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1 INTRODUCTION

1.1 Background

This Voluntary Investigation and Remediation Plan (VIRP) is being submitted on behalf of Roper
Pump Company (Roper) regarding Roper’s facility located at 3475 Old Maysville Road in
Commerce, Georgia (Site). The purpose of this document is to support application for enrollment
into the Voluntary Remediation Program (VRP) by presenting a current understanding of
conditions at the Property, based on existing environmental data and a preliminary Conceptual Site
Model (CSM), and potential remedial options for the Site. A completed VRP Application Form
and Checklist is included in Appendix A. Tax map and warranty deed information for the Roper
property are included in Appendix B.

1.2 Release Notification

In May 2009 during construction activities associated with a facility expansion, soils and
groundwater adjacent to an abandoned storm sewer line were found to have elevated
concentrations of volatile organic compounds (VOCs), primarily tetrachloroethene (PCE).
Accordingly, a Release Notification was submitted to the Georgia Environmental Protection
Division (EPD) pursuant to the Hazardous Site Response Act (HSRA) on July 13, 2009. On
November 23, 2009, EPD informed Roper that the Site was listed on the Georgia Hazardous Site
Inventory (HSI), HSI #10901. The Report of Site Characterization and Remedial Action (EPS,
2014a) was submitted to the EPD in response to the listing. In a letter dated August 22, 2014, the
EPD requested that Roper submit either a Voluntary Remediation Program (VRP) Application or
a Compliance Status Report by December 31, 2014.

1.3 Property Eligibility

The Site meets the eligibility criteria for the VRP. A release of regulated substances on the Site
has been confirmed. The Site is not listed on the National Priorities List, is not currently
undergoing response activities required by an order of the Regional Administrator of the United
States Environmental Protection Agency (EPA), and is not required to have a permit under Code
Section 12-8-66. Qualifying the Site under this VRP would not violate the terms and conditions
under which the division operates and administers remedial programs by delegation or by similar
authorization from the EPA. There are no, and never have been any, outstanding liens filed against
the Roper property pursuant to Code Sections 12-8-96 and 12-13-12.
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1.4 Participant Eligibility

Roper is both the owner of the property and the VRP applicant. Furthermore, Roper is not in
violation of any order, judgment, statute, rule, or regulation subject to the enforcement authority
of the Director of the EPD.

1.5 Document Organization

This document is organized into three sections, following this introduction:
e Section 2.0 presents an overview of the Site including the Site setting, the regulated
constituents detected at the Site, and corrective action performed to date at the Site;
e Section 3.0 presents the CSM;
e Section 4.0 presents preliminary remedial options for the Site;
e Section 5.0 presents a milestone schedule; and
e Section 6.0 provides document references.
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2 SITE OVERVIEW

2.1 Site Setting

2.1.1 Site Location and Local Area Setting

The Site is situated on a 9.35-acre parcel (Jackson County Parcel 1D 034-032), which is improved
with one main building referred to as the Gear Pump building. A Site Location Map is included
as Figure 1 (all figures are included in Appendix C). This parcel is covered with concrete/asphalt
with the exception of a grassed area to the northeast of the main building, grassed islands in the
northern parking lot, and a grassed area around the water holding tank as shown on the Site Plan
included as Figure 2.

The Gear Pump Building (720,000 sg.-ft.) includes manufacturing, maintenance, and
administration operations. Gear pumps are used in a variety of industries primarily to transfer
petroleum products (e.g., from tankers or railcars to storage tanks). Unloading of raw materials is
conducted mainly on the west side of the Gear Pump Building at loading/unloading bays.
Operations include the use of a self-contained cold cleaning machine.

2.1.2 Local Area Setting

Figure 1 shows the Site in the context of the local area setting. The immediate surrounding land
use is primarily industrial with the adjacent property to the northwest being residential. Land use
further to the north, west, and south is mostly agricultural. Land use to the east is industrial,
changing to residential with decreasing distance to downtown Commerce, Georgia, which is
approximately 1.5 miles east of the Site.

2.2 Regulated Constituents of Interest and Delineation Criteria

A significant amount of soil, groundwater and sub-slab soil gas data have been collected from the
Site since 2009. (Appendix F provides a complete summary of sampling results to date and set of
drawings depicting sample location identification.) This historical data was used to determine the
list of regulated constituents of interest (COI) at the Site and the corresponding delineation criteria.

Twenty-three constituents regulated under Georgia’s HSRA program have been detected in soil,
groundwater, or sub-slab soil gas at the Site. Delineation criteria for soil and groundwater are
based on Risk Reduction Standards (RRSs). Type 1 and Type 2 RRSs are based on a residential
scenario and Type 3 and Type 4 RRSs are based on a non-residential scenario. A memo
summarizing the RRS calculations was submitted to the EPD on October 31, 2014 (EPS, 2014b).
The EPD has not yet commented on the RRS calculations submitted by EPS for this Site on behalf
of Roper.
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According to the HSRA Rules, delineation of soil is to higher of the Type 1 or Type 2 RRSs
(referred to herein as the Residential RRS) and delineation of groundwater is to Table 1 of
Appendix 111 of the HSRA Rules, which is also the Type 1 RRS. Accordingly, the delineation
criteria for soil for this Site are the Residential RRSs as shown on Table 1 (all tables are provided
in Appendix D) and the delineation criteria for groundwater is the Type 1 RRS as shown on Table
2. These tables also show some basic statistical information about each constituent, such as the
minimum, maximum, and average concentrations observed at the Site. These tables also show
how many of the results exceeded the delineation criteria. The COI for soil and groundwater are
those constituents that have more than one result that exceeds the delineation criteria and have
greater than 1% of results exceeding the criteria. Of the twenty regulated constituents detected in
soil, only two are COls: PCE and TCE. Of the eleven regulated constituents detected in
groundwater, only five are COls: 1,1,2,2-tetrachloroethane (1122-TCA), benzene, cis-1,2-
dichloroethene (cDCE), PCE, and TCE.

Delineation is not required under HSRA or the VRP for sub-slab soil gas. In order to determine
the COI in soil gas for the Site, the sub-slab soil gas data was compared to the EPA’s Regional
Screening Levels (RSLs) for residential air and industrial air (EPA, 2014). This comparison is
shown on Table 3. The EPA’s Vapor Intrusion Screening Level calculator assumes that indoor air
concentrations are one tenth of the sub-slab concentrations. Accordingly, the sub-slab soil gas
results are compared to ten times the Residential RSL. Of the ten regulated constituents detected
in the sub-slab soil gas, five have more than 1% exceedances of the adjusted Residential RSL:
benzene, chloroform, o-xylene, PCE, and TCE.

In summary, the COI at the Site are as follows:

Soil COI Groundwater COI Soil Gas COI

1,1,2,2-Tetrachloroethane X

Benzene X X
Chloroform X
cis-1,2-Dichloroethene X

0-Xylene X
Tetrachloroethene X X X
Trichloroethene X X X

2.3 Corrective Actions Performed To Date

2.3.1 Soil Removal

2.3.1.1 May 2009 Soil Excavation

The historical release at the Site was discovered during construction activities in the Spring of
2009, when grading and area west of the building complex. Surficial soil samples taken across the
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footprint of the graded area exhibited elevated concentrations of VOCs, primarily PCE, leading to
the removal of approximately 1 feet (ft.) of soil across an area covering approximately 2,240 square
feet (Figure 3). This activity also unearthed an abandoned storm sewer pipe segment at the
southwest corner of the excavation area, where more significant staining and odor were observed.
Also during excavation for the loading dock ramp, the active storm sewer was unearthed and a
decision was made to excavate and replace a long segment of this line, in part because of excessive
sediment buildup in the pipeline. Some staining was observed during this excavation and when
encountered, the area was over-excavated to remove visibly stained soil and then soil samples were
collected systematically along the base of the excavation (Figure 3).

2.3.1.2 Qutfall 2 Soil Excavation

On April 19, 2010, all stained soil and sediment, approximately 30 cubic yards, was excavated
from the outfalls area (Figure 3). The excavation extended to a depth of 4 feet below grade. In
addition, 2 inches of surficial soil were scraped from an overflow area northwest of the outfall.

On April 20, 2010, confirmation samples (OU-1 through OU-6) were collected from the
excavation bottom and sidewalls and analyzed for RCRA metals to determine whether the
impacted soils had been removed. RCRA metals were not detected above the Type 1 RRSs from
samples OU-1 through OU-5 collected within the outfall. Lead was detected above its Type 1
RRS in OU-6, which was collected from the scrape area. Outfall 2 was then backfilled with gravel.

Since lead was detected above its Type 1 RRS in the scrape area, on April 23, 2010, an additional
2 inches of soil (1 cubic yard) were scraped from the area. Additional confirmation samples (OU-
7 through OU-9) were collected on April 23, 2010 for RCRA metals analysis, and arsenic,
chromium, and lead were detected above the Type 1 RRSs.

On April 27, 2010, 1 cubic yard of additional soil was scraped from this area. Additional
confirmation samples (OU-10 and OU-11) were collected for RCRA metals analysis, and all of
the results were all below the Type 1 RRSs.

2.3.2 Soil Vapor Extraction

2.3.2.1 Soil Vapor Extraction System Installation

A significant portion of the PCE contaminated soils was within the footprint of the planned
building expansion and loading dock ramp. In order to proceed with the construction activities,
Roper elected to voluntarily install a soil vapor extraction (SVE) system to remediate the PCE
contaminated soils. The SVE system layout is shown on Figure 4. The work was conducted in
three phases as described below.

Phase |

Phase | of the SVE system installation was conducted in June - August 2009 and included the
installation of 70, two-inch SVE wells and associated piping (Lines A through L) in the footprint
of the planned expansion and loading dock ramp. All of the SVE wells were installed to an
approximate depth of 19 ft. below original grade, and the screen interval extended to approximately
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3 ft. below the final grade. One horizontal SVE well (Line G) was installed on top of the
abandoned sewer line at a depth of 1 ft. The entire length of the horizontal SVE well was screened.

A series of 7 horizontal passive vent lines were installed beneath the planned building footprint to
allow “make-up” air to enter the subsurface. The vent lines were connected to passive intakes near
the building roof line.

Phase 11

Phase |1 of the SVE system installation was conducted in April 2010 after soil assessment activities
were completed in the area. Phase Il included the installation of 49 SVE wells and the associated
piping (Lines M through S), in the area to the west of the new building and loading dock ramp.
These SVE wells were screened from 5 feet to 17.5 ft. below grade.

Phase 111

Phase 111 of the SVE system installation included the SVE equipment design and installation. A
24-hour pilot test was conducted on May 24, 2010 to collect air flow rate and VOC concentration
data from the SVE wells. In October 2010, EPS installed a turnkey system, including a manifold,
extraction blower, and knockout tank. The blower discharge was connected to two 2,000-1b
activated carbon-containing vessels for off-gas treatment.

2.3.2.2 SVE Operation

The complete SVE system began operation in October 2010 and the system has been operating
ever since, with the exception of minor maintenance and shutdowns for carbon change-out. As of
September 2013, approximately 8,300 Ibs. of VOCs (PCE and minor amounts of moisture) have
been removed from the soils as shown in the following table.

Spent Carbon Initial Weight of Fresh | Final Weight of Spent PCE/Moisture

Shipment Date Carbon (Ibs.) Carbon (Ibs.) Weight (lbs.)
16-Sep-13 4,000 5,418 1,418
19-Sep-12 4,000 5,734 1,734
01-Mar-12 4,000 5,930 1,930
29-Jul-11 4,000 5,407 1,407
20-Jan-11 4,000 5,870 1,870
Total 8,359
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2.3.3 Vapor Barrier Installation

Following the installation of the SVE wells, a 60 mil HDPE vapor barrier was installed beneath
the office portion of the building expansion. Three of the SVE vent lines were installed beneath
the vapor barrier to allow for venting of VOCs beneath the vapor barrier. As an added precaution,
a 6 mil HDPE liner was installed beneath the remainder of the building expansion footprint, even
though this area was designed to continuously leave the loading dock bay doors open.
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3 PRELIMINARY CSM

3.1 Overview

The CSM is intended to establish a common knowledge base about the Site and its environmental
condition, to facilitate the development of remedial action objectives, and to allow an informed
decision regarding possible remedial action measures. The CSM discusses: (i) the surface and
subsurface features at the Site, (ii) nature and extent of the environmental condition, (iii) fate and
transport characteristics of chemicals of concern at the Site, and (iv) potential receptors and
exposure pathways.

3.2 Ground Surface Features

3.2.1 Regional Surface Features

The Site is located in Jackson County, which falls in the Winder Slope District of the Piedmont
Physiographic Province (Piedmont Province) in Georgia. The Winder Slope District is
characterized by gently rolling topography sloping gradually from an elevation of approximately
1000 ft. above mean sea level (amsl) in the north to 700 ft. amsl in the south. The western boundary
of the district follows the drainage divide that separates streams draining to the Atlantic Ocean or
to the Gulf of Mexico. Headwater tributaries of major streams draining to the Atlantic Ocean flow
through the district. Granitic mountains are located on the interfluves in the southern and western
portion of the district.

3.2.2 Site Surface Features

The Site sits on a topographic ridge and is generally flat (slopes ranging from 2 to 6 percent
according to National Resources Conservation Service’s (NRCS) web Soil Survey), with
topography sloping downwards to the east and west. A United States Geological Survey (USGS)
Light Detection and Ranging (LIDAR) topographic map is included in Figure 5. The local area-
high elevation is 920 ft. amsl north of Old Maysville Road. Elevation decreases to approximately
906 ft. amsl across Old Maysville Road. The Roper manufacturing plant is southwest of Old
Maysville Road and is approximately 900 ft. amsl. The southwestern boundary of the Site is
approximately 894 ft. amsl.

The majority of the Site is covered by impermeable surfaces (paved parking lot and buildings)
with the exception of a grassed areas to the northeast of the main building, in the northern parking
lot, and around the water holding tank. Storm water is directed to two outfalls, Outfall 1 and Outfall
2, located across the railroad tracks at the southwestern boundary via two storm water ditches and
an underground storm water system. The outfalls converge into a drainage ditch, which eventually
flows to a storm water channel located west of the Site. The channel becomes an intermittent
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stream approximately 1.5 to 2 miles west of the Site, which flows into Gravelly Creek and
eventually into the North Oconee River.

3.3 Site Subsurface Composition

3.3.1 Site Geologic and Hydrogeologic Setting

Soils in the Piedmont, such as at the Site, are derived from underlying metamorphic rocks through
weathering, disintegration, and decay where the predominant metamorphic rocks are gneisses and
schists. According to the NRSC Soil Survey available via the internet, the Site contains
predominantly Cecil sandy loam derived primarily from fine to coarse grained gneisses followed
by hornblende and tale schists.

Soil borings advanced across the Site provide additional information regarding the Site’s
subsurface composition; boring logs generated from soil borings conducted from May 2009 to
November 2014 are presented in Appendix E. The investigations from the May 2009 soil
delineation revealed that residuum beneath the area in and around the abandoned storm sewer line
is characterized by a predominantly clay soil texture with traces of sand, silt, and/or mica to
approximately 16 to 24 ft. below ground surface (bgs). A few of the May 2009 boring logs revealed
partially weathered rock (PWR), some with traces of coarse grain sand and/or clay, from
approximately 16 to 20 ft. bgs. The investigations from the April 2010 soil delineation revealed
that residuum beneath the surface in the area west of the abandoned storm sewer line is
characterized by predominantly clay soil texture to 17 ft. bgs. Borings advanced during the
February 2014 and November 2014 monitoring well installations revealed the following: (i)
residuum beneath the asphalt surrounding the main facility is predominantly characterized by
clayey silty sand to approximately 15 ft. bgs followed by silty sand to 25 ft. bgs; (ii) residuum
beneath the asphalt at the center of the alley located north of the main facility is characterized by
clay to approximately 35 ft. bgs followed by PWR and eventually bedrock at 70 ft. bgs; and (iii)
residuum beneath the asphalt at the eastern end of the alley is predominantly characterized by silty
sand to approximately 25 ft. bgs.

The November 2014 monitoring well installations also provided information regarding the
subsurface composition of the properties east of the Site along Old Maysville Road. To the
northeast, the subsurface is characterized by clay to approximately 16 ft. bgs followed by PWR to
35 ft. bgs. To the southeast, the subsurface is characterized by clay to approximately 40 ft. bgs
(PWR was not yet encountered).

To date, no investigation has produced data to characterize the bedrock at the Site. The Piedmont
Province typically consists of crystalline bedrock with discontinuous fractures containing water,
which are hydraulically connected to saprolite (weathered bedrock and soil or residuum) above.
The degree of fracturing and size of the fracture apertures (openings) tends to decrease with depth.

Hydrogeological cross sections are presented on Figure 6A (plan view showing cross section lines)
and Figures 6B and 6C (west-east and north-south cross sections, respectively). Monitoring well
installation details (i.e., screened intervals) and COIl detections are also shown on the cross
sections.
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Groundwater in the Piedmont Province occurs under unconfined conditions where the
potentiometric surface mimics the ground surface topography. Along topographically low areas,
the water table typically occurs within the soil to saprolite portions of the hydrogeological profile.
Along topographically high areas, the water table often occurs in underlying crystalline bedrock.
The saprolite portion of the hydrogeological system generally contains significantly more fluid
compared to the same volume of bedrock. The crystalline bedrock exhibits essentially no primary
porosity/permeability and relies upon secondary permeability features such as fractures and faults
for the transmission and storage of groundwater. These secondary permeability features generally
are not abundant and of a relatively small apertures, which limits the amount of fluid flowing
through the bedrock.

3.3.2 Groundwater Direction and Flow Velocity

The depth to the water table and groundwater flow direction at the Site was determined in four
separate investigations. During the first three events, wells were surveyed relative to a site vertical
datum (100 ft.), groundwater depths were measured, and a potentiometric surface map was
generated. The first potentiometric surface map was generated during the installation of temporary
and direct point wells in May 2009. Depth to groundwater ranged from 18.04 ft. (B-11) to 22.7 ft.
(SB-9) bgs. The groundwater flow direction was to the east. Subsequent measurements of depth
to water show a similar pattern to the groundwater flow (to the east), with similar depth to water
measurements suggesting minimal fluctuation of the water table. Figure 7 is a potentiometric
surface map generated from the most recent (November 2014) water level measurements, showing
true elevation of the potentiometric surface (according to the North American Vertical Datum
(NAVD) of 1988). The groundwater flow direction is to the east/southeast with a hydraulic
gradient of approximately 0.015 ft./ft.

In April 2014, EPS performed slug testing on wells MW-1, MW-2, MW-5, and MW-6 to determine
the hydraulic conductivity of the Site’s aquifer material. MW-3 and MW-4 did not have sufficient
water to perform the tests. The data was analyzed using the Bouwer and Rice graphical method
(Bouwer, 1988). The calculated hydraulic conductivities were as follows: 1.3 x 10* cm/s (MW-
1); 1.5 x10* (MW-2); 3.3 x 10° (MW-5); and 2.1 x 10* cm/s (MW-6). These values are typical
of Piedmont residuum.

Groundwater velocity at the Site was calculated using the range of hydraulic conductivity from the
slug test results (2.1 x 10 cm/s to 1.5 x10™) and the average hydraulic gradient (0.015 ft./ft.).
Effective porosity was assumed to be 20%. Groundwater velocity is calculated to range from 2.5
to 16 ft./year.

3.4 Environmental Conditions On- and Off-Site

3.4.1 Overview

As requested in the General comments (general comment #3) in EPD’s letter dated August 22,
2014, EPS has compiled all available environmental data records pertaining to the Site. The
primary focuses of the investigations to date have been the characterization of groundwater for
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VVOCs and on-Site soil for metals and VOCs. A summary of all groundwater and soil data is
provided in Appendix F. The discussion that follows below is limited to the COI for each media
type (soil; groundwater; soil gas).

3.4.2 Nature and Extent of Environmental Conditions

3.4.2.1 Constituents of Interest for the Site

PCE and TCE have been determined to be COI in soils. Each of these COI are depicted on a series
of figures according to the following depth intervals across the Site: (i) 0 to 2 ft. bgs; (ii) 2 to 5 ft.
bgs; (iii) 5 to 10 ft. bgs; (iv) 10 to 15 ft. bgs; and (v) 15-20 ft. bgs. Soil sampling results for PCE
and TCE in soils at the facility proper are presented in Table 4.

PCE, TCE, cDCE, 1122-TCA, 112-TCA, and benzene have been determined to be COI in
groundwater. Groundwater sampling results from the May 2009, February 2014, and November
2014 investigations for the groundwater COIl are presented in Table 5.

PCE, TCE, benzene, chloroform, and o-xylene have been determined to be COI for sub-slab soil
vapor. Sub-slab soil vapor sampling results for these COI are presented in Table 6.

3.4.2.2 Area of Release for VOCs and Metals

Based on historical information and sampling conducted to date, the cause of VOCs released to
the subsurface was from a spill(s) that occurred in the vicinity of the abandoned storm sewer
located near the overhang storage and hazardous waste storage area (HWSA). The abandoned
storm sewer extends underground from the inlet located under Loading Dock #1, northwest to the
storm drain that extends north of the HWSA. Stained soils observed in the vicinity of the
abandoned storm sewer and the data compiled from the subsequent soil, groundwater, and soil gas
sampling support this conclusion. First, the highest VOC concentrations (dominated by the
presence of PCE and to a lesser extent TCE) were detected in soils adjacent and in close proximity
to the abandoned storm sewer. The highest concentrations of VOC in groundwater (dominated by
PCE) were also detected near the abandoned storm sewer. The PCE concentration in groundwater
decreases along a gradient with increasing distance down-gradient of the abandoned storm sewer.
The highest VOC concentrations in sub-slab soil gas (also dominated by PCE) were detected
beneath the buildings near the abandoned storm sewer.

The source of metals released to the outfall area appears to be the former active storm drain (this
drain pipe was replaced due to sediment building up, during the 2009 construction activities) that
runs from the alley north of the facility to the HWSA and then southwest offsite to the outfall
located across the railroad tracks. Chromium and lead were detected in the pipe sediment sample
collected directly from the storm drain. Chromium and lead were also detected at concentrations
exceeding their respective HSRA Notification Criteria in the stained soils that were observed (prior
to excavation) in the outfall area. This condition has already been abated and post-excavation soil
sampling shows the condition is now below Residential RRS. Thus, metals are no longer COI for
the Site.
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3.4.2.3 Source Area Characteristics

Many organic chemical products such as PCE, are nearly immiscible in water and as such, occur
as non-aqueous phase liquid (NAPL) in the subsurface environment. PCE has a higher specific
gravity than water, and often appears as DNAPL (dense NAPL). The volume of mobile DNAPL
depletes as immobile residual product is left behind through the soil column as the product
descends. USEPA (1996) defines a mathematical formulation for the soil saturation limit for a
chemical, a term abbreviated as Csat, which is based on the following properties:

e chemical solubility limit;

e soil water content;

e organic carbon/water partition coefficient for the chemical;
e dry soil bulk density;

e Henry’s law coefficient for the chemical; and

e soil air content.

In practical terms, Csat is the value above which the chemical is present in soil pore water at its
aqueous solubility limit. EPA (2014) posts the Csat value for PCE as 166 mg/kg (for typical soil
types). There is a different derivation for the soil concentration below which the NAPL, if present,
will not migrate under the typical forces of convection or gravity, a concept referred to as the
residual NAPL saturation. The residual NAPL concentration, or Cres, is based on the following
properties (Brost et. al, 2000):

e residual non-aqueous phase volume fraction;

e density of chemical residual non-aqueous phase liquid,;
e dry soil bulk density;

e soil porosity; and

o fraction of residual non-aqueous phase filled void.

The concentration value of Cres is generally much higher that the Csat value (Brost et. al, 2000).
The value Csat specifies the presence or absence of residual phase NAPL, whereas the value Cres
specifies the threshold value for NAPL mobility. Table 2 in Brost et. al 2000 provides a summary
of these values for various NAPL types and soil types: for PCE the table shows values for a
fine/medium beach sand with Cres ranging from 830-83,025 mg/kg (depending on the fraction of
NAPL-filled void) in comparison to a Csat Value of 195 mg/kg. The only other PCE value shown
on this table is for a sandy loam soil type, with a Cres value of 413,000 mg/kg (a corresponding Csat
value is not provided).

The numerous soil samples characterized for PCE in the area of the abandoned storm sewer
provide a means of assessing the area as a “source” of contamination (e.g., transfer of PCE from
soil to groundwater) and whether the condition exists as a residual NAPL or as a mobile NAPL.
Figure 8 shows the soil PCE concentration according to multiples of the Csat value provided by
EPA 2014 (166 mg/kg), with 34 of the soil sample locations exceeding this value and which are
clustered together in the areas of the suspected release (abandoned storm drain). Notice also the
abrupt concentration decrease outside of this zone, characteristic of vertical migration of a
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localized PCE NAPL release from the drain area (and not a broad-based spill or multiples spills
across the facility). The highest PCE concentration in soil is 12,000 mg/kg. Based on the Cres
discussion above, we conclude that a mobile PCE DNAPL condition does not exist for the Site.

Another line of evidence commonly used in DNAPL assessment is the “1% solubility rule of
thumb,” where case history has shown that a DNAPL source may be present up-gradient of a
monitoring well if the groundwater concentration exceeds 1% of the effective solubility of the
chemical (USEPA, 1992). The 2009 groundwater investigation was limited to characterization of
the upper portion of the surficial aquifer (i.e., wells screened at or just below the water table).
Concentrations of PCE exceeded the 1% product solubility for PCE (2,060 pg/L) at one location
(B-10 at 93,000 pg/L), indicating the possibility of PCE DNAPL at this location. The 2014
investigations involved installation of clustered monitoring wells to asses for the presence and
vertical extent of PCE DNAPL. Groundwater sampling results from the MW-6 well cluster located
slightly to the north (side-gradient) of the release area, and well cluster MW-9 located down-
gradient of the release area in the center of the alley, were below 1% PCE solubility. Furthermore,
the PCE concentration decreases with depth in the two separate well clusters, supporting that PCE
DNAPL does not exist deeper in the surficial aquifer. The screened interval of the well clusters
and the depth to water for well clusters MW-6 and MW-9 are listed in the following table below:

Well ID | Screened Interval (ft. bgs) | PCE Feb 2014 (ug/L) | PCE Nov 2014 (ug/L)
MW-6 9.2-24.2 930 110
MW-6DS 36.5-46.5 100 14
MW-6D 61.5-66.5 20 17
MW-7 94-244 1,900 14,000
MW-9S 16 - 26 1,600
MW-9D 63.5-68.5 ND

Well MW-7 is also shown in the above table because of the high PCE concentration reported
during the November 2014 sampling event. PCE was detected at 14,000 pg/L, in excess of 1%
PCE solubility. A similar PCE concentration was detected in this area in 2009 (well SB-9 at 4,900
ug/L). As shown in Figure 8, this condition supports a conclusion that a source condition is
limited to the region of soil exceeding the Csat value, and a broader groundwater condition results
from down-gradient transport away from this source area (i.e., location such as SB-9 is in the
vicinity of a source).

3.4.2.4 Stability, Extent, and Degradation of the Plume

The plume associated with the abandoned storm sewer was initially characterized in May 2009,
and further characterized in February and November 2014. Based on the May 2009 and collective
2014 (February and November) groundwater sampling results, the agueous plume appears to be
stable. The following indicates that the plume is stable: (i) the concentration of PCE at the eastern
and southern boundaries of the Site in February/November 2014 are consistent with concentrations
in May 2009; (ii) data from temporary wells in 2009 and co-located monitoring wells installed and
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sampled by GEC in February 2014 show comparable VOC detections and concentrations; and (iii)
PCE and TCE were not detected in samples up-gradient of the release area. The sampling results
from three new down-gradient property line wells, which were installed during the November 2014
investigation, indicate that the plume extends east-southeast of the Site towards Skaps Industries.
The wells were installed, following coordination with EPD, at the following locations: (i) northeast
of the facility across Old Maysville Road near the Old Maysville Road-Mount Olive Road
intersection (MW-10); (ii) east of the facility across Old Maysville Road (MW-8); and (iii) at the
eastern end of the parking lot located southeast of the main building (MW-11).

Intrinsic degradation of PCE is occurring as evidenced by the presence of daughter products
produced during reductive dechlorination. The dechlorination sequence is from PCE to TCE to
cDCE to vinyl chloride, and finally to non-toxic end products (ethene/ethane). TCE and cDCE
are present at many of the monitoring well locations also reporting PCE. Vinyl chloride was not
detected in any of the wells, suggesting that the degradation process is stalling at cDCE. This s a
common phenomenon at sites with chlorinated ethene groundwater contamination.

3.4.25 PCE
Extent of PCE in Soil

The table below presents the frequency at which PCE was detected at concentrations exceeding
the Residential RRS in soil samples collected in May 2009 and April 2010, and the depth intervals
at which the samples were collected. The vast majority of these detections were in close proximity
to the abandoned storm drain (i.e., targeted or biased sampling) where stained soils were observed.
PCE was not detected at concentrations exceeding the Residential RRS in any of the soil samples
collected at the outfall.

Depth Interval (ft. bgs) Frequency of Exceedance
0-2 10/13 (77%)
2-5 24/30 (80%)
5-10 36/43 (84%)
10-15 38/43 (88%)
15-20 22/33 (67%)

PCE concentrations decrease with increasing distance from the area of release. Figures 9A to 9E
show the PCE concentration in soil segregated into the following depth intervals: 0-2 ft. bgs; 2-5
ft. bgs; 5-10 ft. bgs; 10-15 ft. bgs; and 15-20 ft. bgs. This depth progression shows that the PCE
condition in soil is essentially confined to the interior of the facility in the area of the release and
that horizontal delineation is demonstrated within the Site.

Extent of PCE in Groundwater

The PCE distribution in groundwater shows lateral transport down-gradient to the east away from
the area of highest concentration in soil, along the direction of groundwater flow. Figures 10A
through 10C show the PCE concentration in groundwater for the three sampling events (2009;
February 2014; November 2014). The full down-gradient extent of PCE in groundwater was not
bounded by the November 2014 monitoring well installation conducted off-property; well MW-8
reported a PCE concentration of 70 ug/L (well is located in the right-of-way east of Old Maysville
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Rd) as shown in Figure 10C. PCE was not detected up-gradient of the abandoned storm sewer west
of the facility (MW-1, MW-5), southwest of the facility (MW-2), or north-northeast of the Site
across Old Maysville Road (MW-10).

Additionally, the PCE concentration in the vertical dimension decreases along a sharp
concentration gradient. PCE has been reported in excess of 10,000 pg/L in the shallow wells in
the release area whereas concentrations deeper in the aquifer (in the PWR) are orders of magnitude
lower, typically around 10 pg/L or less.

Extent of PCE in Sub-slab Vapor

The highest sub-slab vapor PCE concentrations were detected beneath the engineering facilities
and main facility near the alley, which is in close proximity to the core of the aqueous plume. The
concentration of PCE in sub-slab vapor samples generally decreases away from the plume’s core,
however this association is not as apparent at the southern end of the facility (Figure 11). This may
be a result of lateral spreading of the soil vapor along the base of the building slab (either in bedding
material or simply the interface between the native soil and overlying concrete. Twelve of the 41
sample locations were in excess of 50,000 ug/m3. PCE was detected in all of the 41 sub-slab
sample locations, with the lowest reported result at 1,100 pg/m?.

3.4.2.6 TCE
Extent of TCE in Soil

The table below presents the frequency at which TCE was detected at concentrations exceeding
its Residential RRS in soil samples collected in May 2009 and April 2010, and the depth intervals
at which the samples were collected. TCE was not detected at concentrations exceeding the
Residential RRS in any of the surficial soil samples collected. The frequency of Residential RRS
Exceedance for TCE in subsurface soil was noticeably lower compared to PCE, as shown in the
table below.

Depth Interval (ft. bgs) Frequency of Exceedance
0-2 0/12 (0%)
2-5 3/30 (10%)
5-10 2/43 (5%)
10-15 9/43 (21%)
15-20 5/33 (15%)

Figures 12A through 12E map the lateral distribution of TCE in soil according to the depth
intervals listed on the table above, which helps to visualize the lesser degree of contamination
exhibited by TCE compared to PCE in soil. The maps also illustrate the horizontal extent of TCE
in soil is adequately bounded by the current data set.

Extent of TCE in Groundwater

Figures 13A through 13C show the TCE concentration in groundwater for the three sampling
events (2009; February 2014; November 2014). The relative magnitude of the TCE condition in
groundwater (i.e., the concentration expressed as a multiple of its Residential RRS) is higher
compared to PCE, as best illustrated by comparison of Figure 13C (TCE in November 2014) with
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Figure 10C (PCE in November 2014). Figure 13C shows however that the TCE condition is not
bounded to the east and south of the facility.

As with the PCE condition, the TCE condition in groundwater exhibits a sharp vertical
concentration gradient. TCE conditions in the shallow wells in the release area are around 100
ug/L or more, whereas the condition in the deeper wells is about an order of magnitude lower.

Extent of TCE in Sub-slab Vapor

This TCE sub-slab soil vapor distribution pattern is quite similar to PCE, with perhaps a more
focused region of the more elevated condition present in the north-northwest portion of the facility
(Figure 14). The western margin of the facility exhibits a much lower TCE vapor condition. Also
similar to the PCE distribution, the TCE concentration appears to diminish away from the release
areas across the facility in a southerly direction, then increases somewhat near the southernmost
portion of the facility. Seven sample locations were in excess of 50,000 pug/m3. Two of the 41
sub-slab sample locations were non-detect for TCE.

3.4.2.7 cDCE

Extent of cDCE in Groundwater

Figures 15A through 15C present the cDCE distribution in groundwater for the three assessment
events (2009, February 2014, and November 2014). The lateral extent of cDCE is limited to the
interior region of the Site, exceeding its Residential RRS in 2 of 9 monitoring well locations during
the November 2014 event (Figure 15C). cDCE was not detected in the deeper monitoring wells.
Thus, the lateral and vertical extent of cDCE is fully bounded.

Extent of 1122-TCA in Groundwater

Figures 16A through 16C present the 1122-TCA distribution in groundwater for the three
assessment events (2009, February 2014, and November 2014). 1122-TCA was detected during
the November 2014 investigation at concentrations exceeding the Residential RRS in only one
shallow monitoring well, MW-7, located at the eastern end of the alley (Figure 16C). Figure 16C
shows that the horizontal extent of 1122-TCA is bounded. Both of the deeper wells are non-detect
for 1122TCA thus is it bounded in the vertical dimension as well.

3.4.2.8 Benzene

Extent of Benzene in Groundwater

Figures 17A through 17C present the benzene distribution in groundwater for the three assessment
events (2009, February 2014, and November 2014). In February 2009, benzene was detected at a
concentration of 130 ug/L in a temporary well located in the parking lot at the south end of the
facility (Figure 17A). Benzene was not detected in samples from any of the monitoring wells
installed and sampled by GEC in February 2014. However because of the 2009 detection, a new
groundwater monitoring well, MW-11, was installed east (down-gradient) of the temporary well
location and sampled as part of the November 2014 investigation. Benzene was detected at a
concentration of 44 ug/L in MW-11, while all other monitoring wells were once again non-detect
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for benzene. Although benzene does not appear to be a major COI in groundwater for this Site,
its lateral extent is not yet bounded to the south or east of the facility.

Extent of Benzene in Sub-slab Vapor

Benzene detections in sub-slab soil vapor samples were limited to three sample locations near the
alley adjacent to the abandoned storm sewer (Figure 18). Groundwater and soil sampling results
indicate that benzene is not the dominant constituent associated with the release at the abandoned
storm sewer. One sample result was in excess of 50,000 ug/m3, while the other two results were
in the range of 2,000-5,000 pug/m?.

3.4.2.9 Chloroform

Extent of Chloroform in Sub-slab VVapor

Chloroform detections in sub-slab soil vapor samples were limited to three sample locations near
the alley adjacent to the abandoned storm sewer (Figure 19). One sample result was in the range
of 2,000-5,000 pg/m?, while the other two results were < 2,000 pg/md,

3.4.2.10 o-Xylene

Extent of o-Xylene in Sub-slab VVapor

0-Xylene detections in sub-slab soil vapor samples were limited to five sample locations somewhat
randomly distributed in the northern portion of the facility (Figure 20). One sample result was in
the range of 2,000-5,000 pg/m?, while the other three results were < 2,000 pg/me.

3.4.3 Fate and Transport of COI

3.4.3.1 General Physical-Chemical Properties of the COI Products

The COI at this Site are the chlorinated ethenes (PCE, TCE and cis-DCE), and to a lesser extent
the chlorinated ethane 1122-TCA and the hydrocarbon benzene. In their product state, these COI
are present as NAPL, with all but benzene classified as a DNAPL. Benzene is the sole light non-
aqueous phase liquid (LNAPL). With respect to fate and transport, these NAPLSs can be classified
as either mobile, immobile, or dissolved. Thus, there are three states of interest: mobile NAPL,
immobile NAPL and dissolved-phase NAPL constituents. Following release at the soil surface,
NAPLs actively spread vertically primarily due to gravity. Vertical migration of NAPLSs in soil
continues through the vadose zone (through the most permeable soil layers) and if its specific
gravity is lighter than water, the NAPL spreads as a lens atop the water table (i.e., LNAPL), or if
its specific gravity is greater than water, it continues to migrate vertically into the saturated zone
(i.e., DNAPL) until the NAPL either loses continuity and becomes dispersed into isolated bodies
(referred to as ganglia or globules) or reaches a less permeable layer where it either accumulates
as a “pool” or flows laterally along the less permeable layer. During downward migration in the
vadose zone, a globule trail of residual or immobile NAPL product and sorbed-phase
contamination is left. The NAPL globules in this trail are incapable of further migration under
most circumstances; this is a condition known as “residual saturation. In some scenarios, the entire
NAPL may become immobile before reaching groundwater as product is lost to these processes.
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The specific gravity (density) of the COI products is listed in the embedded table below, along
with other physical-chemical properties described herein.

@ (t)

aqui kr /sail grain aquifar/=sil grain

Residual DNAPL saturation in (a) vadose zone porous media and (b) saturated porous media; Figure 3 in An illustrated
handbook of DNAPL transport and fate in the subsurface (Kueper et. al, 2003).

The presence of residual free-phase NAPL (mobile or immobile) and sorbed-phase NAPL in the
vadose and/or saturated zones provides a long-term source of dissolved-phase COI to groundwater.
The dissolved-phase concentration in the area of the NAPL is limited by the COI’s solubility.
Once in a dissolved-phase state, the NAPL constituents are transported by groundwater primarily
along the direction of the groundwater flow (a term known as “advection”), and to some extent
horizontally (cross- or up-gradient) due to dispersion and diffusion. The aqueous phase plume is
subject to attenuation processes such as diffusion, adsorption, volatilization and degradation.
These attenuation processes result in a gradational decrease in the COI concentration along the
groundwater flow path. All aqueous plumes will eventually reach a steady-state condition where
the plume edges no longer expand due to these processes.

Two attenuation processes, adsorption and volatilization, are highly dependent on individual COI
physical-chemical properties. Adsorption onto aquifer materials (e.g. clay minerals, iron and
manganese oxides, organic matter, etc.) slows (retards) the migration of COIl along the
groundwater flow path. The extent of retardation is a function of the constituent’s affinity for the
aquifer solids relative to groundwater, which is quantified by a soil-water partition coefficient
(Koc). COI that exhibit a Koc value of less than 100 L/kg, applicable to all COI except for benzene,
weakly to moderately partition to soil. Benzene exhibits a slightly higher tendency to adsorb to
soil and aquifer media. The final physical chemical property, volatilization, is a function of a
compounds affinity for water or soil relative to air and is quantified by the Henry’s constant (Hcc).
All Site COI are highly to moderately volatile based on their reported Hee. If a volatile COI occurs
in groundwater beneath a building, volatilization may result in the accumulation of vapor-phase
COl within the soil matrix beneath the building footprint (i.e., sub-slab soil vapor).
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Physical-Chemical Properties of Site COI

. - Hee

. Density | Solubility . Koc
Constituent mg/L) | (mgiL) (atm-rlr;e'-mol (Likg)
PCE 1.623 206 1.77-107 94.94
TCE 1.464 1280 9.85-10°° 60.7
cis-DCE 1.284 6410 4.08-10° 39.6
1122-TCA 1.595 2830 3.67-10* 94.94
Benzene 0.877 1790 5.55-10°% 145.8

3.4.4 Degradation Processes of the COI

3.4.4.1 Choroethenes (PCE, TCE, cis-DCE)

In the event of a release to the environment, PCE (parent) product and its degradation (daughter)
products, TCE, cis-DCE and VC are subject to abiotic and biotic degradation pathways. PCE and
TCE undergo biotic reductive dechlorination primarily to cis-DCE and VC by several
microorganisms under reducing conditions, however only one microorganism, Dehalococcoides
sp., is known to completely dechlorinate PCE and TCE to ethene or ethane under reducing
conditions. In the majority of groundwater systems, reductive dechlorination stops at cis-DCE or
VC indicating geochemical conditions or the appropriate microorganisms are not available for
complete degradation. Alternate pathways to complete degradation however, are known. Several
investigations conducted by the USGS with aquifer and streambed sediments have demonstrated
that microbial oxidation of the daughter products cis-DCE and VC, is significant and results in
complete dechlorination of PCE/TCE (USGS, 2014). The combination of reductive dechlorination
under anaerobic conditions followed by aerobic microbial oxidation of the daughter products
provides a second possible pathway for complete degradation of PCE to ethene in groundwater
plumes. PCE may also may also be degraded abiotically by reduced mineral surfaces such as iron
sulfides and adsorbed ferrous iron (Lee and Batchelor, 2002).

As discussed in earlier in Section 3, the presence of TCE and cis-DCE further along the flow path
of the aqueous plume indicates that reductive chlorination is occurring at the Site. However, the
degradation process appears to have stalled, as VC has not been detected along the flow path of
the plume. Thus, Site conditions may be limiting for complete reductive dechlorination (e.g.
substrate or microorganism limited) or microbial oxidation is not occurring at the Site.

3.4.4.2 1122-TCA

In the environment, 1122-TCA degradation processes include several abiotic pathways
(hydrolysis, dichloroelimination and dehydrochlorination) and biodegradation through
cometabolism. The abiotic pathways can result in several daughter or intermediate products
including: (i) hydrogenolysis of 1122-TCA to 112-TCA and subsequent degradation to VC or
ethane via dichloroelimination in strong reducing environments; (ii) dichloroelimination of 1122-
TCA to form cis- and trans-1,2-DCE; and (iii) dehydrochlorination of 1122-TCA to form TCE
(Lorah and Voytek 2004). 1122-TCA has only been detected in the core of the groundwater plume
(in the area of the PCE release), which suggests either 1122-TCA was only a minor component of
the release, or that significant degradation of 1122-TCA has occurred.
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3.4.4.3 Benzene

Unlike the chlorinated COI, benzene is generally considered recalcitrant under reducing condition
or in the absence of oxygen. In the presence of oxygen, benzene is typically degraded by numerous
microorganism species at moderate to high rates. In the absence of oxygen, limited
microorganisms may be capable of degrading benzene, but the process is less well understood.
Potential factors that may limit benzene biodegradation include: (i) inhibitory effects from co-
contaminants; (ii) lack of anaerobic benzene degraders in subsurface sediments; and (iii) anaerobic
microorganisms that degrade benzene may require narrow environmental conditions for optimal
functioning (Vogt et al 2011). To date, benzene has been reported in only one temporary well
located in the south-central portion of the facility and at a lesser concentration at a single
monitoring well down-gradient of this location (near the Site property boundary), indicating the
release was limited or transport is limited due to subsurface conditions and/or biodegradation.

3.4.5 Volatilization of Groundwater COI

There is a noticeable shift in the relative concentration of TCE to PCE between soil and
groundwater. In soil, it is a PCE-dominated condition reflective of a PCE source product release
(minimal biodegradation occurs in the soil thus the soil TCE concentration is relatively low).
However in groundwater the two COI are more similar in concentration, due to biologically-
induced degradation of PCE to TCE. Both of these constituents are similar in their volatilization
potential, and the sub-slab soil vapor data also shows a generally similar condition between PCE
and TCE suggesting that volatilization from groundwater is the mechanism for the soil gas
condition.

3.5 Potential Receptors and Exposure Pathways

3.5.1 On-Site Receptors and Exposure Pathways

On-Site receptors (current and potential future) include Site Workers, Trespassers, and
Construction Workers. Media of potential exposure include contaminated soil (dermal exposure,
ingestion, inhalation), groundwater (dermal exposure, ingestion), and sub-slab soil gas (leading to
possible indoor air exposure/inhalation). Figure 21 is a conceptualization of Site conditions,
exposure pathways, and receptors.

Soil contamination is concentrated in proximity to the abandoned storm sewer line. The current
and/or potential future human receptors to the soil condition are listed below along with a
discussion of the rationale behind their identification and the pathways through which they could
potentially be exposed.

e Current/Future Site Worker: It is anticipated that the facility will continue to operate in its
current capacity for the foreseeable future. Receptors associated with this type of land use
can potentially have long-term exposure to site-related chemicals in surface soil via
ingestion and dermal contact. However, the on-Site areas impacted by the release of
regulated substances are covered by concrete or asphalt, which prevents worker exposure
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to the underlying soil. Exposure to site workers is more likely to occur via the inhalation
of volatiles in indoor air. Based on June 2009 sub-slab vapor results, the primary potential
indoor air contaminants are PCE and TCE. The Occupational Health and Safety
Administration (OSHA) permissible exposure limit (PEL) based on an 8-hr time weighted
average (TWA) is 100 ppmv for PCE (~678 mg/m? air) and 100 ppmv for TCE (537
mg/m?®). In November 2009, EPS collected 16 indoor air quality samples from various
locations inside multiple manufacturing areas for VOC analysis. No VOCs were detected
in the samples, with laboratory detection limits below the OSHA PELs. If such vapor
migration is occurring, it is very likely that the concentrations of these chemicals in indoor
air would be well below the applicable OSHA standards. Additionally, the sub-slab vapor
and indoor air investigations were conducted prior to the installation of the SVE system,
which has been operational since October 2010. Current indoor air conditions are expected
to be better than the conditions in 20009.

e Current/Future Construction Worker: Construction workers could potentially have short-
term (<1 year) exposure to chemicals in mixed surface and subsurface soil (0-10 ft. bgs)
via ingestion, dermal contact, and inhalation of volatiles and particulates. The distribution
of soil contamination is well understood for the Site, and with a robust health and safety
program in place, exposure to construction workers can be managed according to OSHA
Hazardous Waste Operations (Hazwoper) protocols.

3.5.2 Off-Site Receptors and Exposure Pathways

The Roper facility is part of an industrial park area within the western portion of the limits of the
City of Commerce, Georgia. Land use in vicinity of the Site includes a mixture of primarily
agricultural land use to the northwest, west, and southwest and residential development to the
north, east and south (Figure 22). The area is currently served by the City of Commerce public
water supply. However, a number of residences within the area utilize domestic water supply
wells for water supply. This is the primary receptor for the area away from the Site.

EPS performed an initial potable water well survey in 2009 and updated it in October 2014. The
2014 water well survey was conducted in four stages: 1) a desktop analysis; 2) a review of City of
Commerce Water Department records; 3) field verification; and 4) final analysis. During the
desktop analysis, locations for possible water wells were initially developed from the 2009 survey
and further researched using various mapping software (ArcGIS, Google Earth). A list of
addresses was developed and submitted to the City of Commerce Utilities Department in order to
determine which addresses were utilizing the City’s potable water supply. Customers of the City’s
Utilities Department were then omitted from the field investigation stage, unless prior notes from
2009 showed evidence of continued use of a drinking water well. EPS personnel conducted door-
to-door interviews with residences that did not have records associated with the City of Commerce
Utilities Department. Data was compiled on a survey form that was filled out by field personnel
and/or residents (Appendix G).
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In total, 22 drinking water wells are located within 0.5-miles of the Site. Of the 22 addresses with
known water wells, four have both a water well and a connection to City water; however, their
primary source of drinking water was determined to be from the City. The locations of residences
with known water wells can is shown on Figure 22. Also shown on Figure 22 are the land parcel
boundaries and the configuration of the City’s water supply pipeline. A number of residences were
either not available or unwilling to disclose information pertaining to their primary source of
drinking water. EPS inferred from the presence of visible well pump houses or discussions with
neighboring residences that four of these locations within a 0.5-mile radius of the Site potentially
have water wells. These potential water well locations are also shown on Figure 22. Given that
the VOC concentrations at the property line of the Site are quite low, and the fact that there does
not appear to be a deep groundwater contamination problem at the Site, the likelihood of any issues
with off-Site water supply wells is deemed negligible.
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4 POTENTIAL REMEDIAL OPTIONS

4.1 Overview

Preliminary evaluations of potential remedial options for soil, groundwater, and soil vapor are
provided in this section, developed from the existing CSM and the distribution of COI as described
in Section 3.

4.2 Evaluation of Remedial Options for Soil

4.2.1 Screening of Remedial Options

As provided in Section 3, two soil VOCs (PCE, and TCE) are identified for the Site. Soil
detections reported above RRS are laterally delineated to areas currently capped with concrete;
therefore, a pathway of direct exposure to contaminated soil for Site workers or trespassers has
been removed. Based on this Site-specific condition, the following remedial options are developed
for the soil:

1. no action/natural attenuation;
2. preserved capping; and
3. continued SVE.

Excavation (removal) remedial approach is cost prohibitive and, moreover, not a viable option
given that the facility is currently being operated. Bioremediation was considered and deemed
inviable because of difficulty in maintaining soil moisture (necessary for active microbial activity)
beneath the concrete and asphalt surface layer.

4.2.2 Description of Remedial Options

4.2.2.1 No Action/Natural Attenuation

A no action/natural attenuation approach is not favored until operation of the SVE system has
removed VOCs to a point that continued operation of the SVE system would have little additional
benefit. Effectiveness of the SVE system would be gauged by monitoring the mass of VOCs
removed per unit time. Subsurface soil conditions would have to be re-characterized at that time
to assess compliance with RRS.

4.2.2.2 Preserved Capping

As noted, the area of the Site with subsurface soil contamination is currently capped with concrete
or building foundations, or asphalt parking. As such, a capping approach would preserve the
current cap infrastructure to prevent direct exposure to soil by Site workers or trespassers. An
Operations, Monitoring and Maintenance (OM&M) program would be instituted to ensure long-
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term function of the cap. Furthermore, a Health and Safety Plan (HASP) would be developed to
ensure safety involving future intrusive construction work.

4.2.2.3 Continued SVE

Prior remedial action to address soil VOCs was implemented in October 2010 as described in
Section 2.2 of this document, and included installation of a SVE system comprised of 71 two-inch
SVE vertical wells and several lateral wells. This option will continue operation of the existing
SVE system to a point that continued operation of the SVE system would have little additional
benefit.

4.3 Evaluation of Potential Remedial Options for Groundwater

4.3.1 Screening of Remedial Options

As illustrated in Section 3, the chlorinated ethene group of VOCs is the dominant component of
the groundwater plume at the Site (primarily PCE and TCE). Transport of dissolved VOCs to the
down-gradient (eastern) property boundary is limited to chlorinated ethenes (PCE, TCE and cis-
DCE), whereas chlorinated ethanes (e.g., 1122-TCA) only occur near the release area, possibly
due to preferential degradation of chlorinated ethanes by intrinsic microbial communities. The
presence of TCE and cis-DCE also indicate degradation of chlorinated ethenes is occurring, with
daughter products reported at higher concentrations compared to PCE in some wells. Based on
these site-specific conditions, the following remedial options are presented for the groundwater:

no action;

monitoring natural attenuation;
enhance in-situ bioremediation;

in-situ chemical oxidation (ISCO); and
combination of the above.

o b~ w P

4.3.2 Description of Remedial Options

4.3.2.1 No Action

A no action approach is not practical at this time as delineation of VOC in groundwater to the east
has not been completed.

4.3.2.2 Monitored Natural Attenuation

A monitored natural attenuation (MNA) approach may be a viable option subject to demonstrating
through continued monitoring and/or modeling that natural processes, e.g., sorption, dispersion,
volatilization, abiotic degradation and biodegradation, results in the degradation of VOCs.
Degradation through MNA processes must be sufficient to reduce VOC concentrations to RRS at
a to-be-determined Point of Exposure.
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Data gaps that must be addressed under an MNA approach include:

1. obtaining additional data on MNA indicator geochemical parameters in support of a more
formal evaluation for the feasibility of MNA (according to an EPA scoring matrix);

2. completing off-Site delineation of groundwater COI,
3. establishing the appropriate Point of Exposure;

performing additional groundwater monitoring over time to assess VOC degradation rates
and data trends; and

5. completing a groundwater flow/solute transport model to predict the COI condition at the
Point of Exposure.

4.3.2.3 Enhance In-situ Bioremediation

Enhanced in-situ bioremediation is considered a viable approach to reduced groundwater VOC
concentrations if Site conditions are favorable for supporting microorganisms capable of degrading
the VOC, and a long-term management strategy is reasonable for the Site. Bioremediation of
chlorinated solvents, i.e. reductive dechlorination, is a well-understood degradation process that is
fully capable of complete conversion of PCE and TCE to benign ethene/ethane. In the event Site
conditions are limited by either a lack of appropriate indigenous microorganisms or appropriate
substrates to maintain microbial growth, several engineered approaches are feasible to stimulate
bioremediation. These may include introduction of a suitable electron donor substrate to increase
the activity of indigenous microorganisms, or in the event appropriate microorganisms are not
present, the aquifer can be bioaugmented with appropriate microbial populations. The resources
to assess possible limitations to bioremediation are commercially available as are the resources to
implement enhanced bioremediation.

Data gaps that must be addressed under an enhanced in-situ bioremediation approach include:

1. performing a preliminary evaluation for the feasibility of enhanced bioremediation, i.e.
assess Site geochemistry and current VOC data;

2. testing for the presence of indigenous microorganism capable of degrading chlorinated
solvents; and

3. testing for aquifer parameters that may be limiting to an enhanced bioremediation approach
(e.g., electron donor concentrations).

4.3.2.4 In-Situ Chemical Oxidation

In-situ chemical oxidation (ISCO) treatment is generally considered a viable remediation method
for chlorinated VOCs dissolved in groundwater. The appropriateness of ISCO technology depends
on matching the oxidant and delivery system to the Site-specific contaminants and conditions.
Based on the contaminants and conditions at the Site, the potential chemical oxidants considered
include permanganate and persulfate. Although permanganate will not address dissolved
chlorinated ethanes, permanganate is still considered applicable, as the chlorinated ethanes do not
appear to be migrating from the release area, possibly due to intrinsic degradation by microbial
communities. Persulfate, which exhibits a higher oxidation potential than permanganate, is also
applicable and could be utilized to address all groundwater VOCs.
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Data gaps that must be addressed under an ISCO approach include:
1. collecting additional Site-specific data to design an ISCO approach, e.g. geochemical
parameters; and

2. performing treatability studies for ISCO options to determine application rates and product
loss to natural oxidant demand (NOD) in the soil.

4.3.2.5 Combination Remedy

Several of the remedial options above could be used in combination to create an efficient, cost-
effective remedy.

4.4 Evaluation of Remedial Options for Sub-slab Vapor
Mitigation
4.4.1 Screening of Remedial Options

The sub-slab soil gas sampling performed in 2009 preceded the installation of the SVE system.
Operation of the SVE system has likely altered the sub-slab soil gas condition and possibly
mitigated the vapor accumulation characterized in 2009. Accordingly, it is prudent to re-
characterize the sub-slab soil gas condition prior to making a decision whether remedial action is
necessary, and if so, which remedial option is preferred.

Potential remedial options include:

1. modifying the building HVAC system to alter airflow exchange and cycling;

2. sealing facility foundation (gaps and/or cracks) to prevent vapor migration into occupied
areas; and

3. installing an active sub-slab depressurization system.
4.4.2 Description of Remedial Options

4.4.2.1 Modify Building HVAC System

The option to modify the facility HVAC system may be viable based on an assessment of the
current HVAC system and options to change airflow patterns and exchange rates. Increased
ventilation (i.e., increasing the rate at which indoor air is replaced with outdoor air) can reduce the
buildup of indoor air contaminants within a structure. This option may be achieved with natural
ventilation depending on area use, or forced air replacement in climate-controlled areas.

4.4.2.2 Seal Facility Foundation

Vapor intrusion into the facility may be reduced by sealing foundational openings (cracks or gaps)
or by coating foundation floors with specialty coatings designed to mitigate vapor intrusion.
Sealing of gaps and crack is among the easiest and least expensive to implement if accessible.
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4.4.2.3 Active Sub-Slab Depressurization

Active depressurization technologies are a viable option to address vapor intrusion issues and are
widely considered the most practical vapor intrusion mitigation strategy for existing buildings.
Active depressurization systems function by creating a pressure differential across the building
slab to prevent soil gas entry into the building. The depressurization is accomplished by extracting
soil gas from beneath the slab and venting it to the atmosphere with low vacuum fans. Retrofitting
existing buildings for active sub-slab depressurization is a relatively low cost approach, but
requires breaching the foundation slab and installing small sumps that a vacuum can be applied to.
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5 PROJECTED MILESTONE SCHEDULE

Appendix H provides the projected milestone schedule for the Site activities. Following are the
key milestones (based upon approval of the VIRP first quarter 2015):

e Horizontal delineation of VOCs in groundwater (offsite) one (1) year from the date of
approval of the VRP application by EPD;

e Securing offsite properties as Site participants (i.e., “eligible properties”) two (2) years
from the date of approval of the VRP application by EPD,;

e Final remediation plan thirty (30) months from the date of approval of the VRP application
by EPD; and

e Completion of remedial action and the Compliance Status Report five (5) years from the
date of approval of the VRP application by EPD.
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APPENDIX A

Voluntary Remediation Program Application and Checklist
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Roper Pump Company
Soil PCE as Multiple of Residential RRS (10 to 15 ft bgs)
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Roper Pump Company
Soil PCE as Multiple of Residential RRS (15 to 20 ft bgs)

— 2

0 75 150 300 Legend —ra Multiple of Residential RRS
. —— ] % Fence ailroad 0 <ix
Feet Overhang

=== Abandoned Storm Sewer Roper Property Line O 1-5x

=== Drainage Ditch [ Building . 5-10x

= Storm Drain ' 10 - 100x

Parking Lot
~—— Roads ‘ >100x
L3
Figure No. 9E

Environmental Planning Specialists, Inc.
F:\Roper_Pump\GIS_Projects\VRP_Application



Groundwater PCE as Multiple of Residential RRS (Sampled May 2009)
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Groundwater PCE as Multiple of Residential RRS (Sampled February 2014)
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Groundwater PCE as Multiple of Residential RRS (Sampled November 2014)
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Roper Pump Company
Sub-Slab Vapor PCE Concentration
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Roper Pump Company
Soil TCE as Multiple of Residential RRS (0 to 2 ft bgs)
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Roper Pump Company
Soil TCE as Multiple of Residential RRS (2 to 5 ft bgs)
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Roper Pump Company
Soil TCE as Multiple of Residential RRS (5 to 10 ft bgs)
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