated to increase the secondary permeability of the
formation, leading to increased vapor flow.

3.4.4 Sensor Wells

Sensor wells will be used to monitor subsurface temperature and
groundwater levels within and around the treatment volume.
DigiTAM™ temperature sensors will be installed in the seven sensor
wells. The sensor wells are configured as shown in the well field layout
drawing WFL-01 (Appendix C) and constructed as shown in the well
construction drawing WCD-01 (Appendix C). Temperature contour
plots generated from the digiTAM™ data can be used to assess the
relative magnitude of the various subsurface heat transfer processes,
which in turn can inform operators of potential adjustments to the
WCS, TDCM settings, or other ET-DSP™ components.

DigiTAMs™ are integrated with the Mc? onsite local area network
(LAN) and will be monitored as part of the overall data acquisition
strategy for the thermal project.

3.5Above Ground Design

3.5.1 Extraction System

Compressed air assisted vacuum-lift groundwater recovery (i.e.
slurper) tubes will be used for the extraction of groundwater. The liquid
extraction rate for the ET-DSP™ component of the system is expected
to be 4.51 GPM, providing an extraction/injection ratio of 1.025.
Recovered groundwater flow from the vacuume-lift tubes will depend on
and be regulated by the intake depth below the water table, the
compressed air supply rate, the compressed air supply frequency, and
the compressed air supply pressure. Extraction rates at individual
MPE wells will vary over the course of thermal treatment, in particular
as phase change and pneumatic fracturing in lower permeability
media occurs.

The extraction system will use a high capacity, high vacuum pump
(blower) to provide the driving force for vapor extraction and
groundwater/soil vapor conveyance through the piping network to the
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treatment system. This blower will be capable of providing both high-
flow, low vacuum, and low-flow, high vacuum conditions using suitable
flow control valves. The vapor recovery line for the vapor extraction
piping will connect to the primary liquid/vapor knockout tanks and heat
exchangers to capture entrained liquids and condensate before being
moved to the vapor treatment side of the treatment system.

3.5.2 Treatment System

The treatment system is designed to process two flow streams: (1)
vapors and entrained liquids; and, (2) groundwater. The process flow
diagram (PFD) is presented in M-1 (Appendix E), and the piping and
instrumentation (P&ID) diagrams are presented in M-2 through M-6
(Appendix E). The presented treatment system may change if
required to meet operational requirements.

A high-capacity, high-vacuum blower will be used to extract volatilized
vapors and steam from the MPE wells. The extracted vapors will be
piped back to the treatment system via a common header and will first
pass through a liquid-vapor knockout tank to separate any silt and
liquid (i.e. condensate) from the vapor stream. The vapors will then
pass through heat exchangers to reduce temperature and a second
liquid-vapor separator to extract additional condensate formed due to
cooling in the heat exchangers. Following liquid removal, vapors will
be drawn through the vacuum blower, undergoing a temperature rise
in the process, and will therefore pass through a final heat exchanger
to reduce the vapor temperature to an acceptable level for efficient
COC adsorption using a sacrificial granular activated carbon (GAC)
system.

Extracted groundwater from the MPE wells along with condensate
collected in the knockout tanks will be pumped into a liquid phase
separator vessel. Accumulated light non-aqueous phase liquid
(LNAPL) and/or dense non-aqueous phase liquid (DNAPL) will be
periodically gravity-drained into storage tanks for offsite disposal.

Water from the phase separator will be pumped to an air stripper and
then passed through a liquid GAC system. The treated water will be
pumped into an equalization tank, from which the water will then be re-
used as injection water for the site or stored onsite in a 21,000 gallon
holding tank for shipment offsite. The air stripper vapor stream will be
discharged to the atmosphere.

3.5.3 VOC Releases and Removal Efficiency

It is estimated that 90% to 95% of the mass removed from the
subsurface will be in the vapor stream and will be treated using the
regenerative carbon unit. Removal efficiency from the vapor stream is
expected to be greater than 95%.
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The groundwater flow and vapor condensate streams will be treated
with an oil/water separator and an air stripper. The air stripper will
remove most of the dissolved contamination; and a secondary
treatment with liquid granular activated carbon system will also be
employed to achieve municipal discharge criteria. The removal
efficiency for this process is expected to be greater than 95%. The
percentage of mass that will be removed as dissolved contamination is
expected to be less than 10% of the total mass.

All tanks containing VOCs or untreated water will be held under
vacuum to control fugitive emissions. A line from the knockout tank will
be connected to all treatment tanks through a vacuum regulator and
vacuum relief valve, to prevent any VOC vapors from escaping. All
tanks will also have individual vacuum relief valves as a safety
precaution. Additionally, all valves, flanges, and pipe joints shall be
monitored periodically via use of a handheld Photo lonization Detector
(PID) during routine inspections to monitor for fugitive VOC emissions.

3.5.4 Injection System

Water will be injected at each electrode to enhance convective heat
transfer within the treatment volume, mitigate the dipole effect, and
maintain liquid contact at each electrode surface in order to avoid
breaking the electrical circuit. Each electrode will be equipped with
both top and bottom water injection lines, which will deliver water from
the WCS units to the subsurface through laser-cut injection slots. The
shallow electrode in each borehole will be equipped with a water
return line — which has a spring check valve to prevent back flow — to
prevent overpressure conditions as needed. The average total
injection rate for all electrode locations will be 4.4 GPM (average of
0.1 GPM per electrode), and is expected to be variable during
operations.

In the event of resistive conditions in the subsurface, a potassium
chloride (KCI) solution may be injected via the WCS units. This will
increase the electrical conductivity of the subsurface (in accordance
with Archie’s Law), which in turn increases the power density of
electrical resistance heating dissipated in the subsurface (e.g., McGee
and Vermeulen, 2007). If injected, KCI concentrations must be below
drinking water standards and/or state permissible levels. Based on the
electrical profiling results, it is not anticipated that KCI injection will be
required.

3.5.5 Utility Requirements

Results from the numerical simulation suggest that the cumulative
energy input to the electrodes will be approximately 1,281 MWHTr. The
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power requirement will be satisfied by one three-phase 1,500 kVA
(Kilo-Volt-Ampere) service located on the north side of the treatment
area. A utility-supplied transformer with a 480/277 Volt (V) Wye
secondary will provide the service from a new 3-phase power pole
located at least 25 ft. from the nearest electrode. Note that all earth-
grounded electrical equipment, including the transformer and power
distribution panel (PDP), are to be located at least 25 ft. from the
nearest electrode. A detailed description of the electrical requirements
is presented in the single line electrical drawing ESL-01 (Appendix
Q).

The treated extracted water is expected to satisfy requirements of the
WCS units and ET-DSP™ electrodes, but if not, demand will be met
by municipal city water, which is provided by a neighboring property.
An average water usage rate of 4.4 GPM for the electrodes is
anticipated over the 180 days of operations, resulting in a total water
requirement of 1.14 million gallons of water. Total water extracted over
the period is expected to be 1.17 million gallons of water, assuming an
extraction/injection ratio of 1.025, resulting in a total volume to be
discharged offsite of less than 29,000 gallons of water. These
estimates do not include blow down water or other incidentals (wet
test, startup and decontamination), and will be modified and controlled
during operations based on subsurface behavior. Potable water will
also be used for make-up water to the electrodes and for treatment
system wet testing during startup. An onsite potable water supply line
has been tapped and metered from a neighbor on the west side of the
property, and a backflow preventer will be installed within the
treatment building. This water supply will supplement the WCS feed
lines.

3.5.6 Telecommunications

The telecommunications system that will be used includes a LAN at
the site for real-time data communications. A high-speed Internet
connection for offsite data transfer and remote control of the system
by Mc? will be installed. A minimum 300 kilobits per second (kbps)
download and upload speeds are required. Onsite personnel will
require mobile phones to communicate with Mc? project staff.

3.6Controls & System Monitoring

Monitoring of the treatment system is accomplished through
automated and manual system checks. The treatment system will be
equipped with liquid level sensors to activate pumps and trigger
alarms in the event of high and low liquid level conditions. The
discharge holding tank will have a high-high level sensor to shut down
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the system to prevent an overflow of the tank. The oil/water separator
will also have a high-high level sensor that will shut down the system
to prevent an overflow. The knockout tanks will have high-high, high,
low, and low-low level switches to control and protect the transfer
pumps and prevent an overflow of the oil/water separator.

In the event of a treatment system shutdown, operations personnel will
be alerted via automated call-out, email, or text message to their cell
phones.

3.7Sampling and analysis

Vapor samples will be collected at the blower outlet, between each
vapor GAC unit, and the treatment system outlet, and screened using
a PID. In addition, vapor samples will be collected at specific locations
along the treatment train at periodic intervals for analysis by United
States Environmental Protection Agency (USEPA) Method TO-15. The
PID measurements will be calibrated to the analytical vapor
measurements and both data sets will be used for the quantification of
mass removal, carbon bed mass loading, and mass discharge to
atmosphere.

Liquid samples will be collected at the inlet of the air stripper and
between each liquid GAC unit and analyzed by USEPA Method 8260.
These samples will be taken at periodic intervals. Effluent
concentrations will be used for the quantification of mass removal,
carbon bed mass loading, mass discharge to the atmosphere, and
mass transfer offsite.

The sampling procedures and safety precautions will be outlined in the
Operations and Maintenance (O&M) Plan. CH2M Hill will perform
confirmation sampling of the treatment area at the end of operations.
Additional sampling will be required if operations are extended.

A number of other process and well field parameters will be monitored
during system operations. A summary of the data collected and the
frequency of that collection is presented in Table 5. Note that Mc? and
the ET-DSP™ operator will agree upon a reasonable schedule to
collect the manual readings as the project progresses.
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Parameter

Location

Table 5: Monitoring Summary

Frequency

Pressure E);t;?)%tred MPE wells Vacuum gauge (manual) 3 x weekly
Pressure Soil Sensor wells Vacuum gauge (manual) Biweekly
Hourly
Temperature Soil Sensor wells DigiTAM™ (automatic) (averaged
daily)
Temperature Extracted MPE wells Temperature gauge 3 x weekly
vapor (manual)
Flow ST Vapor treatment system PSRRI PR 3 x weekly
vapor (manual)
Treatment Groundwater pumpin
Volume system pumping Flow totalizer (manual) 3 x weekly
from wells
water
Volume lf2eiizi EIFEIREE TEDm ey Flow totalizer (manual) 3 x weekly
water (potable)
Injection
Volume water Electrode injection WCS (automatic) Hourly
(by water
electrode)
Volume IEEE Tre_ated e Flow totalizer (manual) 3 x weekly
water discharge
Power Soil Electrodes PDS (automatic) Hourly
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4 Construction Activities

Field construction will include the installation and/or performance of:

« ET-DSP™ electrodes;

» Vertical MPE wells;

* Horizontal SVE wells;

e DigiTAM™ sensor wells;

» Treatment system piping and hoses;

» Electrode lead wire, hose, and communication cable;
» Treatment system equipment;

» Power connections to the PDS and WCS equipment;
» Power connections to the ET-DSP™ and treatment equipment;
» System acceptance testing; and,

* Wet testing the treatment system prior to startup.

Mc? and MK Environmental construction personnel will oversee these
subcontracted construction activities and provide both construction
oversight and construction management services.

4.1 Staging Equipment & Supplies

All equipment and supplies used during the construction of the
treatment system will be staged in a secure manner. The PDS and
treatment systems will be located within a secured area. The lifting
details for the ET-DSP™ equipment can be found in the Mc? Lifting
Plan (Appendix F).

The approximate layout of the treatment system, PDS units, and WCS
units are presented in the well field layout details (WFL-01, Appendix
C). The most efficient placement of the PDS and WCS units, such that
hose and wire runs are minimized, will be confirmed during equipment
off-loading. Mc? equipment cut sheets are presented in Appendix G.

4.2 Subsurface Construction

4.2.1 Drilling Program

Vertical holes were drilled using the auger drilling method. This
method was chosen because an auger drilling contractor (Paratt-
Wolff) already had access to the site and knowledge of site lithology.
Horizontal SVE wells were trenched and backfilled. The drilling
program is detailed in Table 6. All drilling and construction waste was
appropriately containerized for onsite storage in roll-off bins prior to
offsite disposal.
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Table 6: Drilling Program Details

Average

Depth Boring Total Approximate
Quantity (Lenp th) Diameter Depth Drilling
9 (in) (ft.) Waste (ft%)
(ft.)

Electrode 29 28 16 616 860 To accommodate 8

Boreholes electrode
Vertical MPE 15 o8 10 420 229 To accommodate _1.5

Boreholes carbon steel casing

Horizontal 1.5 x2 To accommodate 2"
SVE Trench 4 25 trench 100 300 fiberglass screened pipe

— —_— ,,
digiTAM < o8 4 196 17 To accommo_date 1
Boreholes carbon steel riser pipe
Total 48 N/A N/A 1,332 1,406

4.2.2 Underground Utilities

The site has a natural gas line, estimated to be 8-inch diameter,
running along Walden Avenue. The treatment area also contains SVE
pipes constructed of polyvinyl chloride (PVC) that have been
abandoned according to the New York State Department of
Environmental Conservation’s  Groundwater  Monitoring ~ Well
Decommissioning Policy (NYSDEC, 2009).

4.2.3 Electrode Wells

Electrode boreholes are 16 inches in diameter and were drilled using
the auger method. Two (2) ET-DSP™ electrodes weighing
approximately 100 pounds (Ibs.) each were installed in each borehole
at 22 locations. While the design calls for electrodes 10 ft. long by 8
inches in diameter and the bottom of the deeper electrode to be
installed at approximately 30 ft. BGS, the shale rock underlying the
treatment volume was encountered at shallower depths in the field,
limiting the installation depths. The design was amended with shorter
electrodes, preserving the spacing between electrodes. Design
criteria and installation details for each electrode well, including
electrode length, are displayed in Appendix D. The boring depth was
originally to extend to 31.5 ft. BGS, but was completed at shallower
depths as noted above. Sand was used to backfill the annulus of each
electrode. The backfill between the electrodes consisted of sand
(10/20 silica sand or equivalent) up to the top boring plug, itself
consisting of a fine sand seal (40/60 silica sand or equivalent) and
neat cement grout able to withstand elevated temperatures, finished to
ground surface (high temperature Portland Type I/l or equivalent).
Additional electrode construction details are presented in drawing
WCD-01 (Appendix C).

The electrodes were manufactured with silicone rubber-fiberglass
braid-fluorinated ethylene propylene (FEP) tube jacket cable. All
electrode cables have been run on the surface from the PDS units to
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the electrode borehole locations under the piping network. The
electrodes were each equipped with a top and bottom water injection
hose. These hoses are connected at the surface through tee fittings to
a 3/8-inch general-purpose water conveyance hose.

4.2.4 Vertical Extraction Wells

The vertical MPE well boreholes are 10 inches in diameter and were
drilled using auger methods. These wells consist of 4-inch diameter,
continuous wire wrap, 0.010-inch slotted 304 stainless steel screen.
The screened interval varied from well to well. While the top of the
screen was consistent at 3 ft. BGS, the bottom of the screen ranged
from 27 to 29.7 ft. in depth. Similar to the electrode drilling, shale
bedrock was encountered below this depth. In order to correct for
shallow depths, screen lengths were adjusted in the field. Design
criteria and installation details for each extraction well, including
screen interval, are displayed in Appendix D. A silica sand filter pack
(40/60 or equivalent) was installed in the annular space around the
well screen. The boring was finished to ground surface with
approximately 2 ft. of neat cement grout above a 0.5 ft. fine sand seal
(40/60 silica sand or equivalent). A 1 ft. sump was to be installed
below the screen of each extraction well to prevent sediment from
being drawn into the treatment system, and where depth allowed, this
was accomplished; otherwise a carbon steel cap was placed at the
end of the screen. The top of the carbon steel riser pipe was
completed with a 4-inch male National Pipe Thread (NPT) connection.
Each extraction well was fitted with a wellhead, which in turn was
connected to a pipe network for conveyance to the treatment system.
Vertical MPE well designs are detailed in drawing WCD-01 (Appendix
Q).

Each MPE well will each be equipped with a 1 inch outside diameter
(OD) crossed-link polyethylene (PEX) downhole compressed air-
assisted vacuum groundwater recovery tubes (i.e., slurper tubes). The
compressed air line will be a 74 inch OD polytetrafluoroethene (PTFE)
tube internal to the PEX tube. A main vacuum blower will apply
vacuum to the wellhead in the aboveground treatment system. Each
wellhead will be equipped with a temperature gauge, a vacuum gauge,
and a sample port/bleeder valve. Detailed wellhead and slurper tube
design drawings are presented in drawing WHD-01 (Appendix C).

4.2.5 Shallow Horizontal SVE Wells

The shallow horizontal SVE wells are 2 inches in diameter and
trenched to approximately 1-3 ft. BGS. These wells will consist of 2-
inch diameter fiberglass cut with a 0.010 inch slotted screen. The
screened interval is 25 ft. long, at a depth of 1-3 ft. BGS. A 6-inch
sand filter pack (10/20 or equivalent) was installed in the trench space

February 24, 2015 McMillan-McGee Corp.
APEGA Permit to Practice: P09178 ET-DSP™ Remedial Design Report



CH2M Hill - Depew, New York 22

around and above the well screen. The trenching was completed with
6 inches of vapor cap material to prevent short-circuiting during
operation. The top of the fiberglass riser pipe will be complete with a
2-inch male NPT fitting, which in turn will connect to a wellhead. A
main vacuum blower will apply vacuum to the wellhead in the
aboveground treatment system. Each wellhead will be equipped with a
temperature gauge, a vacuum gauge, and a sample port/bleeder
valve. Shallow SVE well designs are detailed in drawings TD-01 and
WHD-01 (Appendix C).

426 Sensor Wells

Installation of digiTAM™ sensors was performed in conjunction with
the installation of the electrodes and extraction wells. The temperature
sensor (digiTAM™ string) is a 0.5-inch diameter PTFE tube with digital
sensors embedded at 3 ft. depth intervals, housed in a watertight 1-
inch copper drop tube. The wells consist of a 1.5-inch carbon steel
casing and end cap, which houses the digiTAM™ strings. Neat
cement grout was used to fill the annular space around the sensor well
carbon steel casing. Sensor well construction drawings are presented
in drawing WCD-01 (Appendix C). Sensor wellhead details are
presented in drawing WHD-01 (Appendix C).

The Cat5 communication cable for each digiTAM™ unit was
connected to the sensor string through a junction box and brought
back to a remote box located in the well field. Up to 36 digiTAM™
units can be connected to each remote box.

4.2.7 Piping Systems

Aboveground extraction system piping will be installed and connected
to the extraction wellheads. Separate pipe and hose networks for (i)
extracted fluids, (ii) compressed air, (iii) WCS water, and (iv) electrode
over-pressurization fluid returns will be installed throughout the well
field and connected the treatment system components. Each of these
pipe networks will be thermally and electrically isolated during
operations.

The main multiphase extraction vapor/liquid header into the treatment
system will be constructed of steel pipe, and will split into smaller
laterals that are connected to the wellheads. Extraction pipes will be
sloped at an approximate 1° angle towards the treatment system in
order to facilitate the gravity drainage of recovered groundwater. The
extraction header piping will rest on wooden supports for electrical
isolation, and electrical cables and hoses will run underneath and
along side these supports. Various hoses will also run on these
supports to supply compressed air to the slurper tubes, supply water
to the WCS units, and allow electrode injection water to return to the
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treatment system in the event of over-pressurization. The placement
of the piping network is shown in Drawing WFL-01 (Appendix C).

The MPE wellheads will each have three lateral connections to the
treatment area headers: (i) a 2 inch OD high temperature vacuum
hose for the vapor stream, (ii) a 1 inch OD PEX tube for the recovered
groundwater stream and (ii) a Y2 inch OD PFTE tube for the
compressed air stream internal to the 1 inch PEX tube. Each
connection point will have a ball valve to adjust the liquid, vapor and
compressed air flow rates. All manifolds on the lateral piping will be
complete with cam and groove fittings to facilitate maintenance and
breakdown of the piping network. Refer to Drawing WHD-01
(Appendix C) for extraction system connection details.

4 .3Above Ground Construction

4.3.1 Aboveground Utilities

Overhead electrical and telephone lines run along the North West
edge of the site, parallel to Walden Avenue, on utility poles. During
drilling, care was taken to remain at least 10 ft. from any overhead
lines, or as otherwise specified by the local jurisdiction.

4.3.2 Vapor Cap

A vapor cap insulates against heat loss through the ground surface,
isolates aboveground components from electric potentials induced in
the subsurface, prevents fugitive vapor emissions, reduces
atmospheric air from being drawn into the extraction wells and limits
heat loss associated with groundwater recharge in the vadose zone.
This feature is necessary in order to create and maintain high
temperatures in the vadose zone and prevent condensation of
vaporized VOCs.

The vapor cap for the Site consists of an insulating, cellular concrete
with an approximate minimum thickness of 6 inches. This
corresponds to an approximate insulating value of R-6.

4.3.3 Power Supply

A detailed description of all power supply connections, cable runs, and
specifications can be found in the electrical single line diagram (ESL-
01, Appendix C). Mc? will coordinate with a local, licensed electrical
contractor to perform the appropriate electrical connections upstream
of the ET-DSP™ electrodes.

4.3.4 ET-DSP™ Neutral Connections

All extraction wells will be fitted with electrical lugs on the bottom
flange plate of the wellhead where a 1/0 bonding wire will be attached.
Bonding wires from up to eight extraction wells will be connected
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together in a daisy chain using split bolts and a single wire will be
brought back to the PDS unit to connect to the ET-DSP™ neutral. The
groups of extraction wells that will be connected together will coincide
with the groups electrodes that are connected to each PDS unit, such
that specific areas can be isolated while other areas continue to
operate.

Aboveground structures such as PDP, treatment system, and PDS
units will be grounded using grounding wire. This network will be
connected to the utility ground and will be brought back to the
transformer where the utility is connected. The WCS is bonded to the
associated PDS unit using a 2/0 grounding wire. All equipment in or
near the well field will be placed on wood or concrete blocks or
otherwise isolated. The ET-DSP™ neutral is separate from the utility
ground. This creates an independent return path for the input energy
back to the energy source as a means to control power delivery.

4.3.5 Treatment System

The liquid treatment system equipment will be skid-mounted with
secondary containment in the skid. This secondary containment will
have a high level sensor in the holding tank to shut down the system if
a leak is detected. Additionally, all transfer hoses with unprocessed
liquids will be double contained (primary with sleeve).

Once the treatment system is staged at its designated location, a short
section of pipe will be installed from the end of the extraction system
header to the primary liquid/vapor separator. The treatment system
equipment will arrive with the controls described earlier pre-installed.
After completing all piping connections, the liquid treatment system will
be pressure tested at 60 pounds per square inch (PSI) for 30 minutes.
Additionally, a wet test of the treatment system will be completed prior
to startup to ensure proper operation of all treatment system
equipment and controls.
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5 Operational Strategy

5.10perations and Maintenance Plan

The operational schedule for the anticipated stages of initial heating,
maintaining target temperatures, pressure cycling and cool down is
described in the O&M Plan. The O&M Plan also contains details
regarding startup procedures, operations and maintenance
procedures, and specific health and safety precautions.

5.2Hydraulic and Pneumatic Control

Controlling potential migration and/or redistribution of COCs will be
achieved by maintaining a sufficient vacuum and hydraulic control
within the treatment volume. Hydraulic and pneumatic control will be
established through the extraction of subsurface fluids at sufficient
rates, and monitored throughout the ET-DSP™ application with
vacuum pressure gauges and flow totalizers. A ratio of extracted
liquids to injected water must be greater than unity in order to maintain
hydraulic control.

Groundwater table elevations can be measured at the extraction wells
using a water level tape, while the electrodes are turned off, in order to
ensure that inward hydraulic gradients are maintained throughout the
treatment volume.

5.3Health & Safety

Safety is of paramount concern during all phases of this remediation
project. Mc? will prepare a comprehensive Health & Safety Addendum.
This plan includes provisions for the strict adherence of safety
standards and controls during drilling, construction, and operations.
This will ensure that the potential for exposure of personnel to hazards
and unsafe conditions is minimized.

Appropriate signage will be placed throughout the site and on the
perimeter fence. High voltage zones, hot surfaces and process tanks
will be appropriately labeled and placarded.
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6 Performance Monitoring

Performance monitoring will include extraction and treatment system
parameters, ET-DSP™ parameters, pressure and temperature.

6.1Subsurface Monitoring

Continuous monitoring of site operations will be conducted to ensure
that hydraulic and vapor capture are maintained, over-pressurization is
prevented, and operational temperatures are achieved and
maintained. Vapor pressure gradients will be determined by manually
measuring the vadose zone pressure at extraction wells periodically.

Temperature monitoring will be achieved with 70 digiTAM™
temperature sensors deployed in 7 sensor wells. This high density of
temperature data will be logged in a database and used to visualize
subsurface conditions in thermal contour maps (e.g., Figure 2). Since
the vadose zone will act as a saturated steam system under operating
conditions, pressure in this zone will be a function of temperature (and
vice-versa). This concept allows for interpretation of subsurface
temperature data to provide supplementary subsurface pressure data.

Figure 2: Sample Subsurface Temperature Distribution Map

6.2 Treatment System Monitoring

Onsite personnel will monitor the remediation system during
operations. Site monitoring activities will be conducted at a reasonable
frequency agreed upon by Mc? and the ET-DSP™ operator. Further
details are described in the O&M Plan. Upon completion of each site
monitoring round, the information will be compiled into an ongoing
project database available from the project website. Contaminant
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mass removed from soil, volume of liquid removed, system runtime,
and subsurface vapor flow rates will be calculated manually using
analytical results, PID, and flow measurements taken at periodic
intervals.

6.3Temperature and Vacuum Monitoring

Subsurface temperatures and vacuum levels in the treatment volume
will be monitored using the digiTAM™ and extraction wells,
respectively. Vacuum data will be measured manually at each vapor
extraction point and recorded on the project website.

6.4Groundwater and Soil Sampling

Once asymptotic conditions are reached at the end of thermal
treatment operations, conformational post-treatment soil and/or
groundwater sampling will be performed by CH2M to assess COC
concentration and mass reduction.

6.5Data Collection and Management

Mc?'s electronic data collection and management system will transmit
data from addressed digital sensors located throughout the well field
and treatment area via a communication protocol to an onsite server.
The onsite server’'s database will function as the first storage location
for the collected data and will also act as the conduit for real-time
sensor data transfer to a central server located offsite for redundant
storage. All data will be transferred between the onsite and central
offsite servers over a secure Internet connection. The central server
will be used to provide immediate access to relevant data, which in
turn can used to calculate and render models of the thermal process
and process real-time data for visual presentation. The database may
be remotely accessed via the Internet.

6.5.1 ET-DSP™ Control Systems

The entire ET-DSP™ control system, including the WCS, will be
connected to a LAN that, in turn, is accessible over the Internet and
monitored via the project webpage. This will provide remote access
and control for Mc? operators who may be offsite during operations.

ET-DSP™ also utilizes TDC/IPS to control the power to individual
electrodes via proprietary computer controllers within the PDS units.
This method controls the sine wave of the three-phase power to the
millisecond such that each phase can be individually manipulated, and
can alter the phases of power applied to individual electrodes to re-
orient the flow of electric current between electrodes. For example,
should it become apparent that certain electrodes are in electrically
resistive zones, the power to the electrodes in these areas can be
increased with the TDC/IPS to encourage the development of a more
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uniform heating pattern. Additionally, the power delivery system
includes an assortment of voltage tap settings to further control the
heating process.
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This document contains information and data that is
confidential and has been made available to CH2M
Hill, to whom it is addressed strictly on the under-
standing that its contents will not be disclosed or
discussed with any third parties except for the indi-
vidual’s own professional advisers.

Disclaimer

In preparing this report, we have relied upon informa-
tion provided by you, the Client, and your represen-
tatives. This information has been accepted as rep-
resented without independent verification. We have
relied upon these representations as to the complete-
ness and accuracy of the data provided and that no
material changes have occurred or is expected to oc-
cur, from that which was projected in this report,
between the date the information has been provided
and the date of this report, and that no new informa-
tion has come to light that may result in a material
change to the findings contained herein this report.
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Nomenclature

Symbol Description
BGS Below Ground Surface
COCs Contaminant of Concern
CVOC Chlorinated Volatile Organic Compound
DCE 1,1-Dichloroethene
digiPAMT™ Digital Pressure Acquisition Module
digi TAMTM Digital Temperature Acquisition Module
DNAPL Dense Non-Aqueous-Phase Liquid
ET-DSPTM Electro-Thermal Dynamic Stripping Process
Mc2 McMillan-McGee Corp.
MPE Multiphase Extraction
NAPL Non-Aqueous-Phase Liquid
PDS Power Delivery System
SVE Soil Vapor Extraction
TCE Trichloroethene
UCL Upper Confidence Limit
VC Vinyl Chloride
VOC Volatile Organic Compound
Symbol Description
Used in Equations
Ae | Thermal Conductivity of the chemical [ W/m/°C]

table continued on next page
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continued from previous page

Symbol Description
Aw Thermal Conductivity of the Water [ W/m/°C]
Ar Thermal Conductivity of the Rock [ W/m/°C]
Aob Thermal Conductivity of the Overburden [ W/m/°C|
Aub Thermal Conductivity of the Under-burden [ W/m/°C]
p Electrical Resistivity [ Qm]
Ow Electrical Conductivity of the Water [S/m]
Agy Area Perpendicular to Ground Water Flow [m?]
he Electrode Length [m)]
K Hydraulic Conductivity [ft/day]
L. Electrode Length [m]
P, Initial Pressure [kPa]
R, Electrode Resistance
Se Chemical Saturation | - ]
Sy Gas Saturation | - ]
Sw Water Saturation | - |
T; Initial Temperature [°C|
Vguw Ground Water Flow Velocity [m/day]
a Cementation Factor in Archie’s Law | - |
a; Fit Parameters in a Cubic Fit of the Temperature | - |
ZBGS distance below ground surface [m]
Radius of Capture Equation
F vertical flow constant [ - |
C, Capillary number | - |
1, C2 Capillary number coefficient correlation constants | - |
dy, dsy Capillary number exponent correlation constants [ - |
d pore throat diameter [m]
Eo Eotvos number for channels with a square cross section
g acceleration due to gravity [m/s?|
H Thickness of heated volume [m]
h Characteristic height [m]
K k—values -]
kn Horizontal permeability [mD]
k, Vertical permeability [mD]
Te Radius of capture [m]
Tw Radius of extraction well [m]
a residual water fraction [ - |
Y surface tension of water [N/m]|
1 viscosity of water [Pas]
table continued on next page
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continued from previous page

Symbol Description
) porosity [ - |
p density of water [kg/m?|
T Tortuosity parameter | - |
Uy Average vertical discharge velocity [ m/s]
Uy Horizontal velocity of the liquid [ m/s]
Up Vertical velocity of the vapour [ m/s]
+ plus or minus
Symbol Description
Units of Measure
! attenuation factor
cm centimetre
h hour
in inch
kg kilo gram
yd? cubic yards
°C Degrees Celsius
°F Degrees Fahrenheit
ft feet
gpm gallons per minute
inHg inches of mercury
kg/m?3 kilograms per cubic meter
lbs pounds
mD millidarcy
m metre
m3 cubic meter
mm milli metre
mg/1 milligrams per liter
kW kilowatts
mmHg Millimeters of Mercury
% percent
s second
scfm standard cubic feet per minute
ng/kg micrograms per kilogram
ng/l micrograms per Liter
ng/m? micrograms per cubic meter
table continued on next page
Confidential Page 12 of 134 McMillan-McGee



Depew CH2M Hill

continued from previous page

Symbol Description

g/m? grams per cubic meter
nv microvolts

MW megawatt

Om Ohm meter
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Summary

The objective of the simulation study is to develop a subsurface model of the Former
Dowell Depew Facility in Depew, New York using an electro-thermal® process in conjunc-
tion with a multiphase extraction MPE system. The model will be used to determine
the basis for the system design and operating strategy of the two systems, specifically,
to address many of the design elements of a typical electro-thermal project as shown in

Figure 1.1.

The results of this model estimate the pertinent design characteristics of an electro-

thermal remediation project, such as:
1. Total energy input of 1,281 MW - h or 412 kWh/m? (315 kWh/yd?);
2. Total water extraction volume of 4,425,030 L (1,168,969 gallons);
3. Total water injection volume of 4,317,192 L (1,140,481 gallons);
4. Vapor extraction rate of 139 scfm ;

5. Time to reach target temperatures of 52 to 57 days;

"Electro-thermal processes are also commercially referred to in the industry as Electrical Resistance
Heating, (ERH) or the Electro-thermal Dynamic Stripping Process, ET-DSPTM,

14
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6. Peak temperatures are generally limited to the boiling temperature of water as a

function of depth and pressure in the soil?;
7. The anticipated contaminant mass recovery of 45 kg (100 lbs);
8. Electrode spacing of 5.639 m (18.50 ft); and,
9. A minimum extraction well spacing of 6.67 m (21.88 ft).

The site location is shown in Figure 1.2. The overall treatment area is approximately
340 m? and is shown in Figure 2.2. The vertical extent of the treatment volume may
vary as defined by the chemical distribution or the top of an aquitard. The treatment
area will be heated from about surface to an average depth of 9.45 m resulting in a
treatment volume of approximately 3,109 m? (4,066 yd®). The boundaries of the heated
volume extend to the extremities of the treatment volume. The results of the simulation

study are presently in chapter 3 and summarized in section 3.1.

2Water in the presense of chemicals will boil at the azeotropic temperature of the mixture, which can
be less than the boiling temeperature of water.
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Figure 1.2.: Areal view of the project site location.

The study resulted in a technical approach for this project with specific regard to the
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Figure 1.3.: Areal view of the Treatment Area.

following design issues:

Treatment Region Treatment is confined to the area defined by the distribution of
chemicals in the subsurface. The heated volume extends from surface to an aver-
age depth of 9.45 m BGS. The total treatment area is 340 m? (3,661 ft*) and the
treatment volume is 3,109 m® (4,066 yd?).

Vapor Cap The entire treatment area should be covered with an insulating material
with a minimum insulating value of R-6 vapor® . The cap enhances the systems
thermal efficiency by reducing the migration of cool vapor into the treatment

area during heating. It is needed to facilitate heating of shallow soils and ensure

3An insulating factor of was assumed in this study.
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mobilized constituents of concern (COCs) are captured and extracted from the

treatment area. The vapor cap extends 3 m outside of the thermal treatment area.

Electrodes The design simulation model calls for an electrode well configuration as
summarized in Figure 1.4. The well configuration is a function the thickness.
This design of electrode wells is needed to achieve target temperatures. All in
all there are 22 electrode wells with two electrodes in each well. The horizontal
spacing between electrodes varies slightly but on average is 5.639 m. The recom-
mended drilling method for the electrode wellbores is Sonic. The average power
per electrode is 6.74 kW over a project duration of 180 day, with an estimated
peak electrode power of 11.35 kW. The average water injection rate into each
electrode is 0.379 L/min. Should highly resistive soil be encountered electrolyte

can be injected into the electrodes to increase power to design levels.

Extraction Well The simulation study resulted in 15 extraction wellbores extending
through the treatment volume as shown in Figure 1.4. The extraction rate for each
well is easily determined by taking the total project extraction rate (17.07 L/min)
and dividing by the total number of wells with a result of 0.301 gal/min (1.138 L/min).
Though the extraction wells may be of different lengths, it was assumed that the
extraction per well is the same throughout the well field*. The estimated vapor
extraction rate per well for achieving mass recovery is 9.28 scfm with a total va-
por flow into the plant of 139 scfm . The maximum estimated vacuum needed to

achieve the vapor flow rates is 12 inches Hg.

Sensors To monitor temperature and optimize electric power input, the appropriate

number of temperature monitoring wells will be used.

Existing Infrastructure Remediation is to occur in an area of the site with existing

infrastructure and in an area with a residential community.

4Tt is a practical impossibility to monitor the extraction rate on a well by well basis with any degree
of accuracy during thermal operations.
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Electrical Properties Electrical properties of the soil are variable in the treatment
volume as there are different soil conditions present. The resistivity profile for
the site (and assumed for this numerical simulation study) is shown in Figure 1.5.
Average static electrical resistivity of the soil was assumed to be 32.71 Om and
ranges in value from 20 Qm to 80 Qm. The resistivity changes (approximately) by
a factor of 2.37 through the operating temperature range as was measured by the
dynamic resistivity tests at the McMillan-McGee thermal laboratory. The assumed
temperature dependence on resistivity is shown in Figure 1.6. Data beyond 88.1 °C

is extrapolated using methods developed by Chute and Vermeulen][3].

Water Table The depth to the water table is 0.30 m. For soil depths above the water
table, moisture content is critical to maintaining electrical conductivity. For soil
above the aquifer, treatability will depend on maintaining moisture content in the
soil during electro-thermal heating. The electrical properties measured during the
resistivity testing of vadose zone soil samples from the site, indicate that the va-
dose and saturated zone soil is conductive and suitable for electro-thermal heating
processes. Saline injection through the electrodes is likely not needed for this site,
but remains an option if necessary. It is also assumed that the ground water flow

velocity is negligible within the treatment volume®.

Simulation Study The optimization of the heating strategy and operations through
detailed data monitoring are to minimize the overall energy consumption of the
project while still achieving the clean up goals. The simulation study provides a

conservative (aggressive heating) estimate of the energy.

SEngineering controls maybe needed to mitigate groundwater flow in the surfical sand unit.
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Upper Electrode

Lower Electrode

Figure 1.4.: Electrode well design in the treatment volume.
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Figure 1.5.: Resistivity profile.
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Figure 1.6.: Temperature dependent resistivity mulitplier.
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Simulation Study

The input data are obtained from CH2M Hill with electrical profiling data obtained
from McMillan-McGee. Data not available from the client were obtained from the public

domain. An aggressive heating approach was taken in the preparation of the data file.

Figure 2.2 shows the ET-DSPT™ thermal treatment area. The scope of this simulation

study is limited to only the ET-DSP™ process within the treatment area.

2.1. The Site

2.1.1. Background Information

This simulation study is for the remediation of the Depew site in Depew, New York
14043 USA.

Site Description

The Depew project is located at 3311 Walden Avenue in the Village of Depew, New

York. In summary;

1. The site is in a mixed residential and industrial/commercial area. A neighborhood
and a recycling facility are located adjacent to the site on the north side of Walden

Avenue.

24
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2. As shown on Figure 2.1, the entire site covers approximately 5260.91 Cm (1.8

acres).

3. The property is currently vacant, and the ground surface consists primarily of

gravel and grass with small- to medium-sized trees on portions of the site.

4. A 1.83 m (six foot) high chain-linked fence with a locked entrance gate along

Walden Avenue provides security for the site.
5. The thermal treatment area is shown in Figure 2.2.

Activities at the site included servicing industrial facilities and limited oilfield-related
projects. Various industrial cleaning and oilfield-related chemicals were stored on-
site and transferred into tank trucks for use at different job sites. Figure 2.1, shows
the former onsite building structures: (i) two-story office building, (ii) chemical stor-
age building, (iii) one-story office/maintenance shop, (iv) an acid plant, (v) bulk ce-
ment plant, (vi) cement silos, (vii) 8,000-gallon diesel aboveground storage tank (AST),
(viii) 1,000-gallon gasoline underground storage tank (UST) with dispenser, (ix) mud
separator, (x) oil/water separator, and a (xi) hydrochloric acid above ground storage
tank.

In the late 1980s, operations at the site were discontinued, and the facility was perma-
nently closed. Building structures were demolished during the 2003 to 2004 remedial
action (RA), and the site has since been inactive (URS 2011).

A summary of the site conditions are:

1. The chemicals of concern are listed with the primary constituents being (mainly
VOC DNAPL’s) The 14 VOCs listed in the statement of work are:

a) 1,1,1-trichloroethane (1,1,1-TCA),
b) 1,1-dichloroethane (1,1-DCA),
c¢) 1,1-dichloroethene (1,1-DCE),
d) 1,2-dichloroethane (1,2-DCA),

e) total 1,2-dichloroethene (1,2-DCE),
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f) acetone,

g) benzene,

h) chloroethane,

i) cis-1,2-dichloroethene (cis-1,2-DCE),
j) ethylbenzene,

k) tetrachloroethene (PCE),

1) trichloroethene (TCE),

m) vinyl chloride, and

n) total xylene.

2. The deepest extent of the treatment volume is approximately 9.45 m (31.00 ft)

BGS with the shallow extent at just below ground surface.
3. Groundwater flow velocities are not reported and are assumed to be negligible’.

4. A review of the soil boring logs indicates that the lithology at the site is hetero-
geneous and complicated with inter-dispersed sand and gravel lenses. Generally,
however, the top half of the treatment volume consists of clayey silt and the lower

interval is a silty clay interval.

5. Generally, the site is clear of buried utilities. A GPR survey did detect an anomaly
within the data that showed a response consistent with a former utility or other
linear feature. Based on historical imagery this anomalous response is most likely
a former roadway which was present in this area. No significant response was

obtained within the survey area.

6. It is expected that monitoring and extraction wells not suitably constructed for
exposure to high temperature will be decommissioned prior to the implementation

of thermal treatment.

'If the ground water flow velocities are greater than 1 m/day then this can result in significant heat flux
out of the treatment volume. Typically this will require engineering controls to confine flow velocities
to manageable values to mitigate these losses.
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7. Removing the volatile chemicals from the subsurface within the timeframe of
180 day is the desired outcome of remediation effort. This is anticipated to re-

duce the risk posed to human health and the environment by site contaminants.

ft2 °F hr

BTU
be installed over the treatment area and extending a minimum of 3 m outside of

8. A thermal vapor cap with a minimum R-value of 5.00 [ } was assumed to

the treatment footprint.

9. A network of groundwater extraction and/or multiphase (vapor and groundwater)
extraction wells will be installed and operated within the treatment area to ensure

that hydraulic control can be maintained throughout operations.

Figure 2.1.: Treatment area for the Depew site showing the locations of historic infras-
tructure.
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Figure 2.2.: Thermal treatment area for the Depew site.
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2.1.2. Geology

The conceptual description of the stratigraphy and geology used in this study, was
provided by CH2M Hill. The soil at the Depew site is characterized by a number of
stratigraphic units which tend to be generally consistent across the site. These units

consist of:

1. Heterogeneous surficial fill (mixture of clay, silty clay, sand, gravel, bricks, and

other construction debris) is present from 0 to 4 feet below ground surface (bgs).

2. Glacial till (low permeability unsorted clays and silts) underlies the surficial fill
material and is approximately 25 to 30 feet thick.

3. Glacial irregularities are present within the glacial till. The size and frequency of

the glacial irregularities generally increase with depth.

4. The Marcellus and Skaneateles Shale Formations underlies the glacial till deposit
and is encountered at a depth of 27 to 30 feet bgs.

5. Shallow groundwater consists of two independent groundwater units (defined as

the upper and lower till units).
a) The upper till is unconfined groundwater in the surficial fill and upper till.
b) The lower till is confined groundwater in the lower till and upper bedrock.

6. The groundwater table for both groundwater units is encountered in the surficial

fill and glacial till deposits at depths of approximately 1 to 4 feet bgs.

7. The groundwater flow direction for both groundwater units is primarily to the
west and to the northwest, which is consistent with past measurements and flow

directions.

8. The average hydraulic gradient as measured in June 2014 for the upper till is 0.057
feet per feet (ft/ft) and for the lower till is 0.04 ft/ft.

9. The upper till (less than 20 feet bgs) has a porosity of 0.38 and a hydraulic con-
ductivity of 6.2-107° (cm/s) and the lower till (greater than 20 feet bgs) has a
porosity of 0.22 and a hydraulic conductivity 2.9-1078.
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10. The estimated groundwater flow velocity for the upper till is approximately 10 feet
per year (0.008 m/day) and for the lower till, the estimated flow velocity is less
than 1 foot per year (0.0008 m/day).

The geological and electrical properties are summarized in Figure 2.3. The geologic

features as used in this study are:

1. The treatment volume consists of an upper clayey silt interval layer that is more
more permeable than the deeper silty clay interval. The clay underlying the treat-
ment volume is assumed to have a low electrical resistivity and a very low perme-

ability, based on literature values.

2. The porosity throughout the treatment volume is assumed to have an average
value of 33% and is the total porosity. This approach is used since water is as-
sumed to occupy the entire pore volume at the onset of heating. Not accounting
for interstitial water within the entire pore volume will underestimate the energy

calculations.

3. The resistivity as measured in the McMillan-McGee thermal laboratory indicates

a fairly uniform vertical resistivity profile.

4. The soils are assumed to have a uniform average bulk permeability with the upper
interval being twice as hydraulic conductive as the lower interval. Heating will
dramatically increase the permeability of soils, especially clays, and thus a higher

value but representative value is used for the lower interval.
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Figure 2.3.: Summary of geological features used in this study.
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2.2. Assumptions

2.2.1. General Assumptions

Some of the more general project assumptions captured in the simulation are:

1. The input energy estimates are for electrode operations only. Additional energy
for the project is required to run the treatment plant and / or for contingency
operations. From experience, the ancillary and contingent energy for a project of
this size can be an additional 15%. Our best estimate of the ancillary energy is

173 MW - h and can be used for estimating the energy budget.

2. The heated volume surrounds the treatment volume in all dimensions by design.
The heated volume is larger than the treatment volume in order to ensure complete

thermal treatment of the contaminants.
3. The water extracted may be treated and re-injected into the electrodes.
4. All areas of the treatment and heated volumes are open and available for drilling.

5. Horizontal wells designed to be incorporated into the remedial design are not mod-
elled in this study. These wells will be located just below ground surface and above
the water table. The liquids extracted from the horizontal wells needs to be incor-

porated into the calculation for maintaining hydraulic control.

6. Each extraction well is assumed to extract liquids and vapors at the same rates
as all the other extraction wells. For effective and economic remediation, the
extraction wells should be operated with this strategy. At steam temperatures, a
significant component of the vapour will be steam. It is very important to maintain
hydraulic control and not over extract liquids relative to liquid injection into the

electrodes.

7. Water and current injection into the electrodes will vary for each electrode as
determined by this simulation study. Boundary electrodes will operate with 1.14

times more current than interior electrodes to compensate for heat losses.

8. The chemical mass is uniformly distributed throughout the vertical interval.
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9. To achieve the minimum temperature target early in the project, an aggressive

ramp-up with increased peak power to each electrode is necessary.

10. The water saturation distribution, S,,, is assumed to be 100%. This is appropriate
given water injection into the electrodes to maximize heat transfer. The chemical

saturation is comparatively small.

2.2.2. Assumptions

1. Two distinct geological units are assumed, a higher permeability clayey silt interval
above a lower permeability silty clay layer. A high permeability anthropogenic fill

layer below the surface cap is assumed.

2. The soil electrical resistivity value used in the simulation is the average of resistivity
values measured in soil samples collected from by CH2M Hill. It is assumed that
power control to the electrodes dominates the energy input to the soil. Actual elec-
trode currents will be controlled during the project to maintain the recommended

power levels.

3. The electrode current is regulated to less than 120 A. The soil is relatively con-
ductive and current regulation is necessary. Water injection rates into the upper

and lower electrodes are operated in a balance so that the rates are the same.

4. The water extracted is treated and is re-injected back into the electrodes. A heat
exchanger may be used to recover the energy in extracted water to pre-heat the
electrode injection water. The model conservatively does not factor in such energy
savings in the energy balance calculations, instead assuming a water injection

temperature of 15 °C.

5. It is assumed that groundwater velocities and insignifcant and will have a negligible

affect on heating. Therefore ground water flow velocities are assumed to be zero.

6. Hydraulic conductivity data were obtained from CH2M Hill and, if necessary, the

public domain.
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2.2.3. Resistivity

The indigenous resistivity data were obtained from CH2M Hill and measured by the
McMillan-McGee thermal laboratory and are summarized in Figures 2.4 and 2.6. The
resistivity data is provided in Figure 2.5. The measured data are provided for conve-

nience in Appendix C and depicted in Figures C.1 to C.9.

Heating the soil using electricity operates by applying a voltage across installed elec-
trodes to induce current in the soil itself. Therefore, the design of the ERH system for
site treatability depends on knowing the electrical resistivity profile of the treatment

volume.

Another key property of the soil in determining its electrothermal treatability is the
electrical resistivity as a function of temperature. Generally, as water saturated soils are
heated to boiling temperature, the electrical resistivity will decrease to one third of its

initial value as shown in Figure 2.6.

Power controls for the electrical heating process must be capable of adjusting for the
variations in electrical conductivity as a function of water saturation and temperature.
A site specific temperature dependence was estimated as a linear multiplier of 2.37 for
a 75 °C increase in temperature based on past experience and literature values. The

conductivity of the interstitial water, o,,, used in Equation 2.1 is estimated similarly.

The overall average resistivity data, p, adjacent to each electrode, for example, 32.71 (m,
can be used to estimate the electrode resistance, R, using Equation 2.2. Equation 2.2
has been used extensively and accurately predicts the electrode resistance measured in
the field.
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Water is injected into the electrodes and/or electrode boreholes to ensure that ohmic
contact is maintained between the electrode, the graphite back fill and the soil during
electrical heating. As well, the injection of water greatly helps in the rate of heat transfer
into the soil. The average temperature of the injection water is 15 °C (note that waste

heat may recovered during project implementation, increasing this value).

The injection rate must be carefully managed and depends on the input power and the
electrical properties of the soil. For the Depew project the value for the average injection
rate is 0.379 L /min, (0.100 gal/min) per electrode.

Figure 2.4.: Resistivity profile plot for the site.
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Figure 2.5.: Resistivity profile data for the site.
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Figure 2.6.: Dynamic resistivity as a function of temperature.
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2.2.4. Hydraulic Conductivity

Hydraulic conductivity, (K) is a property of the soil or rock that is a measure of the ease
with which a fluid (water in this case) can move through the pore space. It depends on
the intrinsic permeability of the material and on the degree of saturation. For this study
values of saturated hydraulic conductivity, which describes water movement through
saturated media, are provided from CH2M Hill. The hydraulic conductivity in the
upper interval unit is assumed to be 6.27° cm/sec, while the value in the silty clay
interval is 2.9 x 107® cm/ sec based on CH2M Hill geotechnical tests.

Typical values for the hydraulic conductivity (in cm/s) for different soil types are sum-
marized in Table 2.1[5]. The permeability can vary over several orders of magnitude for
a particular soil type. Darcy’s law is used to convert the units of hydraulic conductiv-
ity to permeability units for input into the numerical simulation program (see details
in Appendix D). For water, to convert from 1 cm/s to Darcys multiply by 1,034. For
example, from Table 2.1 clean sand has a hydraulic conductivity to water of 10 cm/s,
which is equivalent to 0.1034 D or 103.4 mD (input units for the numerical model). The
resulting permeability estimates used in this study are in the range of typical values as
shown in Table 2.1.

When very large or small permeabilities are input into the numerical model, simulation
calculations can become problematic to compute. In order to improve the efficiency
and stabilit