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1 INTRODUCTION

This Site-Wide Groundwater Monitoring Report presents the groundwater monitoring activities completed
in 2016 at the Revitalizing Auto Communities Environmental Response Trust (RACER Trust) (formerly
General Motors Corporation [former GM Corporation]) facilities located in Moraine, Ohio (Site; Figure 1).
The facilities included:

o former Delphi Harrison Thermal Systems Moraine Plant (former Delphi Thermal Moraine)
o former General Motors Powertrain Group, Moraine Engine Plant (former Moraine Engine)

o former General Motors Truck Group, Moraine Assembly Plant (former Moraine Assembly)

Current property owners and parcel boundaries associated with the Site are shown on Figure 2.

This report addresses the site-wide groundwater monitoring program (Table 1) and the performance of
the ongoing interim measures. These interim measures were included in the Interim Measures/Corrective
Measures (IM/CM) Report (Arcadis Geraghty & Miller, Inc. 2001) and incorporated the Former Oil House
Area interim measures (in-situ remediation of groundwater, Figure 3); the capture zone interim measures
(pump and treat system for the upper aquifer and pumping for the lower aquifer, Figure 3); institutional
actions (the Site will remain industrial and groundwater use will be restricted); and a site-wide
groundwater monitoring program. The groundwater monitoring for the facilities was conducted in
accordance with the approved Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002) and as
modified in the Site-Wide Groundwater Monitoring Report for 2009 (Arcadis, Inc. 2010).

1.1 Site Description

The Site has been used for industrial purposes since the property was acquired in the mid-1920s by
former GM Corporation. The former Moraine Engine and Moraine Assembly facilities occupy
approximately 282 acres, while the adjacent former Delphi Thermal Moraine facility occupies
approximately 143 acres (Montgomery County Engineer’s Office). The facilities are located in the City of
Moraine in Montgomery County in southwestern Ohio. A small portion of the Moraine Assembly facility is
located in the City of Kettering. Figure 1 presents the location of each facility, property boundaries, and
site features.

Frigidaire (a former division of former GM Corporation) produced appliances from the late 1920s until
1979. Former GM Corporation announced the shutdown of all Frigidaire operations in January 1979.
During 1980 and 1981, the majority of the former Frigidaire Plant 2 was converted to the former Moraine
Engine facility, and the former Frigidaire Plant 3 and the northeast corner of former Frigidaire Plant 2
were converted to the Moraine Assembly facility. Since 1981, former Moraine Engine operations have
included the machining, painting (this operation was discontinued in September 1995), and assembly of
diesel truck engines. Operations at the former Moraine Engine facility ceased in the fall of 2000. The plant
building has undergone decommissioning and demolition, and the majority of this site has been covered
with a parking surface. Former GM Corporation operated a regional haulaway at the location of the former
Moraine Engine plant, which was referred to as the Vehicle Distribution Center. Operations at the regional
haulaway ceased in December 2008.
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G:\Public\MOTORS\04- OMM Lagoon_Landfills_GWM\Annual Report\2016\RACER Trust Moraine - 2016 Annual Report - FINAL.docx 1



SITE-WIDE GROUNDWATER MONITORING REPORT FOR 2016

Beginning in 1981, former Moraine Assembly operations included the manufacturing, assembly, and
painting of small trucks and later sport utility vehicles. Operations at the former Moraine Assembly ceased
in December 2008. Currently, an active diesel engine manufacturer, DMAX Ltd. (DMAX), is located north
of former Delphi Thermal Moraine. DMAX is a joint venture between General Motors and Isuzu. This area
was historically associated with the former Moraine Assembly and Engine Plant operations.

Former Delphi Thermal Moraine’s major operations, which began in 1941, included the machining and
assembly of automotive air conditioning compressors, accumulator dehydrators, and miscellaneous air
conditioning valves. Operations at the former Delphi Thermal Moraine Building 14 ceased in September
2003 and the building was decommissioned. Demolition of Building 14 was completed in 2005.

On June 1, 2009, former GM Corporation and certain subsidiaries filed voluntary petitions for relief under
Chapter 11 of the Bankruptcy Code. An order was entered approving the sale of substantially all of former
GM Corporation’s assets to a new and independent company (now known as General Motors Company,
LLC) under Section 363 of the Bankruptcy Code on June 5, 2009. The sale closed on July 10, 2009. At
that time, former GM Corporation changed its name to Motors Liquidation Company (MLC). RACER Trust
was established on March 31, 2011 by a federal bankruptcy court to own, manage, remediate, and
revitalize the properties from the 2009 former GM Corporation bankruptcy.

On June 30, 2011, RACER Trust sold former Delphi Thermal Moraine, former Moraine Engine Plant, and
former Moraine Assembly Plant to Industrial Realty Group Moraine, LLC (IRG). As part of the property
transfer, RACER Trust retained environmental liability for these properties.

Current Site operations include multi-tenant use for industrial purposes. The closed South Settling
Lagoon was not included in this property transaction. The closed South Settling Lagoon was retained by
RACER Properties LLC.

On September 29, 2011, the Administrative Order on Consent (AOC) for the Moraine Site was fully
executed proceeding under Section 3008(h) of the Resource Conservation and Recovery Act (RCRA), as
amended, 42 United States Code (U.S.C.) Section 6928(h), United States Environmental Protection
Agency (U.S. EPA) Docket No: RCRA-05-2011-0016. The performance—based AOC covers corrective
action for past releases of hazardous contaminants at or from the Site.

IRG currently leases several portions of the Site for industrial purposes. IRG sold several portions of the
property in 2014. Figure 2 provides details of the established parcels and current owners. Specifically, the
following transactions were completed in 2014

e Copart of Connecticut, Inc. (Copart) acquired Lot #5433 (Parcel IDs J44 26413 0015 and J44 26413
0016) on May 2, 2014. Copart currently utilizes this lot to store cars for online auctions.

e Fuyao Asset Management A, LLC (Fuyao) acquired Lots #1, #2, #5438 on May 15, 2014. Fuyao
currently produces and stores Original Equipment Manufacturer (OEM) automotive glass at this
facility.

¢ Inland Property Management, Inc. acquired Lot #5436 on May 13, 2014. This lot is currently occupied
by RJ Trucking, Inc.

Since 2014, property ownership has remained the same.
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1.2 Groundwater Monitoring Program Objectives

The objectives of groundwater monitoring at the former Moraine Facilities are as follows:

1. Monitor groundwater quality upgradient and downgradient of the closed North and South Settling
Lagoons

2. Monitor groundwater quality upgradient and downgradient of Landfills L1, L2, and L3
3. Monitor the effectiveness of the lower aquifer capture (DN-13) downgradient of property boundary

4. Monitor the effectiveness of corrective measures activities in in-situ reactive zones RZ-1, RZ-3, and
RZ-4 east, to address chlorinated volatile organic compounds (VOCs) related to the Former Oil
House Area

5. Monitor an appropriate list of wells once corrective measures objectives (CMOs) have been met, as
discussed in the 2012 Corrective Measures Proposal (CMP) (Arcadis, Inc. 2012a), to verify that these
objectives continue to be met without the active measures

1.3 Baseline Groundwater Monitoring Program Sampling Event

To provide a basis for evaluating the performance of the interim measures, a comprehensive site-wide
groundwater sampling event for VOCs was completed in September 1999 to establish a baseline data
set. The next site-wide groundwater sampling event was completed between September and October
2000. During the 2000 sampling event and at the request of the U.S. EPA, groundwater samples were
analyzed for Appendix IX chlorinated VOCs and cis-1,2-dichloroethene (cis-1,2-DCE) by Method 8260,
semi-volatile organic compounds (SVOCs) by Method 8270, and metals by Method 6010B to verify that
current groundwater conditions were consistent with previous site conditions. The results of this one-time
sampling event confirmed that chlorinated VOCs were the only constituents of potential concern in
groundwater at the Site. SVOCs were not detected and metals were not detected above levels of concern
during the 2000 sampling event. The analytical results from the 1999 baseline event and the 2000 site-
wide event are presented in the IM/CM Report (Arcadis G&M, Inc. 2001).

1.4 Interim Measures Description

141 In-Situ Reactive Zones

The reductive dechlorination of chlorinated VOCs can be enhanced by the introduction of a carbon source
that stimulates activity of indigenous microorganisms. The high carbon loading triggers a succession of
microbial species. Initially, aerobic electron acceptors such as oxygen and nitrate are consumed. Then,
the microbial succession leads to a consortium of species that survive by sulfate reduction,
methanogenesis, and other similar metabolic pathways supporting the highly reducing conditions
necessary for the dechlorination of tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-DCE, and
vinyl chloride. This enhanced reductive dechlorination (ERD) process has been developed at the Site
through the use of in-situ reactive zones for the introduction of a degradable carbon source necessary to
develop the desired reducing conditions.
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Enhanced reductive dechlorination was implemented in 1999 as a component of the Former Oil House
Area interim measures at three in-situ reactive zones: 1) at the southern boundary of the Former Qil
House Area (RZ-1); 2) at an intermediate downgradient location south of the Former Oil House Area in
the ME well series area (RZ-2 which was operated from 1999 to 2002); and 3) at a downgradient location
south of former Delphi Thermal Moraine (RZ-3 West) and the former Moraine Engine plant (RZ-3 East).
Using the data obtained from the Supplemental Groundwater Investigation conducted in 2006, RZ-4 was
designed and installed to address chlorinated VOC impacts identified west of RZ-3 West (GM-16). The in-
situ reactive zone locations are shown on Figure 3. The actual layouts of each in-situ reactive zone are
shown on Figures 4 and 5 and discussed below:

e At RZ-1, molasses solution is introduced into the upper aquifer, above the upper clay till. The carbon
source solution injection wells are screened across the lower 10 feet (ft) of this portion of the upper
aquifer, which is 4 ft to 12 ft thick. RZ-1 consists of 21 injection wells, of which 12 wells (RZ-1J
through RZ-1U) were added in 2002 to expand RZ-1.

e Former RZ-2 consisted of four monitoring wells (ME-1 [abandoned], ME-2, ME-4, and ME-5
[abandoned])), located along the western edge of the former Moraine Engine Plant 3 building. The RZ-
2 wells were screened within the upper 3 ft of the upper aquifer. RZ-2 was operated from 1999 to
2002.

e RZ-3 consists of 46 injection wells, 30 wells in RZ-3 West (RZ-3A through RZ-3DD) and 16 wells in
RZ-3 East (RZ-3FF through RZ-3KK and RZ-3MM through RZ-3VV). At RZ-3, the injection wells are
screened from the approximate upper aquifer water table to a depth of 46 ft to 68 ft below land
surface (bls), to allow carbon source solution introduction to the lower 20 ft to 30 ft of the upper
aquifer. Injection wells RZ-3RR through RZ-3VV were installed in April 2005 in order to establish a
reactive zone further down-gradient and closer to the property boundary. The additional injection
wells are screened from 34 ft to 54 ft bls. Injection wells RZ-3MM through RZ-3QQ have not been
operated since the installation of RZ-3RR through RZ-3VV in 2005; therefore, of the 16 existing
injection wells in RZ-3 East, only 11 are active.

e RZ-4 consists of 15 injection wells, seven wells in RZ-4 West (RZ-4l through RZ-40) and eight wells
in RZ-4 East (RZ-4A through RZ-4H). These injection wells were installed in July 2006. The RZ-4
West injection wells are located in the southeast corner of the closed South Settling Lagoon and the
RZ-4 East injection wells are located north of Landfill L1 and west of the Waste Pile/Staging Area. At
RZ-4, the injection wells are screened approximately from the water table of the upper aquifer to a
depth of 57 ft to 62 ft bls, to allow carbon source solution introduction to the lower 30 ft of the upper
aquifer. Only RZ-4 East remains active.

To establish conditions conducive to ERD within in-situ reactive zones RZ-1, RZ-2, and RZ-3, a readily
degradable carbon source (a dilute solution of molasses and potable water) was periodically delivered
into the injection wells during a 6-month period from December 1999 to May 2000. The molasses solution
consisted of either a 10-to-1 or 20-to-1 ratio of potable water to feed-grade molasses that was pumped
into each injection well. The initial event, conducted in December 1999, consisted of two consecutive
rounds of carbon source solution introductions in each in-situ reactive zone injection well. After the initial
introduction event, the carbon source solution introductions were scheduled twice per month through May
2000. Due to the success during the first six months of implementing this technology, carbon source
introduction activities continued in October, November, and December 2000 and subsequently from June
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2001 through December 2016. Carbon source solution injection volumes in 2016 are summarized on
Table 2.

Introductions in RZ-1 were modified in the fall of 2003 after review of the previous site-wide groundwater
analytical results. Due to the success of RZ-1, reduced carbon loading was implemented at a frequency
of one introduction event every other month. Monitoring well GM-28 was periodically sampled to verify
that the necessary reducing conditions were being sustained to promote the reductive dechlorination
process. In May 2005, the introduction routine was changed to two injections every quarter to maintain
reducing conditions and provide sufficient carbon to allow for complete degradation of the chlorinated
VOCs.

Monthly carbon source solution injections were completed in 2013 in in-situ reactive zones RZ-1, RZ-3,
and RZ-4 East through August, with the exception of January, due to weather conditions. The frequency
of substrate injections at in-situ reactive zones RZ-1, RZ-3, and RZ-4 East was modified starting in
September 2013. This amended schedule included quarterly carbon source solution introductions based
on the updated Conceptual Site Model (CSM), specifically transport velocities in the upper aquifer. The
groundwater mass transport velocity was evaluated and refined as part of the 2012 CMP (Arcadis, Inc.
2012a) using data generated through operation of the injection program and the Pre-Design Investigation.
The results of the evaluation indicated that the estimated mass transport velocity is approximately 0.25
feet per day (ft/day), which is slower than the estimates generated prior to initiation of the injections in
1999 (i.e., greater than 1 ft/day). Calculations were subsequently completed to evaluate the current
injection frequency relative to the revised (lower) mass transport velocity. Specifically, the estimated time
for the molasses solution to “wash out” of the in-situ reactive zone area through groundwater transport
was estimated assuming a mass transport velocity of 0.25 ft/day. The results of these calculations
indicated that molasses will wash out of the in-situ reactive zone area every 3 to 4 months.

During the initial period of the amended introduction schedule (quarterly), an evaluation was completed to
confirm the estimated carbon source wash out rate and to confirm that the interim measure remained
effective. This evaluation consisted of baseline sampling and a 3 month discontinuation of carbon source
introductions from December 2013 through February 2014 to provide data for the establishment of
organic carbon degradation trends. The organic carbon degradation trends were subsequently used to
confirm the theoretical quarterly wash out rate.

To support the injection frequency evaluation, groundwater samples were collected from in-situ reactive
zone wells RZ-1E, RZ-3D, RZ-3S, RZ-3TT, and RZ-4E for the analysis of total organic carbon (TOC).
Baseline groundwater grab samples for TOC were collected on December 11, 2013, immediately
following completion of the November 2013 injection in these wells. Grab groundwater samples for TOC
then were collected from the same five in-situ reactive zone wells in January and February 2014. In
addition, groundwater samples were collected for the analysis of TOC, methane, ethene, ethane, and
VOCs from monitoring wells GM-19S, GM-21, and GM-32 during the site-wide annual groundwater
monitoring event in October 2014.

TOC generally decreases on a first-order relationship. As such, first order decay rate constants were
calculated and used to estimate/extrapolate when it is expected that concentrations will reach 20
milligrams per liter (mg/L) at each carbon source solution injection location and on a site-wide/average
basis. Twenty mg/L is the optimal concentration that typically results in sufficient excess organic carbon to
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drive ERD within the in-situ reactive zone area. Ultimately, these calculations were used to document the
proposed revised injection frequency.

A summary of the TOC analytical results collected during the evaluation period is provided in Appendix A.
Using these data, a unique degradation half-life (k-value [day']) was calculated for each of the sampled
injection wells (RZ-3D, RZ-3S, RZ-3TT, RZ-1E, and RZ-4E). The hydraulic conductivity estimates
provided in the 2012 CMP (Arcadis, Inc. 2012a) were then used to calculate the time it would take the
TOC levels to drop to 20 mg/L starting from the day of the injection event. A summary of the half-life
analysis is provided in Appendix A. As shown on Table A-2, the calculated required injection frequency
ranges from approximately 6 to 13 months with an average of approximately 9 months.

The organic carbon degradation trend evaluation confirmed the revised site model and that a reduced
injection frequency was warranted at the Site. As a conservative initial step, the injection frequency was
reduced to quarterly (e.g., as opposed to every 6 to 13 months). In addition, monitoring data collected
from GM-19S, GM-21, and GM-32 during the site-wide annual sampling event in October 2014 confirmed
that the ERD process has not been adversely affected as a result of the revised injection frequency.
Specifically, methane, ethane, ethene, and chlorinated VOC analytical data were consistent with historic
data as discussed in Appendix A. Additional injection frequency reductions may be evaluated and
recommended at a future time based on the results presented herein and future performance monitoring
data.

1.4.2 Capture Zones

The capture zone interim measure for the upper aquifer consisted of groundwater extraction at the
property boundary using well TW-2, treatment through an air stripper tower, and discharge through a
National Pollution Discharge Elimination System (NPDES) permitted outfall to the south storm water
retention basin ultimately discharging to the Great Miami River. Groundwater recovery from TW-2 began
on January 31, 1996. On July 20, 2012, RACER Trust sent the U.S. EPA a letter indicating that operation
of TW-2 would be discontinued. RACER Trust indicated operation of TW-2 was no longer necessary and
was shut down on July 31, 2012 based on the performance of the upgradient in-situ reactive zone barrier
and groundwater sampling data results collected monthly over 6 months. These results were presented in
a letter from RACER Trust to the U.S. EPA on April 24, 2013 (Arcadis, Inc. 2013b).

Well DN-13 is a lower aquifer extraction well that is owned and operated by Montgomery County and has
been used in a Pump-to-Waste Program since March 1990 in cooperation with former GM Corporation/
MLC until March 31, 2011 and continued with RACER Trust. The capture zone interim measure for the
lower aquifer consists of continued pumping of DN-13 in 2016. Samples at the DN-13 invert outfall and
sampling port of the wellhead are collected and flow rate data is collected on a monthly basis as a
requirement of the NPDES permit and is submitted to the Ohio Environmental Protection Agency (Ohio
EPA). Well DN-13 was operational throughout 2016 except for the periodic shutdowns related to power
failures and for operation and maintenance activities. Details on well DN-13 operation and lower aquifer
capture analysis are discussed in Section 3.2. The location of well DN-13 is shown on Figure 3.
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2 GROUNDWATER MONITORING SUMMARY

In accordance with the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002), annual
groundwater sampling was completed from 2001 through 2016. The latest annual groundwater monitoring
was completed in August 2016. The 1999 baseline through 2015 groundwater quality data for the site-
specific VOC parameter list are reproduced in tables in Appendix B. For 2016, the site-specific VOC
groundwater data is summarized in Table 3 of this report. This information is used to support the
evaluation of the groundwater quality of source areas, the effectiveness of the on-going interim measures
(in-situ reactive zones and capture zones), monitoring the closed settling lagoons, and monitoring plume
migration. Monitoring for 1,4-dioxane was also completed in August 2016. The 2014 through 2016
groundwater 1,4-dioxane concentration data is summarized in Table 4. A summary of the activities and
methodologies completed in 2016 is presented in Section 2.1, and the groundwater monitoring results are
presented in Section 2.2.

2.1 Groundwater Monitoring Activities/Methodologies

To meet the objectives of the groundwater monitoring program, the scope of work presented in Section
3.0 of the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002) and Section 5.0 of the Site-
Wide Groundwater Monitoring Report for 2015 (Arcadis, Inc. 2016) was implemented during 2016. The
following sections summarize collection of the annual groundwater elevation measurements, monthly
groundwater monitoring, and annual site-wide groundwater monitoring.

211 Groundwater Elevation Monitoring

Groundwater levels were measured on September 13 and 14, 2016. The measured wells included on-site
and off-site monitoring wells at the three facilities as shown on Figure 6 (upper aquifer wells) and Figure 7
(lower aquifer wells). Groundwater levels were also measured in former Moraine Assembly production
wells (where accessible), former Moraine Assembly fire wells, one lower aquifer well (MT596M) located
east of the former Moraine Assembly and Engine plants, and four City of Moraine upper aquifer wells
located west of the Great Miami River. Groundwater levels were measured in accordance with
procedures defined in the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002), Standard
Operating Procedure (SOP) #4.

21.2 Monthly Groundwater Recovery System Monitoring

The NPDES permit was revised in 2012 to include lower aquifer well DN-13 as a separate final outfall to
the Great Miami River and remove the north and south retention basins (TW-2 is an intermediate
monitoring station prior to discharge to south storm water retention basin), as they were included with the
property sold to IRG in 2011. The Ohio EPA approved renewal of NPDES Permit 11C00008*KD for the
internal outfall related to TW-2 and for the DN-13 outfall on September 11, 2012. The permit requires
monthly monitoring and reporting. As proposed in a letter from RACER Trust to the U.S. EPA (Arcadis,
Inc. 2012b), the TW-2 groundwater recovery and treatment system was shut down on July 31, 2012,
following the shutdown procedures in the 1996 Operations, Maintenance, and Monitoring Manual
Groundwater Recovery and Treatment. The impact of the system shutdown was measured by the results
of monthly sampling of monitoring wells GM-6 and GM-17 for a total of 6 months (August 2012 through
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January 2013). As discussed in the April 24, 2013 letter to the U.S. EPA (Arcadis, Inc. 2013b), shutdown
of the groundwater recovery and treatment system continued through 2014 due to the results of this
monthly sampling. Continued shutdown of the system is recommended based on the results of the site-
wide monitoring since TW-2 system shutdown. A discussion of the 2016 monitoring well data from GM-6
is provided in Section 2.2.3.1.3.

Table 5 summarizes the VOC results for the monthly DN-13 effluent sampling during 2016. The analyses
were conducted in accordance with methods specified in the NPDES Permit 11C00008*KD.

21.3 Site-Wide Groundwater Monitoring

In 2016, the following changes from the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc.
2002) were made, as recommended in the Site-Wide Groundwater Monitoring Report for 2015 (Arcadis
Inc. 2016):

e  Upper aquifer monitoring wells HR-1, HR-16, and GM-63 were sampled to support the evaluation of
VOC concentrations in proximity to the closed South Settling Lagoon.

e Upper aquifer monitoring wells HR-8 and HR-9 were not sampled as they were inaccessible. These
wells were replaced by sampling upper aquifer well W-1-N.

o Upper aquifer monitoring well GM-31 was not sampled due to access restrictions associated with
working near an active railroad.

e Lower aquifer monitoring well HR-10 was not sampled as it was not accessible. This well was
replaced by sampling lower aquifer well RMW-88.

e Due to the depths, lower aquifer monitoring wells GM-40 and GM-42 were not sampled and were
replaced by sampling lower aquifer monitoring wells RMW-86 and RMW-87. Lower aquifer monitoring
wells RMW-86 and RMW-87 are shallower and better positioned to monitor lower aquifer plume
migration.

e Lower aquifer monitoring well RMW-85 was sampled due to its proximity to the former Process Sump
Area.

e Upper aquifer monitoring wells HR-1, GM-63, and HR-16 were sampled due to increased
concentrations at wells HR-17 and W-4-S that were not attributed to the closed South Settling
Lagoon.

e Upper aquifer monitoring wells GM-30, GM-51, and HR-3 were sampled in 2016 to monitor for
increasing chlorinated VOC concentrations.

e Upper aquifer monitoring wells RMW-89 (installed in 2014), RMW-90 (installed in 2014), and GM-28R
(installed in 2015) were included in the 2016 site-wide groundwater event.

For a summary of the site-wide monitoring well sampling program, see Table 21 of the Site-Wide
Groundwater Monitoring Report for 2009 (Arcadis, Inc. 2010). A summary of the 2016 annual sampling
event, including the number of monitoring wells and analytical parameters, is presented on Table 1. Well
construction data for the wells used in the site-wide program are presented in Table 6.
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Groundwater samples were collected from the specified wells using the low-flow methodology and
following procedures outlined in SOP #21 (Arcadis G&M, Inc., 2002). Field parameters including pH,
specific conductance, temperature, oxidation/reduction potential, and dissolved oxygen were measured
during purging of each well using a multi-parameter groundwater quality flow-through cell (Appendix C).
One groundwater sample from well DN-13 was collected through the sampling valve according to SOP
#28 (Arcadis G&M, Inc. 2002).

The groundwater samples were collected and managed under standard chain-of-custody procedures and
validated in accordance with the approved Supplemental RCRA Facility Investigation (RFI) Work Plan
and the RFI Quality Assurance Project Plan (Geraghty & Miller, Inc. 1997a) and as presented in the draft
Amended Quality Assurance Project Plan (Arcadis, Inc. 2011). Field parameter data for the site-wide
groundwater monitoring event are presented in Appendix C. Analytical results are presented and
discussed in Section 2.2.3.

214 Laboratory Analytical Methods

Groundwater samples were analyzed for the site-specific VOC parameter list using SW846 Method
8260B. This parameter list was developed after evaluating data from the September 1999 baseline
groundwater sampling event and the one-time sampling event conducted in September/October 2000
(which included analysis of Appendix IX VOCs, cis-1,2-DCE, SVOCs, and metals) as part of the Former
Oil House Area interim measures. The site-specific VOCs include: benzene, 1,1-dichloroethane (1,1-
DCA), 1,1-dichloroethene (1,1-DCE), cis-1,2-DCE, trans-1,2-dichloroethene (trans-1,2-DCE),
ethylbenzene, PCE, toluene, 1,1,1-trichloroethane (1,1,1-TCA), TCE, vinyl chloride, and xylenes. As
indicated previously, additional analyses were completed to support the effectiveness of ERD and to
evaluate 1,4-dioxane at the Site. These results are summarized in Appendices B and D.

Select groundwater samples from upper aquifer monitoring wells collected during the site-wide
groundwater monitoring event were also analyzed for the following biogeochemical indicator parameters:
manganese (total and dissolved), iron (total and dissolved), sulfate, sulfide, TOC, chloride, dissolved
gases (ethane and ethene), and methane. Table 1 lists specific field, laboratory, and biogeochemical
indicator parameters and laboratory analytical methods. The groundwater samples were submitted to
TestAmerica Laboratories, Inc. in North Canton, Ohio or Microseeps/Pace Analytical Energy Services,
LLC in Pittsburgh, Pennsylvania. Only ethene, ethane, and methane samples were submitted to and
analyzed by Microseeps/Pace Analytical.

2.2 Groundwater Monitoring Program Results

221 Groundwater Elevation Monitoring

As part of the site-wide assessment of current groundwater conditions, groundwater levels were
measured to determine groundwater flow directions, horizontal hydraulic gradients, and vertical hydraulic
gradients in and between the upper and lower aquifers. One groundwater elevation monitoring event was
completed on September 13 and 14, 2016, as part of the site-wide groundwater monitoring. The
groundwater level measurement data are presented on Table 7.
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2.2.1.1  Upper Aquifer

Depth-to-water data from upper aquifer wells were collected on September 13 and 14, 2016. A contour
map of the potentiometric surface was manually drawn for the upper aquifer (Figure 8). Groundwater flow
for the upper aquifer is generally from northeast to southwest. A comparison of the September 2016
general groundwater flow conditions to the historical groundwater flow conditions documented in the
annual groundwater monitoring reports for the upper aquifer post-2001 indicates a similar flow direction
across the Site.

During the site-wide gauging event, 0.31 feet of light non-aqueous phase liquid (LNAPL) was detected in
fire well FW-1A. The well is operated by Fuyao for the facility’s fire suppression system. The well pump
uses Iso-150 gear oil, and the LNAPL observed in the fire well appeared to be gear oil. The presence of
LNAPL in the fire well appears to be the result of a pump malfunction. The issue was communicated to
Fuyao on September 15, 2017. Fuyao indicated that they repaired the pump and removed the LNAPL
which reportedly addressed the issue.

Table 8 presents the 2016 monthly precipitation totals, recorded by the National Weather Service, and the
deviation from calculated average amounts. The 2016 annual total precipitation recorded at the Dayton, Ohio
monitoring station was 35.78 inches, which was 1.97 inches below average. Precipitation amounts reported
for the months of January, April, May, June, July, October, and November were below normal, while
precipitation amounts for the other months were above normal.

Horizontal hydraulic gradient values within the upper aquifer in 2016, ranged from 1.7 x 10 feet per foot
(ft/ft) to 5.6 x10* ft/ft (Table 9). The average horizontal hydraulic gradient, based on the well pairs
presented in Table 9, was 3.8 x 10 ft/ft for the upper aquifer.

2.2.1.2 Lower Aquifer

Depth-to-water data from lower aquifer wells were collected on September 13 and 14, 2016. A contour
map of the potentiometric surface was manually drawn for the lower aquifer (Figure 9). Groundwater flow
for the lower aquifer is generally from northeast to southwest towards pumping well DN-13. An estimated
cone of depression surrounds pumping well DN-13 as indicated by influence of the surrounding
monitoring wells (Figure 9). Hydraulic capture of lower aquifer groundwater by DN-13 is discussed further
in Section 3.2. A comparison of the September 2016 general groundwater flow conditions to the historical
groundwater flow conditions documented in the annual groundwater monitoring reports for the lower
aquifer post-2001 indicates a similar flow direction across the Site.

Horizontal hydraulic gradients in the lower aquifer in 2016 ranged in magnitude from 3.8 x 10 ft/ft to 5.1 x
10 ft/ft (Table 9). Overall, an average hydraulic gradient of 4.8 x 10 ft/ft was calculated for the lower
aquifer; however, further downgradient the hydraulic gradient increased with proximity to pumping well
DN-13 (Section 3.2).

2.2.2 Vertical Hydraulic Gradients

Vertical hydraulic gradients between the upper aquifer above the upper clay till, upper aquifer, and the
lower aquifer were calculated for the groundwater elevation data collected on September 13 and 14,
2016. A total of 12 pairs of upper and lower aquifer wells were used to calculate the vertical hydraulic
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gradients upgradient, on-site, off-site, and downgradient (Table 10). Vertical gradients were calculated
using the following equation:

I, = hupper— hiower
vET e

Where

Iv = vertical hydraulic gradient (ft/ft)

hupper = groundwater elevation in upper aquifer monitoring well (feet above mean sea level [ft AMSL])
hiower = groundwater elevation in lower aquifer monitoring well (ft AMSL)

Dy = distance between midpoint of lower screen and midpoint of saturated section of upper screen (ft)

Vertical hydraulic gradients ranged between 2.3 x 102 ft/ft downward to 2.3 x 10 ft/ft upward. Based on
the spatial distribution of the monitoring well pairs, it appears the overall vertical gradient for the upper
aquifer upgradient, on-site, and downgradient is downward. However, one on-site well pair (GM-75S/GM-
75D) had an upward gradient.

223 Groundwater Monitoring Analytical Results

As described in Section 2.1.4, groundwater was evaluated on a site-wide basis for the presence of the
site-specific list of VOCs. Table 3 presents the results for the site-wide groundwater sampling event
completed in 2016 for the upper and lower aquifers. The 2016 groundwater analytical results for PCE,
TCE, cis-1,2-DCE, and vinyl chloride are shown as pie graphs on Figures 10 and 11, for the upper and
lower aquifers, respectively. The pie graphs represent molar concentrations (micromoles per liter) for
these four CVOCs with the size of each pie representing the order of magnitude based on the total
concentration (micrograms per liter [ug/L]). The 1999 baseline through 2015 groundwater quality data for
the site-specific VOC parameter list are provided in tables in Appendix B.

The upper aquifer groundwater results are presented in Sections 2.2.3.1 and 2.2.3.2 and were evaluated
based on groundwater quality at the upgradient plume contributions, source areas (Former Oil House
Area and former Process Sump Area), in relation to current interim measures (reactive zones),
upgradient/downgradient of closed settling lagoons, and off-site. The lower aquifer groundwater results
are presented in Sections 2.2.3.3 and 2.2.3.4 and were evaluated based on groundwater quality at the
upgradient plume contributions, source areas, other on-site areas, and off-site.

2.2.3.1 Upper Aquifer Groundwater Quality

Upper aquifer groundwater quality is discussed in the following sections by Site area. The groundwater
data were also posted on the upper aquifer isoconcentration maps to graphically show the concentration
distribution in relation to Maximum Contaminant Levels (MCLs) and interim measures. The
isoconcentration maps are provided in Appendix E for PCE, TCE, cis-1,2-DCE, vinyl chloride, 1,1-DCE,
and total VOCs and are also discussed in the following sections.
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2.2.3.1.1 Upgradient Contributions

Upgradient monitoring well W-1-N was sampled in 2016. Concentrations in W-1-N were below detection
levels for all constituents, except for low detections of 1,1-DCA and cis-1,2-DCE at 4.8 ug/L and 0.36 J'
Mg/L, respectively. Upgradient monitoring well GM-24 was also sampled in 2016 with the following
constituents detected: 1,1,1-TCA (10 pg/L), 1,1-DCA (0.84 J pg/L), benzene (1.5 pg/L), cis-1,2-DCE (1.2
pg/L), toluene (0.94 J pg/L), and TCE (4.5 ug/L).

The detected VOCs are consistent with historical values for upgradient groundwater quality as indicated
in the Description of Current Conditions (DOCC) (Geraghty & Miller, Inc. 1991 and 1997b) and RFI
Reports (Arcadis Geraghty & Miller, Inc. 2000a and 2000b) for the former Moraine Facilities (including the
1999 baseline sampling results) and are similar to detected compounds downgradient at the Site. These
data confirm that upgradient sources of VOCs not related to former GM Corporation operations continue
to exist in the local area and are contributing to groundwater quality on-site.

2.2.3.1.2 Source Areas

As discussed in the CMP, the groundwater source areas include the Former Oil House Area and the
former Process Sump Area (Arcadis, Inc. 2012a). To evaluate the source areas of CVOCs at the Site,
seven upper aquifer monitoring wells (GM-23, GM-59, GM-60, GM-74S, GM-75S, RMW-89, and RMW-
90) were sampled in 2016. Monitoring well GM-23 is located in the Former Oil House Area and is
screened above the upper clay till. Monitoring wells GM-59, GM-60, and GM-74S are located in the
former Vehicle Distribution Center/former Moraine Engine building footprint. Monitoring well GM-59 is
screened above the upper clay till, and monitoring wells GM-60 and GM-74S are screened above the
regional clay till. Monitoring well GM-75S is located in the southwest corner of the former Moraine
Assembly building in the former Process Sump Area and is screened at the regional clay till. Monitoring
wells RMW-89 and RMW-90 are located in the vicinity of the former Process Sump Area and are
screened above regional clay till. The following is a summary of the groundwater VOC analytical results
for the source area wells:

e Monitoring well GM-23 is within the zone of influence of current interim measure (RZ-1) and the
groundwater concentration trends are presented in Figure 12. A comparison between historical VOC
concentrations detected at monitoring well GM-23 to 2016 VOC concentrations is discussed in
Section 2.2.3.1.3.

e Monitoring wells GM-59, GM-60, GM-74S, GM-75S, RMW-89, and RMW-90 are located in the vicinity
of the former Process Sump Area and are currently not addressed by ongoing interim measures;
however, this area was evaluated in the CMP and subsequent former Process Sump Area
investigations in 2014 and 2015 (Arcadis, Inc. 2012a, RACER Trust 2015, and RACER Trust 2016).
The following is a summary of the groundwater analytical results for the wells located in the former
Process Sump Area:

T A “J” qualifier indicates the concentration is an estimated concentration.
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e PCE concentrations in monitoring well GM-59 reached a peak of 1,000 ug/L in 2013 and have
decreased to 280 pg/L in 2016. The TCE concentration decreased from 1,100 pg/L in 2013 to 170
pg/L in 2016. Concentrations of cis-1,2-DCE have remained relatively low since a detection of 41
pg/L in 2008. The cis-1,2-DCE concentration in monitoring well GM-59 was 2.6 pg/L in 2016. The
other site-specific VOCs were below reporting limits in monitoring well GM-59 in 2016.

e Concentrations of PCE in monitoring well GM-60 reached a peak of 1,100 J ug/L in 2009. Since 2009,
PCE concentrations in monitoring well GM-60 have remained relatively consistent, with a
concentration of 530 ug/L in 2016. Concentrations of TCE in monitoring well GM-60 decreased from
1,400 pg/L in 2014 to 700 pg/L in 2016. Concentrations of cis-1,2-DCE decreased from 96 ug/L in
2014 to 12 pg/L in 2016. The other site-specific CVOCs were detected at relatively low concentrations
or below reporting limits.

e Concentrations of PCE in monitoring well GM-74S reached a peak of 200 J ug/L in 2010. The PCE
concentration in monitoring well GM-74S was 69 pg/L in 2016. Concentrations of TCE in monitoring
well GM-74S decreased from 83 pg/L in 2007 to 14 K? ug/L in 2016. The other site-specific VOCs
were below reporting limits.

e Concentrations of PCE in monitoring well GM-75S have remained consistent since sampling was
initiated in 2007 with a concentration of 520 ug/L in 2016. The concentration of TCE also remained
stable (68 ug/L in 2015 and 68 ug/L in 2016). The other site-specific VOCs were below reporting
limits in monitoring well GM-75S in 2016.

¢ Monitoring wells RMW-89 and RMW-90 were sampled for the first time in 2015. In 2016, PCE and
TCE were detected in monitoring well RMW-89 at concentrations of 61 ug/L and 21 ug/L,
respectively. TCE was detected in monitoring well RMW-90 at a concentration of 55 ug/L. The other
site-specific VOCs in RMW-89 and RMW-90 were detected at relatively low concentrations or below
reporting limits.

2.2.3.1.3 Interim Measures Performance Results

As described in Section 1.4, the in-situ reactive zone network consists of RZ-1, RZ-3 (East and West),
and RZ-4 East. In 2016, carbon solution was introduced into the groundwater through injection wells
shown on Figures 4 and 5. Operation of the in-situ reactive zones was monitored through the collection of
field parameter measurements and laboratory analyses of biogeochemical indicator parameters and site-
specific VOCs, according to the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002) and
revisions in the Site-Wide Groundwater Monitoring Report for 2009 (Arcadis, Inc. 2010). Concentrations
of site-specific VOCs as related to the performance of the in-situ reactive zones are presented in this
section. Groundwater concentration trends for the in-situ reactive zone performance monitoring wells are
presented in Figure 12 (RZ-1), Figure 13 (RZ-3 East), Figure 14 (RZ-3 West), and Figure 15 (RZ-4 East).

2 A “K” qualifier indicates the concentration was positively identified; however, the associated numerical value is an
estimated concentration only and the reported value may be biased high.
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RZ-1

In-situ reactive zone RZ-1 (Figure 4) was installed as an interim measure to remediate the area
downgradient of the source area at the Site (Former Oil House Area). Five upper aquifer wells (GM-23,
GM-28R [replacement for GM-28], GM-29, GM-30, and HR-3) are used to monitor the groundwater
quality to evaluate the effectiveness of the reactive zone (Figure 12).

e PCE concentrations at monitoring well GM-23 have decreased from 15,000 pg/L in 2001 to 8.0 ug/L
in 2016. TCE concentrations have generally decreased from 2,200 pg/L in 2001 to 7.6 ug/L in 2016.
Concentrations of cis-1,2-DCE have decreased from 19,000 ug/L in 2005 to 530 pg/L in 2016. Vinyl
chloride concentrations increased to a concentration of 4,100 pg/L in 2006 and subsequently, have
decreased to a current concentration of 280 pg/L in 2016. Concentrations of trans-1,2-DCE were
relatively low prior to initiating introductions in 2000. Concentrations peaked in 2006 at 270 J pg/L and
have decreased to 18 ug/L in 2016.

¢ Monitoring well GM-28 was used for evaluating groundwater conditions downgradient of RZ-1. Due to
an obstruction in the well, monitoring well GM-28 had not been sampled since 2011. As a result,
replacement monitoring well GM-28R was installed on December 21, 2015. Due to constraints
associated with property access and underground utilities, monitoring well GM-28R was installed
approximately 87 ft southeast of monitoring well GM-28.

Based on the 2011 data for monitoring well GM-28, concentrations of PCE, TCE, and cis-1,2-DCE
remained consistently low since peak concentrations in 1999. Vinyl chloride concentrations in GM-28
fluctuated, with a maximum concentration of 12.4 ug/L in 2000. In 2011, the vinyl chloride
concentration in monitoring well GM-28 was 0.57 J pg/L. Site-specific VOCs were detected at
relatively low concentrations or below reporting limits in monitoring well GM-28R in 2016.

¢ Monitoring well GM-29 is within the zone of influence of carbon introductions conducted in the Former
Oil House Area after reactive zone RZ-1 was expanded in 2002. Concentrations of PCE and TCE
have remained relatively consistent since 2000 with current concentrations of 13 pg/L and 360 pg/L in
2016, respectively. A peak concentration of cis-1,2-DCE (2,871 ug/L) was noted in 2000, and
concentrations have decreased to 470 pg/L in 2016. Concentrations of vinyl chloride have fluctuated
since introductions began in 2000 but have decreased since 2005, with a concentration of 42 pg/L in
2016.

e Concentrations of site-specific VOCs in monitoring well GM-30 have been generally decreasing since
the well was installed in 1999. Benzene (8.9 ug/L) was the only site-specific VOC detected above the
MCL in this well in 2016.

e Concentrations of cis-1,2-DCE (93 ug/L), TCE (200 ug/L), and vinyl chloride (4.2 ug/L) in monitoring
well HR-3 were relatively consistent to 2015. Concentrations of the other site-specific VOCs were
relatively low-level or non-detect and consistent with the previous sampling events.

RZ-3 East

Reactive zone RZ-3 East (Figure 5) is located south of the former Moraine Engine Plant, which is
downgradient and cross-gradient to the east (Figure 3) of the Former Oil House Area. One upper aquifer
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well (GM-21) is used to monitor the groundwater quality to evaluate the effectiveness of the reactive zone
(Figure 13).

Monitoring well GM-21 is used to monitor groundwater conditions downgradient of RZ-3 East. PCE
concentrations in this well have consistently been below reporting limits, except for 2008 when PCE
was detected at a concentration of 0.56 J ug/L. Concentrations of TCE in well GM-21 peaked in 2002
at 230 ug/L and have decreased to below reporting limits in 2016. Concentrations of cis-1,2-DCE
have fluctuated since a peak concentration of 100 ug/L in 2003 to below reporting limits in 2016. The
maximum vinyl chloride concentration in monitoring well GM-21 (19 ug/L) was observed in 2008 and
has decreased to below reporting limits in 2016. The other site-specific VOCs were below reporting
limits in monitoring well GM-21 in 2016.

RZ-3 West

Reactive zone RZ-3 West (Figure 5) is located south of former Delphi Thermal Moraine. Two upper
aquifer wells (GM-6 and GM-8) are used to monitor the groundwater quality to evaluate the effectiveness
of the reactive zone (Figure 14). Note that data from monitoring wells GM-6 and GM-8, along with
downgradient monitoring well GM-17, were also utilized to support the shutdown of TW-2 as discussed in
Section 2.1.2.

Monitoring well GM-6 is used for evaluating groundwater conditions downgradient of RZ-3 West.
Concentrations of PCE have decreased in monitoring well GM-6 from 81.4 pg/L in 1999 to below
reporting limits in 2016. Concentrations of TCE have decreased from 78.2 pg/L in 1999 to below
reporting limits in 2016. Concentrations of cis-1,2-DCE have decreased from 52.9 ug/L in 1999 to
0.29 J yg/L in 2016. Concentrations of vinyl chloride have decreased from 12 ug/L in 2002 to below
reporting limits in 2016. The other site-specific VOCs were below reporting limits in monitoring well
GM-6 in 2016.

Monitoring well GM-8 serves as a downgradient well for reactive zone RZ-3 West. Concentrations of
PCE, TCE, and cis-1,2-DCE have remained consistently low or below their respective reporting limits
since 2000. Concentrations of vinyl chloride have remained at or below the reporting limit since 2007
and were below the reporting limit in 2016. The other site-specific VOCs were below reporting limits in
monitoring well GM-8 in 2016.

RZ-4 East

Reactive zone RZ-4 East (Figure 5) was designed to address VOC impacts identified west of RZ-3 West.
One upper aquifer well (GM-19S) is used to monitor the groundwater quality to evaluate the effectiveness
of the reactive zone (Figure 15).

Concentrations of PCE and TCE have been low or below reporting limits since 2007. Concentrations
of cis-1,2-DCE have been low or below reporting limits since 2007, with a concentration of 44 pg/L in
2016. Concentrations of vinyl chloride reached a peak concentration of 17 pg/L in 2013 and have
decreased to 4.6 pg/L in 2016. Concentrations of the other site-specific VOCs were relatively low or
below reporting limits and consistent with the previous sampling events.
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2.2.3.1.4 Closed Settling Lagoon Monitoring Results

Groundwater quality is monitored upgradient and downgradient of the closed North and South Settling
Lagoons as described in Section 2.1. Upgradient monitoring wells used are HR-4 for the North Settling
Lagoon and HR-17 for South Settling Lagoon (Figure 3). Wells downgradient of the closed North (W-2-N,
W-3-N, and W-4-N) and South (W-2-S, W-3-S, and W-4-S) Settling Lagoons (closed through in-situ
solidification and installation of a cover system in 2001 after the 1999 baseline sampling event) were
sampled for both the site-wide groundwater monitoring and post-closure monitoring programs.

Closed North Settling Lagoon

e Concentrations of site-specific VOCs continued to be detected at relatively low concentrations or
below reporting limits in monitoring wells HR-4 and W-2-N in 2016.

e Concentrations of PCE and TCE in monitoring well W-3-N have been generally decreasing since
peak values in 2001 at 9.0 ug/L and 2.1 ug/L, respectively. Current concentrations of PCE and TCE
are below reporting limits. Cis-1,2-DCE had a peak concentration of 291 pg/L in 1999 and has been
generally decreasing to a current concentration of 22 pg/L in 2016. Vinyl chloride had a peak
concentration of 24 pg/L in 2000 and has a current concentration of 1.9 ug/L in 2016.

e Concentrations of PCE and vinyl chloride in monitoring well W-4-N have been low or below reporting
limits since 1999. TCE had a peak concentration of 15 pg/L in 2009 and has remained relatively
consistent, with a concentration of 10 pg/L in 2016. Concentrations of cis-1,2-DCE has also remained
relatively consistent with a concentration of 9.5 ug/L in 2016. The other site-specific VOCs were
detected at relatively low concentrations or below reporting limits.

Closed South Settling Lagoon

e Concentrations of site-specific VOCs continue to be detected at relatively low concentrations or below
reporting limits in monitoring well HR-16 in 2016.

e Concentrations of PCE in monitoring well HR-17 have been relatively consistent since 2011 with a
concentration of 170 pg/L in 2016. Concentrations of cis-1,2-DCE peaked at 7.1 pg/L in 2004 and
have decreased to below reporting limits in 2016. Concentrations of the other site-specific VOCs were
below reporting limits in monitoring well HR-17 in 2016.

e Concentrations of PCE, cis-1,2-DCE, and vinyl chloride in monitoring well W-2-S have been low or
below reporting limits since 1999. The concentration of TCE peaked at 23 pg/L in 2015 and has
decreased to 6.6 pg/L in 2016. The other site-specific VOCs were detected at relatively low
concentrations or below reporting limits.

e The PCE concentration in monitoring well W-3-S (62 pg/L) in 2016 is similar to the peak concentration
of 65 pg/L in 2015. The TCE concentration has decreased from the peak concentration of 97 ug/L in
2015 to 11 pg/L in 2016. Concentrations of cis-1,2-DCE and vinyl chloride have been low or below
reporting limits since 1999. The other site-specific VOCs were below reporting limits.

e Concentrations of PCE in monitoring well W-4-S have fluctuated since 1999, with a concentration of
54 ug/L in 2016. Concentrations of TCE have fluctuated since 1999, with a concentration of 45 ug/L
in 2016. Concentrations of cis-1,2-DCE have remained relatively consistent since 1999, with a
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concentration of 12 pg/L in 2016. Concentrations of vinyl chloride have been below the reporting limit
since 1999. The other site-specific VOCs were detected at relatively low concentrations or below
reporting limits.

2.2.3.1.5 Plume Migration

The upper aquifer plume migration from the source areas (Former Oil House Area and former Process
Sump Area) is monitored downgradient on-site, at the property boundary, and downgradient off-site.

Downgradient On-Site

Monitoring wells GM-35 and GM-43 were sampled to monitor the plume between the source area and
property boundary (Figure 3).

e PCE concentrations in monitoring well GM-35 have varied, with a concentration of 27 J ug/L in 2016.
TCE concentrations have also varied, with a concentration of 120 ug/L in 2016. Cis-1,2-DCE
concentrations have been generally decreasing since a peak concentration of 300 pg/L in 2003 to
120 ug/L in 2016. The other site-specific VOCs were detected at relatively low concentrations or
below reporting limits.

e PCE concentrations in monitoring well GM-43 have been generally consistent since 2004, with a
concentration of 41 pg/L in 2016. TCE concentrations have been generally increasing since 2004,
with a concentration of 260 pg/L in 2016. Concentrations of cis-1,2-DCE have decreased from a peak
concentration of 220 pg/L in 2010 to 11 pg/L in 2016. The other site-specific VOCs were detected at
relatively low concentrations or below reporting limits.

Monitoring wells HR-1, HR-2, and HR-7 are west to southwest (side-gradient to downgradient) of the
Former Oil House Area and south of Landfills L2 and L3 (Figure 3). These wells are also used to monitor
the plume migration on-site. Monitoring well HR-2 is part of the annual program to monitor groundwater
concentrations south of Landfills L2 and L3. Monitoring well HR-7 is located downgradient of the closed
North Settling Lagoon. Monitoring well HR-7 is also located on the western most portion of the former
Building 14 property and was added to the site-wide annual program at request of the U.S. EPA (BOW
Environmental Solutions, Inc. 2010).

e Concentrations of PCE in monitoring well HR-1 have been variable, with a concentration of 63 pg/L in
2016. Concentrations of TCE have been generally increasing since 2004, with a concentration of 190
Mg/l in 2016. Concentrations of cis-1,2-DCE have been generally decreasing since a peak
concentration of 24 pg/L in 2004 to a concentration of 3.3 pg/L in 2016. The other site-specific VOCs
were detected at relatively low concentrations or below reporting limits.

e Concentrations of PCE, TCE, cis-1,2-DCE, and vinyl chloride in monitoring well HR-2 have been low
or below the reporting limit since 1999. The other site-specific VOCs were detected at relatively low
concentrations or below reporting limits.

e Concentrations of PCE, cis-1,2-DCE, and vinyl chloride in monitoring well HR-7 have been low or
below the reporting limits since 1999. Concentrations of TCE have slightly decreased from 9.8 pg/L in
1999 to 7.0 pg/L in 2016. The other site-specific VOCs were detected at relatively low concentrations
or below reporting limits.
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Property Boundary

Monitoring wells GM-2, GM-6, and GM-8, along with inactive extraction well TW-2, are located at the
southwestern most property boundary (Landfill L1), downgradient of the Former Oil House Area and RZ-3
West (Figure 3). These wells are used to monitor the groundwater quality at the property boundary.
Monitoring wells GM-6 and GM-8 are used to monitor the performance of RZ-3 West and are discussed in
Section 2.2.3.1.3.

e Concentrations of PCE in monitoring well GM-2 are similar to the peak concentration of 8.7 ug/L in
2002, with a concentration of 8.5 pg/L in 2016. Concentrations of TCE have generally decreased from
82.8 pg/L in 2000 to 6.3 pg/L in 2016. Concentrations of cis-1,2-DCE have fluctuated since a peak
concentration of 39.2 ug/L in 2000. The concentration of cis-1,2-DCE was 8.9 ug/L in 2016. The other
site-specific VOCs were detected at relatively low concentrations or below reporting limits.

e Since 2012, PCE, TCE, cis-1,2-DCE, and vinyl chloride in inactive extraction well TW-2 have been
detected at relatively low concentrations or below their respective reporting limits. In 2016, site-
specific VOCs in well TW-2 were below the reporting limits.

Downgradient Off-Site

Monitoring wells GM-16, GM-47, GM-50, GM-51, and GM-63 are located west or southwest of Landfill L1
and south of the closed South Settling Lagoon. Monitoring wells GM-47 and GM-50 are paired upper
aquifer wells. Monitoring well GM-47 is screened just above the regional clay till, and monitoring well GM-
50 is screened near the water table. These wells are used to monitor plume migration south of in-situ
reactive zones RZ-4 East and RZ-3 West, within the Riverview Plat neighborhood (northwest of the
intersection of Main Street and Dryden Road - Figure 3).

e Concentrations of PCE and TCE in monitoring well GM-16 have generally decreased from
concentrations of 110 pg/L and 75 pg/L, respectively, in 2010 to concentrations of 23 ug/L and 5.7
Mg/L, respectively, in 2016. Cis-1,2-DCE concentrations have fluctuated, with a peak concentration of
43 ug/L in 2007 and a concentration of 7.4 pg/L in 2016. The other site-specific VOCs were detected
at relatively low concentrations or below reporting limits.

e Concentrations of PCE and TCE in monitoring well GM-47 have generally decreased from 78 ug/L
and 50 pg/L, respectively, in 2006 to 39 ug/L and 4.4 ug/L, respectively, in 2016. Concentrations of
cis-1,2-DCE have fluctuated, with a peak concentration of 170 pg/L in 2007 and a concentration of 38
pg/L in 2016. The other site-specific VOCs were detected at relatively low concentrations or below
reporting limits.

e PCE concentrations in monitoring well GM-50 have generally decreased since 2006, with a peak
concentration of 180 ug/L in 2006 and a concentration of 14 ug/L in 2016. Concentrations of TCE
have decreased since the peak concentration of 140 pg/L was observed in 2010, with a current
concentration of 4.1 pg/L in 2016. Cis-1,2-DCE concentrations have fluctuated since 2006, with a
peak concentration of 130 pg/L in 2007 and a concentration of 5.1 pg/L in 2016. The other site-
specific VOCs were detected at relatively low concentrations or below reporting limits.

¢ Concentrations of PCE in monitoring well GM-51 have been generally increasing since 2006 to peak
concentrations of 63 pg/L in 2015. However, the concentration of PCE in 2016 was 6.5 pg/L, which is
consistent with historical concentrations. The TCE concentration of 33 ug/L in 2016 is consistent with
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previous monitoring events. The other site-specific VOCs were detected at relatively low
concentrations or below reporting limits.

e Concentrations of PCE have been generally decreasing in monitoring well GM-63 since a peak
concentration of 160 pg/L in 2006 to a concentration of 38 pg/L in 2016. Concentrations of TCE have
been decreasing since a peak concentration of 140 pg/L in 2010 to a concentration of 5.0 ug/L in
2016. The other site-specific VOCs were detected at relatively low concentrations or below reporting
limits.

Additional off-site wells further delineate downgradient concentrations east and west of the Great Miami
River (GM-26, GM-52, GM-55, GM-65S, GM-78, GM-79, and GM-80). PCE was detected in each of these
monitoring wells, and concentrations ranged from 1.3 pg/L (GM-26) to 30 pg/L (GM-52) in 2016. TCE was
detected in monitoring wells GM-79 (36 ug/L) and GM-80 (12 ug/L) in 2016. TCE was not detected above
the reporting limits in monitoring wells GM-26, GM-52, GM-55, GM-65S, and GM-78 in 2016. The other
site-specific VOCs were detected at relatively low concentrations or below reporting limits.

2232 Upper Aquifer Plume Distribution and MCL Comparison

At the request of the U.S. EPA, upper aquifer plume distribution is shown on constituent-specific
isoconcentration maps in Appendix E. Isoconcentration maps were completed for PCE, TCE, cis-1,2-
DCE, vinyl chloride, 1,1-DCE, and total site-specific VOCs (Figures E-1 through E-6). The concentrations
for the isoconcentration maps posted reflect 2016 groundwater sampling data, 2013 annual groundwater
sampling data (applicable wells for 5-year event), and maximum interval concentrations for vertical aquifer
profiling (VAP) groundwater samples. The isoconcentration contour interpretations account for an
understanding of the CSM (i.e. groundwater flow and interim measure operation). Non-detect
concentrations were accounted for by contouring using half the reporting limit posted.

Concentrations of PCE were detected above the MCL (5 pg/L) in 22 wells (GM-23, GM-59, GM-60, GM-
74S, GM-75S, GM-29, HR-17, W-3-S, W-4-S, HR-1, GM-43, GM-35, GM-2, GM-16, GM-47, GM-50, GM-
51, GM-52, GM-63, GM-78, GM-80, and RMW-89). The data for these wells are provided in Table 3 and
shown on Figure E-1 in bold. Concentrations above the MCL ranged from 6.2 ug/L in GM-78 to 530 ug/L
in GM-60. The data indicate that PCE is present across the Site from the former Process Sump Area,
extending southwest off-site. The plume is partially bifurcated downgradient by in-situ reactive zones RZ-
3 and RZ-4 East.

Concentrations of TCE were detected above the MCL (5 ug/L) in 22 wells (GM-23, GM-59, GM-60, GM-
74S, GM-75S, GM-29, HR-3, W-4-N, W-2-S, W-3-S, W-4-S, HR-1, GM-43, GM-35, HR-7, GM-2, GM-16,
GM-51, GM-79, GM-80, RMW-89, and RMW-90). The data for these wells are provided in Table 3 and
shown on Figure E-2 in bold. Concentrations above the MCL ranged from 5.7 pg/L in GM-16 to 700 pg/L
in GM-60. The data also indicate that TCE is present across the Site from both source areas (Former Oil
House Area and former Process Sump Area), extending southwest off-site. The plume is partially
bifurcated downgradient by in-situ reactive zones RZ-3 and RZ-4 East.

Concentrations of cis-1,2-DCE were detected above the MCL (70 ug/L) in four wells (GM-23, GM-29, HR-
3, and GM-35). The data for these wells are provided in Table 3 and shown on Figure E-3 in bold.
Concentrations above the MCL ranged from 93 pg/L in HR-3 to 530 pg/L in GM-23. As shown in Figure E-
3, the data indicate that cis-1,2-DCE is present at the highest concentrations in active in-situ reactive

arcadis.com
G:\Public\MOTORS\04- OMM Lagoon_Landfills_GWM\Annual Report\2016\RACER Trust Moraine - 2016 Annual Report - FINAL.docx 19



SITE-WIDE GROUNDWATER MONITORING REPORT FOR 2016

zone RZ-1, with maximum concentrations exceeding 150 ug/L. The data also indicate that cis-1,2-DCE is
present at the former Process Sump Area and in active in-situ reactive zones RZ-3 and RZ-4 East. The
cis-1,2-DCE concentrations that are above the MCL are within the Site property boundary.

Concentrations of vinyl chloride were detected above the MCL (2 pg/L) in four wells (GM-19S, GM-23,
GM-29, and HR-3). The data for these wells are provided in Table 3 and shown on Figure H-4 in bold.
Concentrations above the MCL ranged from 4.2J ug/L to 200 pg/L in wells HR-3 and GM-23, respectively.
As shown on Figure E-4, the data indicate that vinyl chloride is present at the highest concentrations near
active in-situ reactive zone RZ-1. The data also indicate that vinyl chloride is present at the former
Process Sump Area and in active in-situ reactive zones RZ-3 and RZ-4 East. The vinyl chloride
concentrations that are above the MCL are within the Site property boundary.

Concentrations of 1,1-DCE were not detected above the MCL (7 ug/L) in the groundwater samples
collected from the upper aquifer during the 2016 annual groundwater monitoring event. However, a plume
map (Figure E-5) was generated using the 2016 and 2013 annual groundwater monitoring data
(applicable wells for 5-year event), maximum interval concentrations for VAP groundwater samples, and
accounted for interim measures.

The isoconcentration map for total site-specific VOCs in the upper aquifer is shown on Figure E-6. The
data indicate that site-specific VOCs are present at the highest concentrations in the former Process
Sump Area, extending southwest off-site. The plume is partially bifurcated downgradient by active in-situ
reactive zones RZ-3 and RZ-4 East. The data also indicate that total site-specific VOCs are present on
the northern portion of the Site and off-site to the north.

2.2.3.3 Lower Aquifer Groundwater Quality

Lower aquifer groundwater quality is discussed in the following sections by Site area. The groundwater
data were also posted on the lower aquifer Site map to produce isoconcentration maps to graphically
show the concentration distribution in relation to MCLs and interim measures. These isoconcentration
maps are provided in Appendix E for PCE, TCE, cis-1,2-DCE, vinyl chloride, 1,1-DCE, and total site-
specific VOCs and are also discussed in the following sections.

2.2.3.3.1 Upgradient Contributions

In 2016, the upgradient lower aquifer monitoring wells HR-12 and RMW-88 were part of the site-wide
monitoring program (Figure 7) and exhibited the presence of site-specific VOCs. The detected site-
specific VOCs in monitoring wells HR-12 and RMW-88 included 1,1-DCA, cis-1,2-DCE, and trans-1,2-
DCE, suggesting that upgradient releases of chlorinated VOCs have occurred. The detected VOCs in
monitoring wells HR-12 and RMW-88 are consistent with past concentrations. The types of VOCs
detected upgradient are similar to those detected further downgradient beneath the Site, indicating that
total site-specific VOC concentrations detected beneath the Site include both upgradient (off-site) and on-
site contributions.

2.2.3.3.2 On-Site Groundwater Quality near Upper Aquifer Source Areas

On-site lower aquifer monitoring wells located near the upper aquifer source areas (Former Oil House
Area and former Process Sump Area) that were part of the site-wide monitoring program in 2016
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included monitoring wells GM-54, GM-68D, GM-75D, and RMW-85 (Figure 7). In 2016, PCE
concentrations ranged from 31 pg/L in monitoring well GM-68D to 200 pg/L in monitoring well GM-75D.
Concentrations of TCE ranged from 1.6 J ug/L in monitoring well GM-54 to 220 ug/L in monitoring well
GM-75D. The other site-specific VOCs were detected at relatively low concentrations or below reporting
limits.

2.2.3.3.3 Other On-Site Areas

Other on-site lower aquifer monitoring wells HR-15 (located south of the closed North Settling Lagoon),
RMW-86 (located east of reactive zone RZ-4 East), RMW-87 (located west of former Delphi Thermal
Building 14), and GM-19D (located south of reactive zone RZ-4 East) were sampled in 2016.

e Concentrations of site-specific VOCs in monitoring well HR-15 were detected at relatively low
concentrations or below the reporting limits in 2016.

e Concentrations of PCE and TCE in monitoring well RMW-86 were 59 ug/L and 120 pg/L, respectively.
The other site-specific VOCs were detected at relatively low concentrations or below reporting limits.

o The concentration of TCE detected in RMW-87 was 11 ug/L. The other site-specific VOCs were
detected at relatively low concentrations or below reporting limits.

e The concentration of vinyl chloride in GM-19D was 6.2 J ug/L in 2016. The other site-specific VOCs
were detected at relatively low concentrations or below reporting limits.

2.2.3.34 Off-Site and Side-Gradient

Off-site and side-gradient wells sampled in 2016 included monitoring well GM-83D to the west and
monitoring wells GM-84 and GM-77D to the east. The 2016 site-specific VOC concentrations were
consistent with previous years. The only site-specific VOC detected in monitoring well GM-83D was vinyl
chloride (3.1 pg/L). The only site-specific VOC detected in monitoring well GM-84 was TCE (4.7 ug/L).
The only site-specific VOC detected in monitoring well GM-77D was PCE (17 pg/L).

2.2.3.3.5 Off-Site and Downgradient

The off-site groundwater quality downgradient was evaluated with lower aquifer wells GM-11, GM-15, and
GM-20D in 2016. Concentrations of PCE ranged from below reporting limits in monitoring well GM-15 to
1.3 pg/L in monitoring well GM-20D. Concentrations of TCE ranged from 1.5 ug/L in monitoring well GM-
20D to 12 pg/L in monitoring well GM-11. The other site-specific VOCs were detected at relatively low
concentrations or below reporting limits.

Off-site wells further downgradient that were sampled in 2016 included monitoring well GM-9 and
extraction well DN-13. TCE was detected in monitoring well GM-9 and DN-13 at concentrations of 13 pg/L
and 8.1 pg/L, respectively. The other site-specific VOCs were detected at relatively low concentrations or
below reporting limits. Groundwater capture in the vicinity of these lower aquifer wells by extraction well
DN-13 is discussed in Section 3.2.
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2.2.34 Lower Aquifer Plume Distribution and MCL Comparison

At the request of the U.S. EPA, lower aquifer plume distribution is shown on constituent-specific
isoconcentration maps in Appendix E. Isoconcentration maps were completed for the lower aquifer for
PCE, TCE, cis-1,2-DCE, vinyl chloride, 1,1-DCE, and total site-specific VOCs (Figures E-7 through E-12).
The concentrations for the isoconcentration maps posted reflect monitoring well results for 2016, 2013
through 2015 , and pre-2013. In addition, maximum interval concentrations for VAP groundwater samples
from 2011 through 2015 were included. The isoconcentration contour interpretations account for an
understanding of the CSM (i.e. groundwater flow and interim measure operation). Non-detect
concentrations were accounted for by contouring using half the reporting limit.

Concentrations of PCE were detected above the MCL (6 pg/L) in six wells (GM-54, GM-68D, GM-75D,
RMW-85, RMW-86, and GM-77D). The data for these wells are provided in Table 3 and shown on Figure
E-7 in bold. Detected concentrations above the MCL ranged from 17 pg/L in GM-77D to 200 ug/L in GM-
75D, respectively. The data indicate that PCE is present across the Site in the lower aquifer from the
former Process Sump Area, extending south and off-site to the southeast and southwest.

Concentrations of TCE were detected above the MCL (5 ug/L) in eight wells (GM-75D, RMW-85, RMW-
86, RMW-87, GM-15, GM-9, DN-13, and GM-11). The data for these wells are shown on Table 3 and
Figure E-8 in bold. Detected concentrations above the MCL ranged from 6.3 ug/L in GM-15 to 220 ug/L
in GM-75D. The data indicate that TCE is present across the Site from the former Process Sump Area,
extending off-site to the south and southwest.

Concentrations of cis-1,2-DCE were not detected above the MCL (70 pg/L) in the groundwater samples
collected from the upper aquifer during the 2016 annual groundwater monitoring event. However, a plume
map (Figure E-9) was generated using the 2016 and 2013 annual groundwater monitoring data
(applicable wells for 5-year event), maximum interval concentrations for VAP groundwater samples, and
accounted for interim measures.

Concentrations of vinyl chloride were detected above the MCL (2 pg/L) in two wells (GM-19D and GM-
83D). The data for these wells are provided in Table 3 and shown on Figure E-10 in bold. The
concentrations above the MCL were 3.1 pg/L in GM-83D and 6.2 pg/L in GM-19D. The data indicate that
the extent of vinyl chloride at concentrations above the MCL in the lower aquifer is limited.

Concentrations of 1,1-DCE were not detected above the MCL (7 pg/L) in the groundwater samples
collected from the upper aquifer during the 2016 annual groundwater monitoring event. However, 1,1-
DCE data is shown on Figure E-11 using the 2016 and 2013 annual groundwater monitoring data
(applicable wells for 5-year event), and maximum interval concentrations for VAP groundwater samples.

The isoconcentration map for total site-specific VOCs in the lower aquifer is shown on Figure E-12. The
data indicate that total site-specific VOCs are present at the highest concentrations in the former Process
Sump Area, extending off-site to the north, southwest, and southeast.

2.2.3.5 1,4-Dioxane Groundwater Results

A total of 10 upper aquifer wells (GM-6, GM-8, GM-16, GM-21, GM-29, GM-35, GM-52, GM-60, GM-79,
and GM-80) and nine lower aquifer wells (HR-12, GM-9, GM-11, GM-15, GM-75D, GM-83D, RMW-86,
RMW-87, and RMW-88) were sampled for 1,4-dioxane analysis during the 2016 site-wide monitoring
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program. Concentrations of 1,4-dioxane in upper aquifer wells ranged from non-detect in monitoring well
GM-80 to 340 pg/L in monitoring well GM-35. Concentrations of 1,4-dioxane in three of the 10 upper
aquifer wells exceeded the U.S. EPA recommended action level of 4.6 ug/L. Concentrations of 1,4-
dioxane in lower aquifer wells ranged from non-detect in monitoring well GM-11 to 68 pg/L in monitoring
well HR-12. Concentrations of 1,4-dioxane in six of the nine lower aquifer wells exceeded the U.S. EPA
recommended action level of 4.6 pg/L. In general, 1,4-dioxane concentrations in the upper and lower
aquifer were similar to the previously collected data.
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3 CORRECTIVE MEASURE PERFORMANCE

3.1 In-Situ Reactive Zone Performance Results

A detailed assessment of the effectiveness of the reactive zones and the results of this monitoring are
presented in Appendix A and summarized below.

e Aquifer conditions were strongly reducing within and downgradient of the in-situ reactive zones due to
the introduction of carbohydrate, as evidenced by the presence of methane at concentrations
significantly above background data.

e The target compounds (PCE and TCE) were reduced to daughter products (cis-1,2-DCE and vinyl
chloride) and ultimately to end products (ethene and ethane) based on the chlorinated VOC and light
hydrocarbon data (ethene and ethane).

e Enhanced reductive dechlorination continued to achieve the desired reduction of chlorinated VOC
concentrations in groundwater.

¢ No significant change in anaerobic conditions (e.g., the concentration of methane) or treatment
effectiveness (e.g., sustained reductions in chlorinated VOC concentrations with the observation of
elevated ethene and/or ethane) were observed as a result of the quarterly injection frequency.

3.2 Capture Zone Performance Results

Pumping well DN-13 is utilized to capture site-specific VOCs in lower aquifer groundwater. To determine
the effectiveness of DN-13 in this regard, several lines of evidence were evaluated following the general
procedures outlined in the U.S. EPA guidance, A Systematic Approach for Evaluation of Capture Zones
at Pump and Treat Systems (U.S. EPA 2008).

1. Review site data, CSM, and remedial objectives
Define site-specific target capture zone(s)

Interpret groundwater levels

Complete calculations for basis of hydraulic capture

Evaluate groundwater concentration trends

o o ~ N

Interpret site capture

3.21 Site Data and Conceptual Site Model

The initial steps for this capture zone analysis included review of Site data and the CSM, which consists
of the hydrogeologic structure, hydrogeologic properties (e.g. hydraulic conductivity), site groundwater
elevations (Table 7), site hydraulic gradients (horizontal [Tables 9 and 11] and vertical [Table 10]), and
DN-13 operational data (e.g. pumping rates).

A depiction of the lower aquifer, including the location of the largely continuous regional clay till unit, and
the screened interval of monitoring wells and DN-13 is presented in the 2012 CMP (Arcadis, Inc. 2012a).
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The lower aquifer hydraulic conductivity ranges from approximately 260 to 440 ft/day (Arcadis, Inc. 2012a
and Geraghty & Miller, Inc. 1990). Site groundwater elevation contours (i.e., potentiometric surface map)
for the lower aquifer are presented on Figure 9 and indicate that groundwater generally flows in a
northeast to southwest direction across the Site.

The approximate run-time average flow rate (pump in operation) for DN-13 in 2016 was approximately
945 gallons per minute (gpm [1.36 MGD]), while the average period (daily) rate (total flow volume
averaged over the entire year — including downtime) for 2016 was approximately 849 gpm (1.22 MGD).
The average period extraction rate for DN-13 for September 2016 was approximately 931 gpm (1.34
MGD), which coincides with the annual groundwater elevation monitoring. Well DN-13 was operational
throughout 2016 except for the periodic shutdowns related to power failures and for operation and
maintenance activities detailed in Appendix F.

3.2.2 DN-13 Pumping Well Operation and Maintenance

Well DN-13 is a lower aquifer extraction well that is owned by Montgomery County and operated by
Montgomery County and RACER Trust. Well DN-13 was part of the former Greater Moraine Water
System located in the former North Dryden Road well field and has been used in a Pump-to-Waste
Program since March 1990 in cooperation with former GM Corporation until March 31, 2011. The
operation has continued since that time in cooperation with RACER Trust.

The interim measure for the lower aquifer at the Site consists of continued pumping of DN-13 to capture
impacted groundwater. As required by the NPDES permit regulated by the Ohio EPA, the outfall for DN-
13 discharges to the Great Miami River, and monthly sampling is performed at the invert of the outfall and
the sampling port of the DN-13 well head to monitor water quality along with the discharge flow rate.

An operation and maintenance plan has been defined in the Extraction Well DN-13 Operation and
Maintenance Memorandum (Arcadis, Inc. 2015a) and the Extraction Well DN-13 Operation and
Maintenance Statue Memorandum (Arcadis, Inc. 2015b). Data has been collected monthly since April
2015 and is used to evaluate the performance of extraction well DN-13 by collecting specific data to
monitor extraction well performance; establishing criteria to determine reduced performance and prompt
corrective action; and developing protocols for corrective action. DN-13 performance monitoring and
corrective actions are detailed in the quarterly progress reports submitted to the U.S. EPA and Ohio EPA.
Corrective actions, monitoring data, and operation and maintenance activities/actions for DN-13 are
provided in Appendix F.

3.2.3 Site-Specific Target Capture Zone

The target capture zone for DN-13 is defined as the extent of impacted groundwater in the lower aquifer
containing total site-specific VOC concentrations above 5 ug/L (Figure E-12 and Figure 16). The pumping
program at DN-13 is intended to prevent further migration of the VOC plume and to capture the VOC-
impacted groundwater in the lower aquifer downgradient of the upper aquifer source areas at the Site.
The maximum width (perpendicular to groundwater flow) of total site-specific VOC concentrations greater
than 5 ug/L in the lower aquifer was estimated to be 2,700 ft. To account for some uncertainty in the
delineation, an additional 250 ft was added (i.e., 125 ft on each side), which results in an approximate
plume width of 2,950 ft.
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3.24 Interpreted Groundwater Levels

3.241 Potentiometric Surface

Groundwater elevation data are measured on an annual basis at the Site (Table 7), and this data can be
used to support several lines of evidence to demonstrate hydraulic capture. In general, groundwater in
the lower aquifer flows primarily from the northeast to the southwest (Figure 7). Groundwater elevation
data from the surrounding monitoring well network indicate that there is a localized cone of depression in
the vicinity of DN-13 with groundwater flowing towards the pumping well. An inferred capture zone was
delineated by drawing flow lines perpendicular to groundwater elevation contours in the lower aquifer and
is shown on Figure 16. The inferred delineation results in an estimated capture width of approximately
3,300 ft, just upgradient of DN-13.

3.24.2 Horizontal Hydraulic Gradients

In addition to capture interpretation via potentiometric surface maps, observed water-level data were also
used to approximate the extent of hydraulic capture by calculating the magnitude and direction of
horizontal hydraulic gradients between sets of adjacent monitoring wells located in the vicinity of the
extraction well DN-13. This triangular irregular network (TIN) analysis provides a means of evaluating
observed water-level data free of bias that is inherent in hand-drawn potentiometric surface maps.

Generally, monitoring well pairs are used as gradient control points for capture evaluation (i.e., used to
demonstrate inward gradients or inward flow towards the pumping well). However, the current distribution
of monitoring wells in the vicinity of DN-13 prohibits the designation of practical well pairs. To provide an
accurate measure of the extent of hydraulic influence that DN-13 has on the lower aquifer system,
hydraulic gradients were calculated to evaluate the flow direction (gradient angle and magnitude) using
water-level data from sets of three adjacent monitoring wells (Devlin 2003). This method of analysis is
consistent with and presented in the U.S. EPA’s capture zone guidance (U.S. EPA 2008). Five sets of
adjacent monitoring wells (three per set) located in the vicinity of DN-13 were evaluated and are shown
on Figure 17.

Horizontal hydraulic gradients were evaluated using 2016 groundwater elevation data. Results of the
evaluation are presented, including the magnitude and direction, in Table 9 and on Figure 17. The
groundwater flow directions (hydraulic gradients) in the lower aquifer indicated effective capture of
groundwater by DN-13.

3.2.4.3  \Vertical Hydraulic Gradients

Vertical hydraulic gradients were calculated from available upper and lower aquifer well pairs within the
vicinity of DN-13 including GM-10/GM-9, GM-16/GM-15, GM-18/GM-13, and GM-17/GM-11. The
calculated vertical hydraulic gradients shown in Table 10 indicate that a downward (negative) gradient is
present within the vicinity of DN-13. The magnitude of downward vertical hydraulic gradients in the vicinity
of DN-13 compared to on-site are greater (GM-18/GM-13 and GM-17/GM-11 compared to GM-2/GM-1
and 4S/GM-5).
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3.25 Calculations for Basis of Hydraulic Capture

To verify the interpretation of field data (i.e. potentiometric surface maps), flow calculations were also
completed to evaluate the extent of capture and provide an additional line of evidence. As outlined in the
U.S. EPA guidance (U.S. EPA 2008), the simplest and most commonly applied horizontal capture zone
calculation is the estimated flow rate calculation. Through application of Darcy’s law, this calculation
provides an estimated groundwater flux moving through the cross-sectional area of the target capture
zone such that a pumping rate required to capture this flux can be determined. The estimated
groundwater flux/required pumping rate can then be compared to the actual pumping rates measured in
the field to assess whether or not the system is pumping at a rate sufficient to contain the target capture
zone.

Simplified assumptions for this calculation include the following:

e Homogeneous, isotropic aquifer of infinite extent

e Confined aquifer, uniform aquifer thickness

o Fully penetrating recovery well(s)

¢ Uniform regional horizontal hydraulic gradient

e Steady-state flow

o Negligible vertical gradient

o Netrecharge is accounted for in the regional hydraulic gradient

e No other sources of water to the recovery well (e.g., flux from rivers or from other aquifers), except as
represented by the “factor” in the estimated flow rate calculation

The required pumping rate/groundwater flux is calculated using the following equation:
Q = K*i*(b*w)*factor

where:

Q is the volumetric recovery rate or groundwater flux (cubic feet/day [ft3/day])

K is the hydraulic conductivity (ft/day)

i is the regional hydraulic gradient (ft/ft)

b is the saturated thickness (ft)

w is the plume width (ft)

The factor term is intended to account for other contributions to the pumping well such as flux from a river
or induced vertical flow from other stratigraphic units. The assumed value for this term ranges from 1.5 to
2.0 (U.S. EPA 2008).

As noted in the U.S. EPA guidance document, this calculation requires an estimate of the regional
hydraulic gradient, without the influence of pumping. Because regional hydraulic gradients often change
with time, U.S. EPA (2008) suggests that, in some cases, water-level data obtained cross-gradient or
even upgradient and collected during the remedy implementation may be more appropriate than pre-
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remedy groundwater level data for calculating regional hydraulic gradient. As such, the average horizontal
hydraulic gradient, i, for the lower aquifer upgradient and outside the influence of DN-13 in 2016 is
approximately 4.8x10 ft/ft (Table 9).

As previously noted, the hydraulic conductivity, K, for the lower aquifer ranges from approximately 260 to
440 ft/day and the width of the target capture zone, w, in the lower aquifer is conservatively estimated to
be approximately 2,950 ft. The estimated saturated thickness (and, consequently, the impacted
thickness), b, of the lower aquifer is approximately 85 ft.

Using the parameter values listed above, the groundwater flux/required pumping rate was calculated for
the Site and shown in the table below.

Lower
Hydraulic Hydraulic | Saturated | Aquifer Groundwater
Condition Conductivity | Gradient | Thickness | Plume Flux/Pumping Rate
(ft/day) (ft/ft) (ft) Width (MGD/gpm)
(ft)
.2(.)16 260 4.8x10* 85 2,950 2 0.47/325
Minimum
2016
Maximum 440 4.8 x10* 85 2,950 2 0.79/550
(Conservative)

Note that a maximum factor of 2 was applied in both cases to provide a realistic range in groundwater
flux. For the given range in hydraulic conductivity values, the minimum and maximum groundwater flux
through the target capture zone are estimated to be approximately 0.47 and 0.79 MGD (325 and 550
gpm), respectively. Recall that the average period (daily) extraction rate for DN-13 for 2016 was
calculated to be 1.22 MGD (849 gpm) while the period rate in September 2016 was 1.34 MGD (931 gpm).
Compared to the estimated DN-13 groundwater flux/required pumping rates under both hydraulic
conductivity conditions, the actual period extraction rates for 2016 exceed the maximum groundwater flux
estimate. Therefore, even after incorporating an overly conservative set of parameters and applying a
maximum value for the factor, the results of this calculation suggest that the current operation rate of DN-
13 is sufficient to capture the target capture zone.

It is important to note that this mathematical model does not and cannot account for aquifer
heterogeneities (e.g., changes in transmissivity) or system complexities (e.g., boundary effects, recharge,
off-site sources, and off-site pumping). Therefore, these results represent a very simplified and idealized
depiction of the actual groundwater flux through the aquifer.

3.2.6 Chlorinated VOC Concentration Trends

Because plume migration generally follows groundwater flow towards pumping well DN-13 (Appendix E),
chlorinated VOC concentration trends were statistically analyzed for three monitoring wells located cross-
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gradient of DN-13. The goal of this trend analysis was to determine if chlorinated VOC concentrations
were increasing, decreasing, or stable to provide an additional line of evidence for DN-13 capture.

Data were statistically analyzed from three lower aquifer monitoring wells (GM-9, GM-15, and GM-20D).
These monitoring wells were chosen based on two criteria: having a sufficient number of data points to
allow for statistical testing and for their location relative to DN-13. It was also of interest to examine the
period beginning in July 2008, when Arcadis assumed control of the flow rate at the extraction well.

The statistical tests were performed for the total concentration of detected chlorinated VOCs. The
chlorinated VOCs that were detected in the three wells at any time from 1999 to 2016 included 1,1,1-
TCA, 1,1-DCA, cis-1,2-DCE, PCE, trans-1,2-DCE, TCE, and vinyl chloride. The detected concentrations
of the chlorinated VOCs were totaled and are presented in Table G-1. Field duplicates were not included.
J-flagged concentrations were taken to be quantitative for the purposes of this statistical evaluation. Non-
detections were treated as zeroes in the summation.

Trends in groundwater quality were evaluated using both the Mann-Kendall test for trends and the Sen’s
Slope Estimator. The coefficient of variation was also used as a measure of stability of groundwater
chlorinated VOC concentrations. The purpose of these tests was to identify statistically significant trends
in the concentrations of chlorinated VOCs. Statistical methods were employed following Statistical
Analysis of Groundwater Monitoring Data at RCRA Facilities - Unified Guidance, provided by the U.S.
EPA (U.S. EPA, 2009; Unified Guidance).

The Mann-Kendall trend test is a non-parametric test for linear trends based upon the concept that a
series of data points without a trend should fluctuate randomly around a constant mean. The test is non-
parametric because there is no requirement that the data follow any specific underlying distribution. If an
increasing trend were to exist, one would expect an earlier point to have a lower value than a later point.
The converse would be true if a decreasing trend were present. A Mann-Kendall statistic S is computed
by comparing each pair of data points in a data set and assigning a value of +1 or -1 if the earlier data
point is less than the later data point or greater than the later one, respectively. If the two data points are
equal, the pair is assigned a zero. The values assigned to the pairs are summed. If the total is positive, it
implies that the majority of the differences between points are positive, indicating a positive trend.
Likewise, a negative sum indicates a decreasing trend. A value at or near zero indicates that the
differences are roughly equal, implying that there is no trend. A critical value of S is determined based on
the number of points in the data set and the level of significance («) of the test. If the Mann-Kendall
statistic S exceeds the critical S, then an upward trend is statistically significant. Conversely, if the Mann-
Kendall S is negative and its absolute value is greater than the critical S, then there is a statistically
significant downward trend. An alpha of 0.05 was used with 0.025 significance on each of two tails, when
the data sets analyzed had 10 or more members. For data sets with eight members, an alpha of 0.10 was
used with 0.05 significance on each of two tails. Details concerning this test and how to conduct it can be
found in Section 17.3.2 of the Unified Guidance. The statistics for the Mann-Kendall test are implemented
in Microsoft Excel based on U.S. EPA (2009) guidance.

The magnitude of the trend can be evaluated using Sen’s slope estimator. The Sen’s slope estimator,
sometimes referred to as the Theil-Sen line (Helsel and Hirsch, 2002), is a non-parametric method for
estimating the slope of time-series data (U.S. EPA, 2006). The method was first introduced by Sen in
1968 (Sen, 1968). The approach involves computing slopes for each point compared to every successive
point, and then using the median of these slopes as an estimate of overall slope (U.S. EPA, 2006). Sen’s
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slope estimator is robust to outliers, data sets with a limited number of non-detects (i.e., values less than
sample reporting limits), and datasets with missing values (Gibbons, 1994; U.S. EPA, 2006). In fact,
nonparametric methods such as Sen’s slope estimator often perform as well or better than parametric
methods, and have the added benefit of avoiding pitfalls common to parametric regression methods,
which can include violating assumptions of normality or failure to address leverage points that can have a
substantial effect on the results (Helsel and Hirsch, 2002). For the Sens’ trend analysis, values below the
reporting limit were treated in the same manner as done for the Mann-Kendall analysis as per U.S. EPA
(2009). A 95% confidence level (a = 0.05 significance level) was used to test the null hypothesis that the
slope is not significantly different from zero (no trend) for the Sen’s slope estimation. The U.S. EPA
(2009) recommends that at least four and preferably eight samples be collected in order to perform Sen’s
slope estimator. For the Sens’ trend analysis, values below the reporting limit were treated in the same
manner as done for the Mann-Kendall analysis as per U.S. EPA (2009).

For each data set, the coefficient of variation index was computed by dividing the standard deviation by
the arithmetic mean of the data. If no statistically significant trend could be identified by the Mann-Kendall
test and if the coefficient of variation was less than or equal to 1.0, then the data set was considered to be
“stable.” If no trend was identified and the coefficient of variation exceeded 1.0, then the analysis could
only conclude that there was “no trend.”

The results of the statistical tests are presented in Table G-2 of Appendix G. Time series plots for each
dataset along with the results from the Mann-Kendall and Sen’s slope estimator trend tests are presented
in Figures G-1 through G-6. When the full data set was analyzed, no statistically significant trend was
identified by the Mann-Kendall test for GM-9 or GM-15. Because the coefficient of variation was less than
1.0 for both monitoring wells, the chlorinated VOC concentration data were determined to be stable. For
GM-20D, a statistically significant decreasing trend was observed. All three monitoring well data sets
were tested using Sen’s Slope Estimator as a second line of evidence. In all three cases, Sen’s Slope
Estimator confirmed the results obtained using the Mann-Kendall test.

The Mann-Kendall test was run to analyze total chlorinated VOC data following the method presented in
Unified Guidance (U.S. EPA, 2009). Tests were run for three monitoring wells for two time periods, from
1999 to present and after July 2008 to represent the time during which Arcadis was in control of the DN-
13 extraction well flow rate. For the full data set, no statistically significant increasing trends were
identified for GM-9 or GM-15. The total chlorinated VOC data from GM-20D were found to be significantly
decreasing. For the post-July 2008 dataset, no statistically significant increasing trend was identified in
GM-9 and a statistically significant decreasing trend was identified in the data from GM-20D. However,
an increasing trend was identified with the Mann-Kendall test for trends in GM-15. The increasing trend
was not confirmed with the Sen’s slope estimator, indicating that although concentrations may be
increasing, the slope of the trend was not found to be significant. Therefore, the total chlorinated VOC
concentrations in GM-15 are interpreted to be stable. Total chlorinated VOC concentrations at GM-15
ranged from 6.9 ug/L to 10.8 pg/L from 1999 to 2014, and in November 2015 and August 2016, total
chlorinated VOCs were 17.34 ug/L and 18.04 pg/L respectively.
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3.2.7 Interpreted Capture

The lines of evidence evaluated indicate that DN-13 is providing sufficient capture within the lower aquifer
to control and prevent further migration of site-specific VOCs. The lines of evidence investigated as part
of this analysis and their associated conclusions can be summarized as follows:

1. Interpret Groundwater Levels.

a. Potentiometric Surface Map — The lower aquifer groundwater elevation data indicate that
groundwater flows from the northeast to the southwest towards pumping well DN-13 and that
the inferred capture zone encompasses the target capture zone.

b. Horizontal Hydraulic Gradients — The horizontal hydraulic gradient evaluation indicates that
DN-13 is providing effective capture in the downgradient region of the lower aquifer.

c. Vertical Hydraulic Gradients — The vertical hydraulic gradients calculated for monitoring well
pairs in the vicinity of DN-13 indicate an overall downward (negative) vertical hydraulic
gradient from the upper to the lower aquifer.

2. Groundwater Flux Calculation — The groundwater flux calculations, which are based on
conservative parameter values, indicate that the 2016 average operating flow rate at DN-13 was
sufficient to capture the groundwater flux of the total site-specific VOC groundwater plume moving
through the target capture zone.

3. Evaluate Groundwater Concentration Trends — Results from the total chlorinated VOC Mann-
Kendall and Sen'’s slope estimator tests show that chlorinated VOC concentrations in the lower
aquifer in the vicinity of DN-13 are decreasing or stable (based on the full and post-July 2008
datasets), thereby indicating effective plume containment/capture.

Based on these multiple lines of evidence, an interpreted capture zone was delineated and shows
containment of the target capture zone on Figure 18. The results of this updated analysis are consistent
with previous analyses and the lines of evidence suggest that sufficient hydraulic capture within the lower
aquifer at the Site has been achieved.
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4 CORRECTIVE ACTION COMPLETION STRATEGY

4.1 Effectiveness of Interim Measure Activities

411 Background and Objectives

Updated Corrective Measures Objectives (CMOs) based on the RFI, Supplemental RFI, and
supplemental investigation results, including the Baseline Risk Assessment (BRA) conclusions;
Supplemental BRA conclusions; CMP supplemental risk assessment; requirements of the AOC; and U.S.
EPA guidance (U.S. EPA 1994) have been provided in the 2012 CMP (Arcadis, Inc. 2012a). The CMOs
proposed in the CMP to address site-specific VOCs in groundwater are presented below.

The CMOs for the protection of human health for the upper aquifer are as follows:

1. Address chlorinated VOC mass from historic releases from the primary source area (former Oil
House Area), including the chlorinated VOC mass delineated near the former Process Sump Area

2. Limit future migration of chlorinated VOCs from the primary source area to downgradient portions of
the upper aquifer and into the lower aquifer

3. Prevent the migration of chlorinated VOCs at concentrations exceeding the MCLs beyond the existing
plume boundary

4. Continue implementing the final corrective measures until the CMOs are achieved on-site and MCLs
can be met and maintained at the property line point of compliance without active remedial measures

The CMOs for the protection of human health for the lower aquifer are as follows:

1. To maintain the lower aquifer as usable groundwater for potential off-site, downgradient drinking
water uses

2. Prevent the migration of chlorinated VOCs at concentrations exceeding MCLs beyond the existing
plume boundary

3. To meet and maintain MCLs at the downgradient property line point of compliance without active
remedial measures

Implementation of the final remedy as outlined in the 2012 CMP is pending U.S. EPA approval.

41.2 Results

An evaluation of the data collected in 2016 is presented in Section 2.2.3. Current site-specific VOC
groundwater distribution within the upper aquifer above MCLs is migrating downgradient (southwest)
beyond the property boundary. For the lower aquifer, well DN-13, through several lines of evidence,
indicates sufficient capture within the lower aquifer exists to mitigate and control the migration of site-
specific VOCs off-site (refer to Section 3.2).
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4.2 Monitoring of Closed Lagoons

4.2.1 Background and Objectives

One additional component of the site-wide groundwater monitoring program is monitoring of other specific
units (i.e., the closed lagoons). The Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002)
was developed to meet the objectives of the Ohio EPA post-closure monitoring for the closed North and
South Settling Lagoons.

4.2.2 Methodology

As indicated above, this site-wide monitoring program was developed to meet the objectives of RCRA
corrective action and the post-closure groundwater monitoring requirements for the closed lagoons. The
site-wide program monitors potentially significant contributions of hazardous waste constituents to
existing groundwater quality from the closed lagoons. To determine if the closed lagoons may be
significant contributors of hazardous waste constituents to existing groundwater concentrations,
monitoring data collected from the designated post-closure monitoring wells located downgradient of each
of the closed lagoons are evaluated for temporal trends. The approach proposed in the Site-Wide
Groundwater Monitoring Plan for this assessment includes, as an initial approach, the application of linear
regression to determine if the concentration data for chlorinated VOCS suggests a strong positive
correlation with time as indicated by the coefficient of determination (R?). Further statistical assessment of
these well constituent concentrations was performed using the Mann-Kendall trend test and the Sen’s
slope estimator test described in Appendix H.

The monitoring wells identified in the Site-Wide Groundwater Monitoring Plan for monitoring each of the
closed lagoons are:

e Closed North Settling Lagoon: HR-4 (upgradient), W-2-N, W-3-N, and W-4-N
e Closed South Settling Lagoon: HR-17 (upgradient), W-2-S, W-3-S, and W-4-S

Additionally, monitoring wells GM-63, HR-1, and HR-16 were sampled to better characterize the
increased concentrations at monitoring wells HR-17 and W-4-S. Data collected from monitoring well GM-
83S in 2013 was also used for this evaluation.

4.2.3 Results

Data considered in the evaluation included results through the August 2016 monitoring event and data
ranging back to the initial post-closure monitoring event conducted in November 2001. Currently, the
data set collected since the lagoons were closed includes sixteen® data points for any monitoring
well/constituent pair.

For the Mann-Kendall trend analysis, values below the reporting limit were replaced by a common value
lower than the minimum detected value (i.e., 95% of the minimum detected value) for each dataset as per

3 With the exception of W-4-S which contains 20 data points for each constituent.
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U.S. EPA (2009), so that any pair of tied values or any pair of non-detects is simply given a score of zero
in the calculation of the Mann-Kendall statistic S. For consistency in data analysis, the same substitution
method is used for the Sen’s slope estimator and linear regression analyses. Field duplicate results were
not included.

As proposed in the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002), post-closure
monitoring data collected from those wells assigned to the closed North and South Settling Lagoons were
reviewed for temporal trends. Summary statistics and results from the statistical trend tests for each
dataset are presented in Table H-1. A summary matrix of trend test results is presented in Table H-2. The
data plots for key constituents are provided on Figure H-1 for the closed North Settling Lagoon (NSL) and
Figure H-2 for the closed South Settling Lagoon (SSL) in Appendix H. Individual time series plots for each
dataset together with results from the Mann-Kendall and Sen’s slope estimator trend tests are presented
in Figures H-3 to H-22.

For the wells used to assess conditions at the North Settling Lagoon, the linear regression analysis
suggest increasing concentrations of 1,1-DCA and cis-1,2-DCE in downgradient well W-4-N (Figures H-5
and H-6, respectively). In each of these cases, the slope is positive and the linear regression had a
coefficient of determination (R?) greater than 0.5. As provided for in the Site-Wide Groundwater
Monitoring Plan (Arcadis Inc. 2002), further assessment of these trends was performed using the Mann-
Kendall trend test. The results of this test indicate a statistically significant increasing trend for the 1,1-
DCA and cis-1,2-DCE concentrations in downgradient well W-4-N. These increasing trends are also
confirmed by the Sen’s slope estimator trend test. An increasing trend was identified for trans-1,2-DCE in
W-4-N by the both the Mann-Kendall and Sen'’s slope estimator trend tests (Figure H-7), although the R?
was less than 0.5 (0.42). Concentrations of cis-1,2-DCE and trans-1,2-DCE were an order of magnitude
below maximum contaminant levels (MCL).

In the upgradient well HR-04, increasing trends were identified for 1,1,1-TCA and 1,1-DCA by the Mann-
Kendall trend test (Figures H-3 and H-4 respectively), although the magnitude of these trends were not
statistically significant using the Sen’s slope estimator trend test and the R? was less than 0.5.
Concentrations range from 0.17 to 2.0 ug/L for 1,1,1-TCA in HR-04 and are below the MCL of 200 ug/L.

In summary, the North Settling Lagoon data indicate a statistically significant increasing trend in cis-1,2-

DCE, 1,1-DCA, and trans-1,2-DCE in downgradient monitoring well W-4-N. Several observations suggest

a source (upgradient) other than the North Settling Lagoon for cis-1,2-DCE, 1,1-DCA, and trans-1,2-DCE

in monitoring well W-4-N:

e The absence of concentrations of cis-1,2-DCE and trans-1,2-DCE above MCLs and the low-level
detections of 1,1-DCA (less than 8 ug/L).

e The fact that these constituents (1,1-DCA, cis-1,2-DCE, and trans-1,2-DCE) are daughter products of
VOCs that have been detected upgradient of the North Settling Lagoon indicates that.

For the wells used to assess conditions at the South Settling Lagoon, increasing trends were identified in
the four wells for at least two to five of the following five constituents: 1,1-DCA, cis-1,2-DCE, trans-1,2-
DCE, PCE, and TCE (Table K-2 and Figure K-2).

e Upgradient well HR-17. A statistically significant increasing trend for PCE was identified with both the
Mann-Kendall and Sen’s slope estimator trend tests, and the R? was greater than 0.5. PCE
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concentrations over the past five sampling events ranged from 140 to 170 pg/L which were above the
MCL of 5 ug/L (Figure H-13). A statistically significant increasing trend for TCE was also identified with
both the Mann-Kendall and Sen’s slope estimator trend tests, although the R? was less than 0.5.
Concentrations over the past five sampling events ranged from <2.0 to 160 ug/L and were above the
MCL of 5 pg/L in four of the last five sampling events (Figure H-19).

o W-2-S. A statistically significant increasing trend for TCE was identified with both the Mann-Kendall and
Sen’s slope estimator trend tests, although the R? was less than 0.5. Concentrations over the past five
sampling events ranged from 5.0 to 23 ug/L which were above the MCL of 5 pg/L (Figure H-20).

o W-3-S. Statistically significant increasing trends for both cis-1,2-DCE and PCE were identified with both
the Mann-Kendall and Sen’s slope estimator trend tests, and the R? was greater than 0.5 for both.
Concentrations for cis-1,2-DCE were an order of magnitude below the MCL (Figure H-11), and
concentrations of PCE over the past five sampling events ranged from 4.4 to 62 ug/L and were above
the MCL of 5 pg/L in four of these five sampling events (Figure H-14). A statistically significant
increasing trend for TCE was identified with both the Mann-Kendall and Sen’s slope estimator trend
tests, although the R? was less than 0.5. Concentrations over the past five sampling events ranged from
5.7 to 97 pg/L which were above the MCL of 5 ug/L (Figure H-21).

o W-4-S. A statistically significant increasing trend for 1,1-DCA, cis-1,2-DCE, PCE, and TCE was
identified with both the Mann-Kendall and Sen'’s slope estimator trend tests, and the R? was greater
than 0.5 for the four constituents. Concentrations of cis-1,2-DCE were an order of magnitude below the
MCL of 70 pg/L. Concentrations of PCE over the past five sampling events ranged from 26 to 74 ug/L
which were above the MCL of 5 ug/L (Figure H-15). Concentrations of TCE over the past five sampling
events ranged from 21 to 72 pg/L which were above the MCL of 5 pg/L (Figure H-22). A statistically
significant increasing trend for trans-1,2-DCE was identified with both the Mann-Kendall and Sen’s
slope estimator trend tests, although the R? was less than 0.5, and concentrations were an order of
magnitude below the MCL of 100 pg/L.

The detected concentrations for PCE and TCE in the upgradient monitoring well HR-17 in the 2015
sampling event were 150 pg/L and 160 ug/L, respectively. The trends of PCE and TCE concentration
versus time in monitoring well HR-17 are strongly positive and statistically significant. The observed
concentration increases identified in downgradient monitoring well W-4-S for TCE and PCE appear to
correlate with the concentrations and increasing trends also observed in upgradient well HR-17. The
correlations between concentrations in upgradient well HR-17 and downgradient well W-4-S for TCE and
PCE were tested statistically using Pearson correlation coefficients and were found to be statistically
correlated at the 1% significance level (Figure H-23). This correlation suggests a source (upgradient)
other than the South Settling Lagoon for the TCE and PCE increases. Although the concentrations for
cis-1,2-DCE, trans-1,2-DCE, and 1,1-DCA in wells W-4-S and HR-17 are not statistically correlated, the
concentrations are still below applicable drinking water standards. Further, the presence of daughter
products 1,1-DCA, cis-1,2-DCE, and trans-1,2-DCE is expected from the natural attenuation processes.

Data collected from HR-1, approximately 1,000 feet upgradient of HR-17 and the South Settling Lagoon
corroborate the statistical analysis. TCE was detected at 210 ug/L in 2015 and at 190 pg/L in 2016. PCE
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was detected at 76 ug/L in 2015 and at 63 pg/L in 2016. Concentrations of PCE and TCE both show an
increasing trend at HR-01 (Figure H-24). Concentrations of cis-1,2-DCE, trans-1,2-DCE, and 1,1-DCA
show decreasing trends and were detected at concentrations below MCLs, similar to the results in HR-17.
Increasing trends at both upgradient wells HR-01 and HR-17 suggest a source other than the SSL for the
TCE and PCE increases.

In conclusion, the monitoring of the closed North and South Settling Lagoons showed that the closed
lagoons do not appear to be contributing hazardous waste constituents to existing groundwater
concentrations in the area.
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5 CONCLUSIONS AND RECOMMENDATIONS

This site-wide report presents the groundwater monitoring activities completed in 2016 at the RACER
Trust Moraine Facilities located in Moraine, Ohio. This sampling was conducted to meet the five
objectives presented in Section 1.2. Compliance with these objectives is presented for the closed
lagoons, interim measures, and on-going site-wide groundwater monitoring in the following sections.

5.1 Post-Closure Monitoring

As proposed in the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002), post-closure
monitoring data collected at the closed North and South Settling Lagoons were evaluated to determine if
these closed units may be contributing site-specific VOCs to groundwater.

This evaluation determined that post-closure monitoring data indicate that these units do not appear to be
affecting groundwater quality. Based on the results from the 2016 monitoring, no changes in the
monitoring program for the closed lagoons are proposed.

5.2 Interim Measures Performance

The approach for RACER Trust in achieving its corrective action goals for the former Moraine Facilities is
based on a combination of interim measures (in-situ treatment and hydraulic control) designed to reduce
existing plume concentrations thereby achieving plume reduction and migration control.

5.21 In-Situ Treatment

Groundwater quality monitoring at and downgradient of the reactive zones indicates that this in-situ
treatment program has been effective at reducing chlorinated VOC concentrations in groundwater via
anaerobic reductive dechlorination. As observed during the 2016 monitoring, the upper aquifer conditions
in the areas downgradient of the in-situ reactive zones have been converted to strongly reducing
conditions through the introduction of a carbon source, as evidenced by the presence of methane at
concentrations significantly above baseline data and further supported qualitatively with field parameter
data (e.g., low dissolved oxygen and oxidation-reduction potential). Further, the chlorinated VOC results
indicate that the target compounds (PCE and TCE) have been effectively reduced to daughter products
(cis-1,2-DCE and vinyl chloride) and ultimately to ethene and ethane.

In general, the process of ERD has been successful in achieving reduction of chlorinated VOC
concentrations downgradient of source areas. The frequency of substrate injections will continue to be
quarterly in 2017 based on the updated transport velocities in the updated CSM.

5.2.2 Hydraulic Capture

Groundwater elevation monitoring, horizontal and vertical hydraulic gradients, groundwater flux
calculations, and lower aquifer chlorinated VOC concentration trends indicate that the interim measure
DN-13 continues to be effective at maintaining capture of the target capture zone in the lower aquifer.
Based on the effective performance of the pumping program during 2016, the current pumping program
at DN-13 will continue to be implemented and evaluated in 2017.
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The current groundwater monitoring program includes an assessment of changes in site-specific VOCs in
both the upper and lower aquifers at locations upgradient of the former Moraine Facilities, as well as on-
site and downgradient of the former facilities. Data collected from upper and lower aquifer wells located
upgradient of the former facilities confirms that upgradient sources of chlorinated VOCs, not related to
former GM Corporation operations, persist in the local area. Other than upgradient contributions of
chlorinated VOCs to on-site groundwater and areas evaluated as part of the former Process Sump Area
source area, the monitoring data indicate a general site-wide decrease in chlorinated VOC concentrations
since the baseline sampling event conducted in 1999 as a result of the interim measures. Chlorinated
VOC concentrations remain above MCLs for off-site wells in the upper and lower aquifers. However,
lower aquifer groundwater, downgradient beyond the property boundary, is captured by the lower aquifer
capture zone well DN-13.

The overall decreasing concentrations in the wells downgradient of the Site since the interim measures
were first implemented are likely attributable to the combined effects of interim measures that include
pumping at TW-2 which began in January 1996 (inactive as of July 2012), pumping at DN-13, and
ongoing ERD of the chlorinated VOCs. However, concentrations in upper aquifer monitoring wells
immediately downgradient of the Site to the southwest, as well as concentrations in lower aquifer wells
remain above MCLs. Therefore, active measures to include a final proposed site-wide remedy are still
required to achieve the corrective measures objectives.

Based on the evaluation of the site-wide groundwater quality, both the amended in-situ treatment and
hydraulic capture (lower aquifer) will continue until modifications are implemented for the final site-wide
remedy proposed in the 2012 CMP (Arcadis, Inc. 2012a). A summary of the DN-13 operations and
maintenance activities is provided in Appendix F.

5.3 Reassessment of Site-Wide Groundwater Monitoring Program

In accordance with the Site-Wide Groundwater Monitoring Plan (Arcadis G&M, Inc. 2002) with
modifications from the Site-Wide Groundwater Monitoring Report for 2008 (Arcadis, Inc. 2009),
groundwater monitoring was completed in 2016 to evaluate groundwater quality upgradient and
downgradient of the closed lagoons and landfills, performance of the in-situ reactive zones, and
performance of the capture zone. Based on the data collected during the 2016 monitoring period, the
monitoring program has provided sufficient data for a comprehensive evaluation of the current corrective
action objectives.
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A ARCADIS
Site-Wide Groundwater Monitoring Program for 2016

RACER Trust Moraine Facilities
Moraine, Ohio

2016 Site-Wide Annual Groundwater Sampling

Upper aquifer monitoring wells analyzed for the site-specific list of VOCs(") and field parameters® in 2016.
Biogeochemical parameters® and 1,4-dioxane® analyzed at select wells identified below:

W-1-N HR-4 TW-2 GM-230 GM-35% GM-590) GM-79¢4)
W-2-N HR-7 GM-2 GM-24 GM-43 GM-60®*  GM-80¢
W-3-N HR-16 GM-6*) GM-26 GM-47 GM-63 RMW-89
W-4-N HR-17 GM-83)X4) GM-28R® GM-50 GM-65S RMW-90
HR-1 W-2-S GM-16¢ GM-290)4) GM-51 GM-74S

HR-2 W-3-S GM-1986®) GM-30 GM-524 GM-75S6)

HR-3 W-4-S GM-214)4) GM-320 GM-55 GM-78

Lower aquifer monitoring wells sampled for the site-specific list of VOCs("), 1,4-dioxane® and field parameters® in 2016:

HR-124) GM-9®) GM-19D GM-68D GM-83D@ RMW-86¢)
HR-15 GM-11® GM-20D GM-75D® GM-84 RMW-87
DN-13 GM-15¢) GM-54 GM-77D RMW-85 RMW-88¢*)

Analytical Methods

The following table presents the analytical methods used to analyze each parameter sampled during the site-wide annual
groundwater monitoring event.

Parameter Analytical Method
Site-specific list of VOCs SW846 8260B
1,4-Dioxane SW846 8260B SIM
Manganese, total and dissolved SW846 6010B
Iron, total and dissolved SW846 6010B
Sulfate MCAWW 300.0
Sulfide, total SM 4500 S2 F-2000
Total organic carbon SW846 9060
Chlorides SW846 9251
Ethane, ethene, methane AM20GAX
Nitrate MCAWW 300.0
NOTES:

1 - Site-specific list of VOCs for 2016 includes: benzene, 1,1-dichloroethane, 1,1-dichloroethene, cis-1,2-dichloroethene, trans-1,2-
dichloroethene, ethylbenzene, tetrachloroethene, toluene, 1,1,1-trichloroethane, trichloroethene, vinyl chloride, and xylenes.

2 - Field parameters include: pH, specific conductivity, dissolved oxygen, oxidation reduction potential, and temperature.

3 - Biogeochemical parameters include: nitrate, manganese (total and dissolved), iron (total and dissolved), sulfate, sulfide, total organic
carbon, chlorides, ethane, ethene, and methane.

4 - Wells analyzed for 1,4-dioxane.
5 - Upper aquifer monitoring well GM-32 was sampled for total organic carbon only.
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A ARCADI
Carbon Source Solution Introduction Volumes for 2016

RACER Trust Moraine Facilities
Moraine, Ohio

First Quarter Second Quarter Third Quarter Fourth Quarter

Injection Well Injection Event #1 64" Injection Event #1 65 Injection Event #1 66® Injection Event #1 67"

Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm) | Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm)

Rz-1C 800 15.10 400 14.30 500 29.40 600 15.80
RZ-1D 800 12.50 800 19.00 300 23.10 1000 27.00
RzZ-1E 800 16.70 800 18.60 800 26.70 800 27.60
RZ-1F 800 17.40 800 17.00 800 25.80 800 25.00
RzZ-1G 800 20.00 800 19.00 800 27.60 800 30.80
RZ-1H 800 9.90 800 18.60 800 16.70 800 15.70
Rz-11 800 17.80 800 20.50 800 24.20 800 24.20
RZ-1J 800 20.00 800 17.40 800 21.60 800 25.00
RZ-1K 800 20.50 800 22.20 800 27.60 800 28.60
Rz-1L 800 20.50 800 22.90 800 25.80 800 29.60
RZ-1M 800 14.50 800 15.10 800 23.50 800 22.90
RZ-1N 800 14.00 800 15.70 800 17.00 800 24.20
Rz-10 800 16.70 800 17.80 800 25.80 800 25.00
Rz-1P 800 20.00 800 22.90 800 22.90 800 28.60
RzZ-1Q 800 13.80 800 17.80 800 23.50 800 25.00
RZ-1R 800 20.15 800 21.10 800 26.70 800 32.00
RZ-1S 800 19.00 800 18.60 800 27.60 800 26.70
RZ-1T 800 19.50 800 22.20 800 30.80 800 32.00
RZ-1U 800 19.00 800 22.20 800 32.00 800 30.80

Reactive Zone 1 Total Volume 15,200 NA 14,800 NA 14,400 NA 15,200 NA

NOTES:

Carbon source introduced into each well is a 50:1 solution (potable water to molasses).

gal - gallons.

gpm - gallons per minute.
NA - Not Applicable.
(1) Injection Event #164 was completed on February 22nd-25th, March 1st, March 3rd, March 7th-11th, March 15th, March 17th-18th, March 21st-25th, and March 28th-31st.

(2) Injection Event #165 was completed on May 6th, May 10th-11th, May 13th, May 17th-18th, May 23rd, May 25th-27th, May 31st, June 13th, June 15th-16th, June 20th-24th, and June 27th-30th.

(3) Injection Event #166 was completed on August 12th, August 15th-18th, August 26th, August 29th-31st, September 7th-8th, September 12th, September 16th, September 23rd, and September 29th-30th.

(4) Injection Event #167 was completed on October 11th-13th, October 21st, October 24th, October 27th, November 4th, November 7th-11th, November 29-30th, December 2nd-3rd, December 6th-7th, December
12th-13th, December 17th, and December 27th-30th.
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Carbon Source Solution Introduction Volumes for 2016 }A ﬁ?m;

RACER Trust Moraine Facilities
Moraine, Ohio

First Quarter Second Quarter Third Quarter Fourth Quarter

Injection Well Injection Event #1 64" Injection Event #1 65 Injection Event #1 66® Injection Event #1 67"

Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm) | Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm)

RZ-3A 1600 19.10 1600 20.30 1600 20.10 1600 27.20
RZz-3B 1600 16.90 1600 21.10 1600 16.40 1600 31.40
Rz-3C 1600 19.10 1600 19.40 1600 15.00 1600 28.60
RZ-3D 800 11.80 800 11.30 800 7.30 800 10.10
Rz-3E 800 9.00 800 12.10 800 11.30 800 11.00
RZz-3F 800 12.90 800 8.60 800 10.30 1600 23.20
RZ-3G 800 11.90 800 11.90 800 9.10 1600 23.20
RZ-3H 1600 18.30 1600 19.80 1600 12.90 1600 23.50
Rz-3I 1600 14.40 1600 15.40 800 8.50 800 11.40
RZ-3J 1600 15.10 1600 15.90 800 10.30 1600 28.60
RZ-3K 1600 16.20 1600 20.60 800 7.50 1600 21.80
Rz-3L 1600 22.00 800 8.70 1600 14.40 1600 32.00
RZ-3M 1600 21.40 1600 23.50 1600 14.90 1600 32.00
RZ-3N 1600 21.10 1600 22.90 1600 15.00 1600 31.40
RZ-30 1600 19.80 1600 20.30 1600 15.40 1600 29.70
Rz-3P 1600 15.60 1600 15.50 1600 11.60 1600 29.20
RZ-3Q 1600 19.50 1600 21.40 1600 32.00 1600 29.20
RZ-3R 1600 23.60 1600 23.20 1600 34.10 1600 30.30
RZ-3S 1600 19.30 1600 19.80 1600 32.10 1600 28.60
RZ-3T 1600 16.80 1600 16.00 1600 28.10 1600 26.90
RZ-3U 1600 20.30 1600 20.60 1600 30.80 1600 28.10

NOTES:

Carbon source introduced into each well is a 50:1 solution (potable water to molasses).

gal - gallons.

gpm - gallons per minute.
NA - Not Applicable.
(1) Injection Event #164 was completed on February 22nd-25th, March 1st, March 3rd, March 7th-11th, March 15th, March 17th-18th, March 21st-25th, and March 28th-31st.

(2) Injection Event #165 was completed on May 6th, May 10th-11th, May 13th, May 17th-18th, May 23rd, May 25th-27th, May 31st, June 13th, June 15th-16th, June 20th-24th, and June 27th-30th.

(3) Injection Event #166 was completed on August 12th, August 15th-18th, August 26th, August 29th-31st, September 7th-8th, September 12th, September 16th, September 23rd, and September 29th-30th.

(4) Injection Event #167 was completed on October 11th-13th, October 21st, October 24th, October 27th, November 4th, November 7th-11th, November 29-30th, December 2nd-3rd, December 6th-7th, December
12th-13th, December 17th, and December 27th-30th.
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Table 2 a R D I F““—“ﬁ.ﬁﬁ":‘;‘,"“a““
Carbon Source Solution Introduction Volumes for 2016 }A ﬁ?m;

RACER Trust Moraine Facilities
Moraine, Ohio

First Quarter Second Quarter Third Quarter Fourth Quarter

Injection Well Injection Event #1 64" Injection Event #1 65 Injection Event #1 66® Injection Event #1 67"

Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm) | Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm)

RZz-3V 1600 18.40 1600 19.10 1600 30.80 1600 30.20
RZ-3W 1600 20.80 1600 21.70 1600 30.80 1600 26.30
RZ-3X 1600 18.00 1600 18.60 1600 28.60 1600 25.80
RZz-3Y 1600 19.60 1600 21.10 1600 33.40 1600 30.80
Rz-32 1600 18.20 1600 18.70 1600 30.80 1600 29.60
RZ-3AA 1600 16.90 1600 19.80 1600 30.80 1600 30.80
RZ-3BB 1600 17.10 1600 20.10 1600 30.20 1600 30.00
Rz-3CC 1600 19.60 1600 22.60 1600 31.40 1600 32.10
Rz-3DD 1600 20.00 1600 21.90 1600 30.20 1600 30.80
RZ-3GG 1600 18.80 1600 19.80 1600 30.80 1600 28.10
RZ-3HH 1600 17.50 1600 17.60 1600 28.60 1600 27.30
RZ-3lI 1600 21.40 1600 21.40 1600 30.20 1600 29.10
RZ-3JJ 1600 18.50 1600 16.60 400 11.40 600 6.00
RZ-3KK 1600 16.10 1600 14.40 1200 23.40 1000 38.40
RZ-3RR 1600 12.20 800 11.60 1600 20.80 1600 22.40
RZ-3SS 800 11.40 800 10.50 1600 17.40 1600 18.50
RZ-3TT 800 9.10 800 7.80 1600 15.60 1600 16.10
Rz-3UU 400 5.60 400 5.30 800 10.40 1600 12.60
RZ-3vV 1200 10.00 800 7.30 1600 13.10 1600 15.40
Reactive Zone 3 Total Volume 57,600 NA 55,600 NA 56,000 NA 60,000 NA
NOTES:
Carbon source introduced into each well is a 50:1 solution (potable water to molasses).
gal - gallons.

gpm - gallons per minute.
NA - Not Applicable.
(1) Injection Event #164 was completed on February 22nd-25th, March 1st, March 3rd, March 7th-11th, March 15th, March 17th-18th, March 21st-25th, and March 28th-31st.

(2) Injection Event #165 was completed on May 6th, May 10th-11th, May 13th, May 17th-18th, May 23rd, May 25th-27th, May 31st, June 13th, June 15th-16th, June 20th-24th, and June 27th-30th.

(3) Injection Event #166 was completed on August 12th, August 15th-18th, August 26th, August 29th-31st, September 7th-8th, September 12th, September 16th, September 23rd, and September 29th-30th.

(4) Injection Event #167 was completed on October 11th-13th, October 21st, October 24th, October 27th, November 4th, November 7th-11th, November 29-30th, December 2nd-3rd, December 6th-7th, December
12th-13th, December 17th, and December 27th-30th.
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Table 2 a R D I F“"—"ﬁ.,‘”’,j":':,"“a"“
Carbon Source Solution Introduction Volumes for 2016 }A ﬁ?m;

RACER Trust Moraine Facilities
Moraine, Ohio

First Quarter Second Quarter Third Quarter Fourth Quarter

Injection Well Injection Event #1 64" Injection Event #1 65 Injection Event #1 66® Injection Event #1 67"
Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm) | Volume (gal) Flow Rate (gpm) [ Volume (gal) Flow Rate (gpm)

RZ-4A 3000 14.00 2200 14.30 3000 26.10 3000 27.30
RZ-4B 3000 15.20 3000 14.00 3000 26.80 3000 24.80
RzZ-4C 3000 14.50 3000 15.00 3000 27.10 3000 27.50
RZ-4D 3000 18.00 3000 19.10 3000 26.10 3000 32.30
RZ-4E 3000 18.50 3000 19.00 3000 23.40 3000 32.30
RZ-4F 3000 16.40 3000 14.90 3000 29.00 3000 28.90
RZ-4G 3000 19.00 3000 18.70 3000 28.30 1700 22.30
RZ-4H 3000 19.00 3000 18.20 3000 31.40 2900 31.50

Reactive Zone 4 Total Volume

Quarterly Total Volumes

Annual Total Volume 382,600

NOTES:

Carbon source introduced into each well is a 50:1 solution (potable water to molasses).

gal - gallons.

gpm - gallons per minute.

NA - Not Applicable.

(1) Injection Event #164 was completed on February 22nd-25th, March 1st, March 3rd, March 7th-11th, March 15th, March 17th-18th, March 21st-25th, and March 28th-31st.

(2) Injection Event #165 was completed on May 6th, May 10th-11th, May 13th, May 17th-18th, May 23rd, May 25th-27th, May 31st, June 13th, June 15th-16th, June 20th-24th, and June 27th-30th.

(3) Injection Event #166 was completed on August 12th, August 15th-18th, August 26th, August 29th-31st, September 7th-8th, September 12th, September 16th, September 23rd, and September 29th-30th.

(4) Injection Event #167 was completed on October 11th-13th, October 21st, October 24th, October 27th, November 4th, November 7th-11th, November 29-30th, December 2nd-3rd, December 6th-7th, December
12th-13th, December 17th, and December 27th-30th.
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Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

Iles»gn & Cnnslllancy
aor ratural

bmltawels

W-1-N GM-24 GM-23 GM-59 - GM-74S GM-75S RMW-89 RMW-90
8/1 8/2 8/16/20 8/22/2016 8/23/2016 8/23/20 8/24/2016 8/24/2016 8/17/20
McL’ Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <1.0U 10 <2.0U <2.0U 1.1J <20U <2.0U <20U

1,1-Dichloroethane ug/L 4.8 0.84J 8.6 <20U 0.69J <20U <2.0U <20U 8.4
1,1-Dichloroethene ug/L 7 <1.0U <1.0U 114 <2.0U <2.0U <2.0U <2.0U <20U 0.96 J
Benzene ug/L 5 <1.0U 1.5 <20U <20U <20U <20U <20U <20U <1.0U
cis-1,2-Dichloroethene ug/L 70 0.36 J 1.2 530 2.6 12 <20U <20U 4.4 31
Ethylbenzene ug/L 700 <1.0U <1.0U <20U <20U <20U <20U <20U <20U <1.0U
Tetrachloroethene ug/L 5 <1.0U <1.0U 8.0 280 530 69 520 61 1.5
Toluene ug/L 1,000 <1.0U 0.94J <20U <20U <20U <20U <20U <20U <1.0U
trans-1,2-Dichloroethene ug/L 100 <1.0U <1.0U 18 <2.0U <2.0U <2.0U <2.0U <20U 0.99J
Trichloroethene ug/L 5 <1.0U 4.5 7.6 170 700 14 K 68 21 55
Vinyl chloride ug/L 2 <1.0U <1.0U 280 <20U <2.0U <20U <20U <20U 0.81J
Xylene (total) ug/L 10,000 <20U <20U <40U <40U <40U <40U <40U <40U <2.0U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.

U - Constituent not detected above laboratory reporting limit shown.
UB - Analyte considered non-detect at listed value due to associated blank contamination
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Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

IfJeslgn & Cnnalllancy
aor ratural
bﬂlhm

Downgradient Reactive Zone Performance Wells Closed North Settling Lagoon Monitoring Results
GM-28R GM-29 GM-30 HR-3 GM-21 - GM-8 HR-4 W-2-N W-3-| W-4-N
8/22/20 8/22/20 8/26/2016 8/25/2016 8/22/20 8/22/2016 8/19/20 8/15/2016 8/19/2016 8/19/2
MmcL' Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <1.0U <1.0U <10U <1.0U <10U <1.0U . <1.0U <1.0U <1.0U
1,1-Dichloroethane ug/L <1.0U 10 7.6 6.6 <1.0U <1.0U 0.37J 3.4 1.6 <1.0U <1.0U 4.6

1,1-Dichloroethene ug/L 7 <10U <2.0U <10U <2.0U <1.0U <1.0U <1.0U <1.0U <1.0U <10U <1.0U <1.0U
Benzene ug/L 5 <1.0U <20U 8.9 <20U <1.0U <1.0U 0.79J <1.0U <1.0U <1.0U <1.0U <1.0U
cis-1,2-Dichloroethene ug/L 70 13 470 <1.0U 93 <1.0U 0.29J <1.0U 44 042 2.8 22 9.5

Ethylbenzene ug/L 700 <1.0U <20U 4.7 <2.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U
Tetrachloroethene ug/L 5 1.3 13 <1.0U 0.95J <10U <1.0U <10U <1.0U <1.0U <1.0U <1.0U <1.0U
Toluene ug/L 1,000 <1.0U <20U 1.1 <2.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U
trans-1,2-Dichloroethene ug/L 100 0.31J 14 6.5 2.5 <1.0U <1.0U <1.0U 0.64J <1.0U <1.0U 0.34J 0.63J
Trichloroethene ug/L 5 0.29J 360 <1.0U 200 <1.0U <1.0U <1.0U 1.8 0.36 J 1.6 <1.0U 10

Vinyl chloride ug/L 2 <1.0U 42 0.29J 4.2 <10U <1.0U <10U 4.6 <1.0U <10U 1.9 <1.0U
Xylene (total) ug/L 10,000 <20U <40U 9.6 <40U <2.0U <20U <2.0U <20U <2.0U <20U <2.0U <2.0U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.

U - Constituent not detected above laboratory reporting limit shown.
UB - Analyte considered non-detect at listed value due to associated blank contamination
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Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

IfJeslgn & Cnnalllancy
aor ratural
bﬂlhm

i on Monitoring Results
HR-16 HR-17 W-2 W-3-S HR-1 GM-43 GM-35 HR-7
8/22/2 8/25/20 8/23/2016 8/23/2016 8/23/2016 8/23/2016 8/23/20 8/15/2016
McL’ Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <1.0U <20U . <20U 16J 16J <50 U <1.0U <1.0U
1,1-Dichloroethane ug/L 15 <20U 1.0 <20U 1.7J <20U 0.72J 19J 9.5 0.34J
1,1-Dichloroethene ug/L 7 <1.0U <2.0U <1.0U <2.0U <2.0U <2.0U <2.0U <50 U <1.0U <1.0U
Benzene ug/L 5 <1.0U <20U <1.0U <20U <2.0U <20U <2.0U <50U <1.0U <1.0U
cis-1,2-Dichloroethene ug/L 70 1.0 <2.0U 1.9 2.1 12 3.3 11 120 29 1.9

Ethylbenzene ug/L 700 <10U <20U <10U <20U <20U <20U <20U <50 U <1.0U <1.0U
Tetrachloroethene ug/L 5 <1.0U 170 0.34J 62 54 63 M 27J <1.0U <10U
Toluene ug/L 1,000 <10U <20U <10U <20U <20U <20U <20U <50 U <1.0U <1.0U
trans-1,2-Dichloroethene ug/L 100 0.67 J <2.0U 0.30J <2.0U 1.1J <2.0U 0.83J <50 U 0.39J <1.0U
Trichloroethene ug/L 5 3.6 <20U 6.6 11 45 190 260 120 <1.0UB 7.0

Vinyl chloride ug/L 2 <10U <20U <10U <20U <20U <20U <20U <50 U <10U <1.0U
Xylene (total) ug/L 10,000 <20U <40U <20U <40U <40U <40U <40U <100 U <2.0U <20U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.

U - Constituent not detected above laboratory reporting limit shown.
UB - Analyte considered non-detect at listed value due to associated blank contamination

Gi\PUblic\MOT Lagoon_Landfills_ \Tab 3 GW VOC Analytical 2016 3/6



Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

IfJeslgn & Cnnalllancy
aor ratural
bﬂlhm

| Property Boundary |
GM-2 TW-2 GM-16 GM-47 - GM-51 GM-52 GM-55 GM-65S GM-79 GM-80 GM-26
8/19/20 8/17/2016 8/18/2016 8/24/201 8/25/2016 8/25/2016 8/15/20 8/17/2016 10/27/2016 10/27/2016 8/15/2016
McL’ Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer Upper Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <10U <1.0U <10U <20U <10U 1.2 <1.0U <1.0U 2.2 <1.0U <1.0U 0.70 J 0.54J <1.0U
1,1-Dichloroethane ug/L 0.43J <1.0U 1.8 3.8 2.1 25 <1.0U <1.0U 0.84 J <1.0U <1.0U 2.6 0.60 J <1.0U
1,1-Dichloroethene ug/L 7 <10U <1.0U <10U <20U <10U <1.0U <10U <1.0U <17U <1.0U <1.0U <1.0U <1.0U <1.0U
Benzene ug/L 5 <1.0U <1.0U <1.0U <2.0U <1.0U <1.0U <1.0U <1.0U <17U <1.0U <1.0U <1.0U <1.0U <1.0U
cis-1,2-Dichloroethene ug/L 70 8.9 <1.0U 7.4 38 5.1 6.4 0.28J <1.0U 124 <1.0U <1.0U 7.4 3.6 <1.0U
Ethylbenzene ug/L 700 <1.0U <1.0U <1.0U <2.0U <1.0U <1.0U <1.0U <1.0U <17U <1.0U <1.0U <1.0U <1.0U <1.0U
Tetrachloroethene ug/L 5 8.5 <1.0U 23 39 14 6.5 30 2.0 38 3.4 6.2 2.1 20 1.3

Toluene ug/L 1,000 <1.0U <1.0U <1.0U <2.0U <1.0U <1.0U <1.0U <1.0U <17U <1.0U <1.0U <1.0U <1.0U <1.0U
trans-1,2-Dichloroethene ug/L 100 <1.0U <1.0U <1.0U 1.8J <1.0U <1.0U <1.0U <1.0U <1.7U <1.0U <1.0U <1.0U <1.0U <1.0U
Trichloroethene ug/L 5 6.3 <1.0U 5.7 4.4 41 33 <1.0UB <1.0U 5.0 <1.0U <1.0U 36 12 <1.0U
Vinyl chloride ug/L 2 <10U <1.0U 0.31J <20U <10U <1.0U <10U <1.0U <17U <1.0U <10U <1.0U <10U <1.0U
Xylene (total) ug/L 10,000 <2.0U <2.0U <2.0U <40U <2.0U <20U <2.0U <20U <33U <20U <2.0U <20U <2.0U <20U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.
U - Constituent not detected above laboratory reporting limit shown.

UB - Analyte considered non-detect at listed value due to associated blank contamination
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Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

IfJeslgn & Cnnalllancy
aor ratural
bﬂlhm

| Upgradient Contributions | On-Site Groundwater Qualit Other On-Site Areas
RMW-88 HR-12 GM-54 GM-68D GM-75D RMW-85 HR-15 RMW-86 RMW-87
8/26/20 8/16/2016 8/18/2016 8/17/20 8/24/20 8/24/2016 8/19/2016 8/17/2016 8/19/20
McL’ Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <2.0U <10U <1.0U . <2.0U <20U <1.0U . <1.0U <1.0U
1,1-Dichloroethane ug/L 24 3.1 <1.0U <1.0U <2.0U <20U <1.0U 13 7.8 <1.0U
1,1-Dichloroethene ug/L 7 <20U <1.0U <10U <1.0U <20U <2.0U <10U 1.9 <10U <1.0U
Benzene ug/L 5 <20U <1.0U <1.0U <1.0U <20U <20U <1.0U <1.0U <1.0U <1.0U
cis-1,2-Dichloroethene ug/L 70 55 1.8 <1.0U <1.0U 9.6 18 3.6 39 43K 2.4

Ethylbenzene ug/L 700 <20U <1.0U <10U <1.0U <20U <20U <10U <1.0U <10U <1.0U
Tetrachloroethene ug/L 5 <20U <1.0U 61 31 200 62 <10U 59 <10U 0.62J
Toluene ug/L 1,000 <20U <1.0U <10U <1.0U <20U <20U <10U <1.0U <10U <1.0U
trans-1,2-Dichloroethene ug/L 100 3.2 <1.0U <1.0U <1.0U <2.0U <2.0U <1.0U 1.6 23 <1.0U
Trichloroethene ug/L 5 <20U <1.0U 1.6 2.6 220 110 1.5 120 11 4.9

Vinyl chloride ug/L 2 <20U <1.0U <10U <1.0U <20U <20U 0.90J 0.42J 0.35J 6.2

Xylene (total) ug/L 10,000 <40U <20U <20U <20U <40U <40U <20U <20U <20U <20U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.
U - Constituent not detected above laboratory reporting limit shown.

UB - Analyte considered non-detect at listed value due to associated blank contamination
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Table 3

Summary of Groundwater VOC Analytical Results from Upper/Lower Aquifer Monitoring Wells in 2016
RACER Trust Moraine Facilities

Moraine, Ohio

Iles»gn & Cnnslllancy
aor ratural
luultawels

Off-Site and Side-Gradi Off-Site and Downgradient
GM-83D GM-84 GM-11 GM-15 GM-20D GM-9 DN-13
8/19/2 8/17/20 8/18/2016 8/18/20 8/19/201 8/17/2016 8/25/20
McL’ Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer Lower Aquifer
—

Site-Specific Volatile Organic Compounds

1,1,1-Trichloroethane ug/L <1.0U <10U <1.0U <1.0U <1.0U <10U . 0.97J
1,1-Dichloroethane ug/L <1.0U <1.0U <1.0U <1.0U 2.0 <1.0U <1.0U 1.3
1,1-Dichloroethene ug/L 7 <10U <10U <10U <10U <10U <10U <10U <10U
Benzene ug/L 5 <1.0U <1.0U <1.0U <10U <1.0U <10U <1.0U <10U
cis-1,2-Dichloroethene ug/L 70 <1.0U <1.0U <1.0U <1.0U 8.3 <10U <1.0U 5.6
Ethylbenzene ug/L 700 <1.0U <10U <1.0U <10U <1.0U <10U <1.0U <10U
Tetrachloroethene ug/L 5 <1.0U <1.0U 17 1.2 <1.0U 1.3 <1.0U 1.5
Toluene ug/L 1,000 <1.0U <1.0U <1.0U <10U <1.0U <10U <1.0U <10U
trans-1,2-Dichloroethene ug/L 100 <1.0U <1.0U <1.0U <1.0U 0.75J <10U <1.0U 0.37J
Trichloroethene ug/L 5 <1.0U 4.7 <1.0U 12 6.3 1.5 13 8.1
Vinyl chloride ug/L 2 341 <10U <1.0U <10U 0.69J <10U <1.0U <10U
Xylene (total) ug/L 10,000 <2.0U <2.0U <2.0U <2.0U <2.0U <2.0U <2.0U <2.0U

NOTES:

< - Constituent not detected above laboratory reporting limit shown.

'~ AMCL is not listed for 1,1-dichloroethane.

The QA/QC results for 2016 data are shown in Appendix D.

BOLD - Result above MCL.

ug/L - Micrograms per Liter.

MCL - Maximum Contaminant Level.

J - Value is estimated.

K - The compound was positively identified; however, the associated numerical value is an estimated concentration only and the reported value may be biased high.
U - Constituent not detected above laboratory reporting limit shown.

UB - Analyte considered non-detect at listed value due to associated blank contamination
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Table 4 a R DI %I—‘nlaﬂ:{r;calaﬁl tancy
Summary of Groundwater 1,4-Dioxane Analytical Results }A built assets

from Upper/Lower Aquifer Monitoring Wells for 2014 through 2016
RACER Trust Moraine Facilities
Moraine, Ohio

1,4-Dioxane (pg/L)

U.S. EPA Recommended Action Level™" 4.6
Upgradient of the Site - Upper Aquifer
GM-24 12/11/2015 <50U
On-Site - Upper Aquifer
GM-6 8/22/2016 6.6
GM-8 10/7/2014 18
6/26/2015 22
8/25/2015 25
8/22/2016 18
GM-19S 8/24/2015 <2.0U
GM-21 10/9/2014 1.3J
6/26/2015 0.51J
12/11/2015 <100 U
8/22/2016 0.61J
GM-23 10/10/2014 0.87J
GM-29 10/9/2014 <2.0U
8/22/2016 0.41J
GM-30 8/26/2015 1.1J
12/11/2015 <100 U
GM-31 10/9/2014 0.95J
12/8/2015 <50U
GM-33 8/24/2015 <2.0U
GM-35 6/25/2015 420
8/25/2015 590
8/23/2016 340
GM-37 8/24/2015 0.51J
8/24/2015 0.51J
GM-59 10/10/2014 <2.0U
GM-60 10/9/2014 1.3J
8/23/2016 0.42J
GM-66 8/26/2015 6.4
12/8/2015 <50U
GM-75S 10/9/2014 <2.0U
12/11/2015 <63U
HR-16 6/24/2015 2.8
8/25/2015 3.0
HR-17 6/25/2015 <2.0U
W-1-N 10/8/2014 0.96 J
8/26/2015 1.2J
W-3-S 6/25/2015 <2.0U
NOTES:

1 - The groundwater action level for 1,4-dioxane was recommended by the U.S. EPA via email on November 24, 2015.

< - Constituent not detected above laboratory reporting limit shown.

BOLD - Result above the Action Level.

F2 - Matrix Spike/Matrix Spike Duplicate (MS/MSD) Relative Percent Differences (RPD) exceeds the laboratory control limits.
J - Value is estimated.

ug/L - Micrograms per Liter.

U - Constituent not detected above laboratory reporting limit shown.
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Table 4 a R DI %I—‘nlaﬂ:{r;calaﬁl tancy
Summary of Groundwater 1,4-Dioxane Analytical Results }A built assets

from Upper/Lower Aquifer Monitoring Wells for 2014 through 2016
RACER Trust Moraine Facilities
Moraine, Ohio

1,4-Dioxane (pg/L)

U.S. EPA Recommended Action Level" 4.6
Downgradient of the Site - Upper Aquifer
GM-2 6/26/2015 <2.0U
GM-10 6/24/2015 <2.0U
GM-16 10/7/2014 9.1
6/30/2015 2.2
8/25/2015 10
8/18/2016 0.29J
GM-17 6/24/2015 <2.0U
GM-18 6/24/2015 0.56 J
12/11/2015 <50U
GM-48 6/29/2015 0.65J
GM-50 6/30/2015 <2.0U
GM-51 6/29/2015 <2.0U
GM-52 6/29/2015 0.76 J
8/25/2015 0.90J
8/25/2016 0.76 J
GM-55 6/25/2015 <2.0U
GM-63 6/30/2015 <2.0U
GM-65S 6/29/2015 <2.0U
GM-78 6/30/2015 <2.0U
GM-79 6/24/2015 1.9J
8/19/2016 1.1J
GM-80 6/25/2015 <2.0U
8/19/2016 <2.0U
GM-81 6/25/2015 <2.0U
Upgradient of the Site - Lower Aquifer
HR-12 8/24/2015 46
12/8/2015 40 J
8/16/2016 68
RMW-88 8/26/2015 29
8/26/2016 25
NOTES:

1 - The groundwater action level for 1,4-dioxane was recommended by the U.S. EPA via email on November 24, 2015.

< - Constituent not detected above laboratory reporting limit shown.

BOLD - Result above the Action Level.

F2 - Matrix Spike/Matrix Spike Duplicate (MS/MSD) Relative Percent Differences (RPD) exceeds the laboratory control limits.
J - Value is estimated.

ug/L - Micrograms per Liter.

U - Constituent not detected above laboratory reporting limit shown.
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Table 4 a R DI %I—‘nlaﬂ:{r;calaﬁl tancy
Summary of Groundwater 1,4-Dioxane Analytical Results }A built assets

from Upper/Lower Aquifer Monitoring Wells for 2014 through 2016
RACER Trust Moraine Facilities
Moraine, Ohio

1,4-Dioxane (pg/L)

U.S. EPA Recommended Action Level" 4.6
On-Site - Lower Aquifer
GM-7R 6/26/2015 9.3
8/25/2015 14
GM-61 6/26/2015 22
8/26/2015 26
GM-67D 8/24/2015 33
GM-74D 8/24/2015 0.78 J
8/24/2015 0.78 J
GM-75D 10/9/2014 50
8/25/2015 31
12/8/2015 <50U
8/24/2016 24
GM-76D 8/24/2015 7.8
GM-82 12/11/2015 <100 U
GM-83D 8/19/2016 8.2
HR-13 6/30/2015 20
8/26/2015 16
HR-14 8/26/2015 11
RMW-85 12/8/2015 <50U
RMW-86 6/25/2015 5.2
12/8/2015 <50U
8/17/2016 11
RMW-87 8/26/2015 29
8/19/2016 20
Downgradient of the Site - Lower Aquifer
GM-09 12/11/2015 <50U
8/17/2016 0.91J
GM-11 8/24/2015 <2.0U
8/18/2016 <2.0U
GM-13 6/24/2015 <2.0U
GM-15 6/30/2015 3.1
8/25/2015 2.8
8/18/2016 2.8
GM-65D 6/29/2015 <2.0UF2
NOTES:

1 - The groundwater action level for 1,4-dioxane was recommended by the U.S. EPA via email on November 24, 2015.

< - Constituent not detected above laboratory reporting limit shown.

BOLD - Result above the Action Level.

F2 - Matrix Spike/Matrix Spike Duplicate (MS/MSD) Relative Percent Differences (RPD) exceeds the laboratory control limits.
J - Value is estimated.

ug/L - Micrograms per Liter.

U - Constituent not detected above laboratory reporting limit shown.
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Table 5

DN-13 Monthly Effluent Monitoring for 2016
RACER Trust Moraine Facilities

Moraine, Ohio

A ARCADIS

Design & Consultancy

fiar rartural and
built assets

Volatile Organic Compound® January 2016 | 2/5/2016 | 3/7/2016 | 4/6/2016 | 5/4/2016 6/1/2016 7/12/2016 8/3/2016 9/6/2016 10/5/2016 11/3/2016 12/8/2016

1,1,1-Trichloroethane ug/L
1,1-Dichloroethane ug/L
Benzene ug/L
Chloroethane ug/L
cis-1,2-Dichloroethene ug/L
Ethylbenzene ug/L
Tetrachloroethene ug/L
Toluene ug/L
Trichloroethene ug/L
Vinyl chloride ug/L
Xylene (total) ug/L
Total VOCs ug/L
NOTES:

! - Analytical method for volatile organic compounds (VOC) analysis is U.S. EPA Method 624.

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NA

0.59J
0.86J
<1l0U
<1l0U
3.4
<1l0U
21
<1lo0U
7.8
<1l0U
<2.0U
15

2. No sample (NS) was collected in January 2016. Pump for DN-13 was not in operation.
< - Constituent not detected above laboratory reporting limit shown.

ug/L - Micrograms per Liter.
J - Estimated result less than reporting limit.

U - Constituent not detected above laboratory reporting limit shown.

0.70J
13
<1l0U
<1l0U
5.2
<1.0U
14
<1l.0U
8.6
0.84J
<2.0U
8.0
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0.87J
15
<1l0U
<1l0U
5.6
<1l0U
15
<1l0U
8.7
0.88J
<2.0U
19

0.93J