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1.  Introduction

This Interim Measures/Corrective Measures (IM/CM) report was prepared to address
the existing groundwater conditions at the Delphi Harrison Thermal Systems Moraine
Piant (Delphi Thermal Moraine), the General Motors Truck Group Moraine Assembly
Plant (Moraine Assembly). and the General Motors Powertrain Group, Moraine Engine
Plant (Moraine Engine), located in Moraine, Ohio (Figure 1-1). The IM/CM Report
contains a summary of the multi-phased Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) that was completed for these facilities, the
conclusions from the Baseline Risk Assessment, the corrective action completion
strategy, screening of corrective measures for groundwater, a summary of the interim
measures results, and the recommended final site-wide remedy. This IM/CM Report
serves as the site-wide corrective measures report for the three facilities.

The Supplemental RFT identified that the primary source area of volatile organic
compounds {(VOCs) in shallow groundwater at the three facilities is located at the Area
of Interest (AOI) 7 - Former Oi] House Area, north of Moraine Engine (Figure 1-1).
The Baseline Risk Assessment concluded that under current site conditions there was
no unacceptable nisk associated with constituents detected in soil/waste at the AOIs and
Sol:d Waste Management Units (SWMUs) investigated in the RFL. However,
constituents detected in groundwater at AOI 7 may migrate 1o the extent that
reasonably expected future uses of groundwater might be affected. Therefore, the
focus of this report 1s a site-wide remedy that addresses the source of the groundwater
contamination and the downgradient plume. The final remedy incorporates:

= The capture zone interim measures (hydraulic control with a pump and treat system
for the upper aquifer and hydraulic control for the lower aquifer);

»  The Former Qil House Area interim measures (in-situ remediation technologies at
and downgradient of the source area):

— T > X0 O

= Institutional actions (the three facilities will remain industrial); and
» A stte-wide groundwater monitoring program.
1.1 Interim Measures/Corrective Measures Objectives

Site-specific interim measures/corrective measures objectives were established to guide
the development and evaluation of completion strategies and corrective measures
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alternatives. These objectives are based on the RFI results, including the Baseline Risk
Assessment conclusions; requirements of the Administrative Order (as amended); and
United States Environmental Protection Agency (U.S. EPA) guidance (U.S. EPA,
1994). The interim measures/corrective measures objectives address the VOCs 1n
groundwater, exposure routes and receptors identified in the Baseline Risk Assessment,
and a media-specific cleanup standard.

follows:

7N v
['1. } To reduce VOC mass in the upper aquifer groundwater above the upper clay till 1
the primary source area (AO1 7);

2. To linit future migration from the source area to downgradient portions of the
upper aquifer and into the lower aquifer:

3. Toactively address VOC's that have already migrated downgradient from the
source area in order to expedite remediation of the downgradient plume:;

4. To prevent the migration of VOUSs at concentrations exceeding the Safe Drinking I \

Water Act (SDWA) Maximum Contaminant Levels (MCLs) beyond the existing T
plume boundary; and

N i : .

T 3 : : vy 1 . v H 5

5. To continue implementing the final corrective measures until the groundwater?\ s éM . \

. " . . B &
eleanup-ebreettves are met on-site and MCLs can be met and maintained at the 2\ *’ﬁz L !
point(s) of compliance (POC) without active remedial measures. i %\ i

The mterim measuresicorrective measures objectives for the lower aquifer are as
foliows:

1. To maintan the lower aquifer as usable groundwater for on-site industrial purposes
and for potential off-site. downgradient dninking water uses, and

b

To meet and maintain MCLs at the downgradient POC without active remedial
MEasures.

These objectives are further discussed in Section 2.0.
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1.2  Site Background

The Moraine Engine and Moraine Assembly facilities occupy approximately 300 acres,
while the adjacent Delphi Thermal Moraine facility occupies approximately 165 acres.
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 1-1 presents the location of each facility, property
boundanes, and site features.

The General Motors Corporation (GM}) site has been used for industrial purposes since
the property was acquired m the mid-1920°s. Frigidaire (a division of GM) produced
appliances from the late 1920°s until 1979. GM announced the shut down of all
Frigidaire operations in January 1979, Durning 1980 and 1981, the majority of the
former Frigidaire Plant 2 was converted to the Moraine Engine facility, and the former
Frigidaire Plant 3 and the northeast comner of former Frigidaire Plant 2 were converted
to the Moraine Assembly facility. Since 1981, Moraine Engine operations have
included the machining, pamting (this operation was discontinued in September 1995),
and assembly of diesel truck engmes. Operation of the Moraine Engine plant ceased in
the fall of 2000. The plant butlding 1s currently undergoing decommissioning for
demohition which 1s scheduled to be completed by the spring of 2001. The future use
of the Moraime Engine property will remain mdustrial, it will be converted to a
haulaway lot for GM operations and a portion wili be leased to Norfolk Southern for
expanded ratiroad operations. Since 1981, Moraine Assembly operations inttially
included the manufacture, assembly, and pamting of small trucks, but currently
Chevrolet Blazers, GM Jimmues. and Oldsmobile Bravadas are produced at this
facility. Delphi Thermal Moraine’s major operations, which began in 1941, are the
machiing and assembly of automotive arr conditioning compressors, accumulator
dehydrators, and miscellaneous air condiioning valves. Located immediately north of
Delphi Thermal Moraine. 1s the newly constructed DMAX Engine Plant, which began
operations m July 2000 and assembles the Duramax engine.

— T > O O

13  Site Regulatory History

Deiphi Thermal Moraine contains the North and South Settling Lagoons that are
shown on Figure 1-1. The North and South Settling Lagoons were operated during the
time periods listed below.

* The North Setthng Lagoon began operating in 1972 and was taken out of service
m 1989
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- Per RCRA Part A permit {(June 13, 1988), contains listed waste codes:
FOO6, FOO7, FO09, FO12, FO19.

- 1972 - 1979: received industrial wastewater containing metal plating wastes
{zinc, nickel, and chrome), cutting fluids, pickling wastes, oils, porcelain
studges, electro-deposition paint rinse waters, and other industrial
wastewaters; and non-contact coohing water and storm water runoff,

- 1980~ 1984: received non-contact cooling water and storm water runoff.
- 1984: process wastewaters diverted to an on-site pre-treatment facility.

= The South Settling Lagoon began operating in 1965 and was taken out of service
in 198%:

- Per RCRA Part A permit (June 13, 1988), contains listed waste codes:
FOO6, FOO7, FOO9, FO12, FO19.

- 1965 - 1979: received industnial wastewater containing zine plating wastes,
anodizing wastes, pickling wastes. otls, porcelain sludges, and other
industrial wastewaters: and non-contact cooling water and storm water
runoff.

- 1980 - 19835: received difute acid and alkali rinses from small cleaning and
non-cyanodic electroplating processes; water softening sludges; non-contact-

cooling water: storm water runoff. and fly ash dewatering filtrate.
- 1985 process wastewaters diverted to an on-site pre-treatment facility.

GM filed a RCRA Part A Application with the Ohio Environmental Protection Agency
(Ohio EPA) for intenim: status i November 1980. GM began detection monitoring at
the North and South Settling Lagoons in February 1981, In 1984, assessment
monitonng began for the North Settling Lagoon due to a statistical exceedance in
specific conductivity. By October 1988, GM expanded the groundwater monitoring
assessment plan network for the North Settiing Lagoon and expanded the groundwater
detection network in the South Settiing Lagoon m accordance with an agreed consent
order with the State of Ohio. Since 1988, the North Settling Lagoon and South Settling
Lagoon have remained m assessment and detection monitoring programs, respectively.
The assessment and detection monitoring programs will continue unti] the lagoon

— T > 0 O
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closure activities discussed below are completed. After closure, groundwater
monitoring for the lagoons 1s planned to be conducted as part of the site-wide
groundwater monitoring program under RCRA Corrective Action {under current
negotiationg with Chio EPA).

Delphi Thermal Morame submitted closure plans for the North and South Settling
Lagoons to U.S. EPA and Ohio EPA in Novemnber 1985 and revised closure plans in
November 1989. GM and Ohio EPA agreed to defer the closure of the lagoons
pending resolution of other GM closure plans and the implementation of the corrective
action order at the site. The North and South Settling Lagoons were evaluated as
SWMUs in the RFI at Delphi Thermal Moraine. During the summer of 1999, GM met
with the Ohio EPA to resume negotiations concemning the development of the closure
plan for the lagoons. An agreed-upon approach was submitted to Ohio EPA in the
Lagoon Closure Plan m June 2000 (Conestoga-Rovers & Associates, 2000) and
approved by Ohio EPA on August 24, 2000. The plan calls for in-situ solidification of
the lagoon studge, backfilling to grade, and installing a soil cover system on the South
Lagoon and an asphalt cover on the North Lagoon. GM began implementation of the
closure plan on September 11, 2000. Solhdification and the majority of backfilling
were completed by late November 2000, Final backfilling and cover installation will
be completed by early summer 2001.

Delphi Thermal Moraine received an Administrative Order (Docket No. V-W-91R-2)
from the U.S. EPA Region V. which became effective on January 30, 1991. The
Admimstranve Order, issued under Section 3008¢(h) of RCRA, as amended, 42 U.S.C.
6928(h). required Delphi Thermal Moraine to implement a RCRA Corrective Action
program at the Moraine facility which mcluded conducting an RFI and a CMS, if
necessary.

GM is currently meeting the requirements of the onginal Administrative Order through
the two-phased RFI investigation at the Delphi Thermal Morame facility completed
1992 through 1994 and by implementing capture zone intertm measures in 1995 and
1996. The inttial Interim Measure was implemented per the Fina! Interim Measures
Design Plans (Geraghty & Miller, Inc. 1993), which was approved by the U.S. EPA in
a July 31, 1995 letter. The mitial, on-gomyg interim measures consist of controlling
migration of VOCs in the upper and lower aquifers at the southem property boundary
through groundwater extraction at wells TW-2 and DN-13, respectively (Figure 1-1).
The groundwater recovered by the upper aguifer recovery well TW-2 is treated using
an air stripper tower and discharged through GM’s National Pollutant Discharge
Ehmination System (NPDES) permitted outfail to the Great Miami River. During the
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first four years of operation (1996 through 1999), the system recovered and treated a
total of 231,658,610 gallons at an average flowrate of 150 gallons per minute
(ARCADIS Geraghty & Miller, 2000a). DN-13 is a deep aquifer well that
Moentgomery County has been utilizing in their Pump-to-Waste Program since March
1990, as a protective measure for their well field located downgradient of the GM site,
because this well field could be used as a drinking water source for emergency
purposes. The interim measure consists of continued pumping of DN-13 at a rate of
approximately 2.6 mitlion gallons per day (mgd).

‘The results of the first phase of the RFI, completed in late 1992 and early 1993, at
Delphi Thermal Moraine, was submitted to the U.S. EPA in July 1993 (Geraghty &
Miller, Inc. 1993b). A second phase of the RFI was completed in 1994. The findings
of both phases of the RF1 for Delphi Thermal Moraine, including a Baseline Risk
Assessment, were reported to the U.S, EPA mn a 1996 draft RCRA Facility
Investigation Final Report (final issue date was April 2000 [ARCADIS Geraghty &
Miller 2000b and ENVIRON C orporation 2000a]). The draft RFI report determined
that there were no unacceptable risks associated with soil/waste present in SWMUs
investigated, and therefore, it was concluded that a2 Corrective Measures Study (CMS)
was not necessary tor the SWMUs mvestigated in the RFI at Delphi Thermal Moraine.
The U.S. EPA submitted comments to GM on the 1996 draft RFI report dated June 11
1996 and GM responded to these comments on September 11, 1996. The U.S. EPA
provided a reply to the comment responses in correspondence to GM dated October 1.
1996. To address the U.S. EPA’s concerns identified in this correspondence, GM
agreed to add the Moraine Engine and MoramL Assembly facilities into the Corrective
Action program.

2

‘The U.S. EPA issued an Amendment to the Administrative Order (Docket No. VW-R-
002-91), effective on April 24, 1997, which incorparated the two additional facilities
mto the program. GM conducted & Supplemental RFI at the two adjacent facilities. A
mulu-phased mvestigation was completed during the Supplemental RF1. In 1997 and
1998, investigation activities were completed for six AOIs identified during the
Supplemental Description of Current Conditions (DOCC) as having potentially
managed hazardous constituents (Geraghty & Miller. Inc. 1997a). The result of the
mvestigations determined that for all of the AOls, excluding AOI 7. no evidence of a
stgnificant release of hazardous constituents was found. In 1998, additional
investigations were conducted at AOI 7 - Former Oil House Area, because this AOI
had released hazardous constituents to soil and groundwater. The findings of the
Suppiemental RFI for Moraine Engine and Moraine Assembly, including a
Supplemental Baseline Risk Assessment, were reported in the draft Supplemental RFI
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Report submitted to the U.S. EPA in 1999 (final issue date was April 2000 [ARCADIS
Geraghty & Miller 2000¢ and ENVIRON Corporation 2000b]). The Supplemental
RFI Report determined that constituent concentrations in soils at the AQIs do not pose
an unacceptable risk. However, the Supplemental RFI determined that existing
constituents m groundwater at AOI 7 had the potential to affect future uses of
groundwater. Therefore, GM recommended interim measures to address VOCs in
groundwater associated with AOI 7.

A Primary Groundwater Source Area {AOl 7) Interim Measures Work Plan was
submitted to the U.S. EPA in June 1999 and was approved by the U.S. EPA in July
1999 (ARCADIS Geraghty & Miller, Inc. 1999). This Work Plan recommended a
combination of in-situ technologies to address chlorinated VOCs 1n shallow
groundwater. The recommended in-sttu technologies were implemented and
monitored from September 1999 to May 2000. In addition, to provide a basis for
evaluating the performance of these interim measures, the Work Plan proposed that a
comprehensive site-wide groundwater sampling event be conducted to establish a
baseline data set. This baseline sampling was completed during August to October
1999,

The U.S. EPA submutted comments to GM, dated February 1, 2000, on the Draft RF]
and Draft Supplemental RFI reports. As stated m U.S. EPA’s February 1, 2000
correspondence. a CMS report was necessary for the site; however, the IMS report
described in the AOL 7 Interim Measures Work Plan could serve as the CMS if it
adequately addressed the subject matter. GM submutted responses to the U.S. EPA’s
comments on February 24, 2000, In Apnii 2000, GM submitted the final RFI report for
Delpht Thermal Morame (ARCADIS Geraghty & Miller, Inc. 2000b and ENVIRON
Corporation 2000a} and the fina!l Supplemental RF1 report for Morame Engine and
Morame Assembly (ARCADIS Geraghty & Miller, Inc. 2000c and ENVIRON
Corporation 2000b} to the US. EPA. GM received approval with comments on these
reports from the 11.S, EPA, dated June 16, 2000 and June 28, 2000. GM submitted
responses to the ULS. EPA’s comments on July 28. 2000
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In March 2000, GM submitted to the U.S, EPA a draft Site-Wide Groundwater
Monitoring Plan to monitor the effectiveness of the interim measures and monitor
groundwater quality upgradient and downgradient of the land-based units, inciuding
the North and South Settling Lagoons (ARCADIS Geraghty & Miller, Inc. 2000d).
GM received approval with comments on this plan from the U.S. EPA, dated June 16,
2000 and June 28, 2000. GM submitted responses to the U.S. EPA’s comments on
July 28, 2000. The U.S. EPA submutted an additional set of comments to GM on
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September 15, 2000 and GM submitted responses to the U.S. EPA’s comments on
November 17, 2000. As proposed in the draft Site-Wide Groundwater Monitoring
Plan, GM completed the first annual sampling event in September 2000.

1.4 Site Characterization

This site characterization section contains a sumrnary of information presented in the
Delphi Thermal Moraine DOCC (Geraghty & Miller, Inc. 1991}, the Moraine Engine
and Moraine Assembly Supplemental DOCC (Geraghty & Miller, Inc. 1997a), the
Delphi Thermal Moraine RFI (ARCADIS Geraghty & Miller, Inc., 2000b) and the
Moraire Engine and Moraine Assembly Supplemental RFI(ARCADIS Geraghty &
Miller, Inc.. 2000c¢).

1.4.1 Surface Water and Drainage Fealures

Moraine and the surrounding region are within the Great Miami River drainage basin.
The river generally flows north to south in the vicimity of the site and is closest to the
site at the southwestern end of the Delphi Thermal Moraine facility. The river is
approximately 3,600 feet (ft) west of the northern end of the Delphi Thermal Moraine
facility and bends to as close as 700 ft near the South Settling Lagoon; approximately
2,800 ft west of the southwest comer of the Moraine Engine facility; and
approximately 4,500 £t west of the northern end of the Moraine Assembly facility

(Figure 1-1}. No major tributaries to the Great Miami River pass through the facilities.

however, Holes Creek which discharges to the Great Miami River is located
approximately 2,500 ft south of the site. The Flood Insurance Rate Map for Moraine
(presented as Figure 2-2 in the Supplemental DOCC) shows that the area affected by
the 100-year tlood does not include the GM facibties.

Storm water from the East Haulaway and the former West Haulaway areas (the former
West Haulaway is now the location of the DMAX Engine Plant) is discharged into an
unnamed dramage ditch located east and south of the West Haulaway, which was
assessed during the RFI (ARCADIS Geraghty & Miller, Inc. 2000b). This ditch
originates in west Kettering, flows east 1o west across the Moraine Assembly facility,
then north to south along the east side of the DMAX Engine Plant, then east to west
along the south side of the DMAX Engine Plant. The ditch eventually discharges into
the Great Miami River through GM's NPDES permitted outfall.
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1.4.2 Local Demography and Land Use

The Delphi Thermal Moraine facility, Moraine Engine facility, and the western portion
of the Morame Assembly facility are located in an area zoned for general industry,
while the eastern portion of the Moraine Assembly facility is located in an area zoned
for light industry. Areas adjacent to the site are zoned for general industry, light
mdustry, general business, neighborhood business, and one- and two-family residential
uses. Area zoning and land use information is presented in greater detail in the
Supplemental DOCC (Geraghty & Miller, Inc, 1997a).

1.4.3 Hydrogeology

The Delphi Thermal Moraine, Morame Engine, and Moraine Assembly facilities lie
aver the Great Miami River buried valley aguifer, which consists of valley fill deposits
composed of sand and gravel outwash separated by locally discontinuous silt and clay
units, referred to as till zones. Beneath the site, these glacial deposits have been
divided into the following hydrogeologic umis: the upper sand and gravel unit, the
regional till zone, and the lower sand and gravel unit. The upper sand and gravel unit
is generally 30 ft. and in some areas. up to 70 ft thick and contains minor till lenses.
The unit 1s considered a water-table aquifer. In addition, the upper aquifer beneath the
AOI 7 area 1s divided mto an upper and lower portion by the presence of an upper clay
tll. The upper clay till is continuous beneath the AOI 7 area at a depth ranging from
approximately 25 ft 1o over 40 ft below land surface (ft bls). The water table is located
approximately 4 to 12 ft above the top of the upper clay till.

The regional ull zone has a varied thickness and continuity, but appears to be
discernible throughout the region: it ranges from being absent to being present in
excess of 30 {t thick beneath the site. The regional t:i] zone overlies at least 50 fi, and
m some areas, over 100 ft of sand and gravel that comprise the lower unit. This lower
unit1s a fully saturated, semi-confined aquifer throughout most of the Dayton area;
however, there are locations where the regional till is thin or discontinuous. In areas
where the regional till is absent, the upper and lower aquifers respond as one
hydrogeologic unit. Consequently, aquifer parameters across the site vary with the
thickness and distribution of the tili laver. Additional information on site
hydrogeologic units 1s presented in the RFI Report (ARCADIS Geraghty & Miller, Inc.
2000b) and the Supplemental DOCC {Geraghty & Miller, Inc. 1997z).
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Depth-to-water measurements and water-level elevations measured on September 13,
1999, for the upper aquifer are summanzed in Table 1-1. The water-table surface on
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September 13, 1999 (Figure 1-2) shows flow in the upper aquifer is generally from
northeast to southwest over the majonity of the site. A groundwater capture zone,
centered around Capture Well TW-2 located m the southwest comer of Landfill L1, is
evident at the southern end of the Delphi Thermal Moraine facility. TW-2, screened in
the upper aquifer, began operation on January 31, 1996, The September 13, 1999
water-level measurements show the water level in Well TW-2 1s lower than the water
levels to the west in monitoring weil GM-16, to the southwest in monitoring well
GM-17, and to the south in monitoring well WSU-24, indicating a localized reversal of
groundwater flow southy/southwest of Capture Well TW-2,

Hydraulic characteristics of the water-table aquifer were determined by evaluation of
data from pumping tests conducted in 1985 and in 1989. The median hydraulic
conductivity (K) value estimated from pumping test data was 1,630 ft per day (ft/day),
and effective porosity was assumed to be 0.3 to 0.5. Using average hydraulic gradients
for September 1999, groundwater flow velocities in the upper aquifer ranged from 2.62
ft/day to 4.37 fv/day.

Water-fevel elevations, presented on Table -1, were measured m the deep monitoring
wells and production wells on September 13, 1999, The potentiometric surface on
September 13, 1999 (Figure 1-3) shows groundwater flow m the lower aquifer to be
generally from northeast to southwest, with a groundwater capture zone centered
around County Well DN-13. County Well DN-13 1s located southwest of the Delphi
Thermal Moraine facihty in the Dryden Road North Wellfield. The Pump-to-Waste
Program at the Dryden Road North Wellfield. began in 1990 and was in operation
during the September 1999 baseline groundwater monitoring event. Groundwater flow
velocity in the lower aquifer ranged between 0.83 fvday and 1.39 ft/day.

The lower aquifer 1s currently used as a nonpotable industrial water supply at the
Moraine Engime and Moraine Assembly facilities. and as a public water supply in West
Carrollton (2 miles south of the facilities). and has the potential for use as an
emergency drinking water supply downgradient of the facilities.
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1.5 Summary of RFi Activities

The RFT included completion of a background soil investigation and development of a
groundwater flow modei to support the baseline risk assessment. These RF] activities

are discussed m this section. A summary of the SWMUs/AOIs that were investigated

during the RFI at all three facilinies are presented below, along with an overview of the
samphing programs completed during the mult-phased investigations.
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1.5.1 RFiBackground Soil Investigation

In order to evaluate potential releases of inorganic hazardous constituents from
SWMUs/AOls, a background soil investigation was conducted in 1992. To obtain
background soil concentrations, 12 boreholes were drilled to a total depth of 16 ft in an
area not known to be associated with current or former manufacturing operations or
affected by waste management activities at the Delphi Thermal Moraine facility. Both
shallow and deep samples were collected from these borings. Additional information
on the background soil investigation is presented in the Soil Background Analytical
Results Report (Geraghty & Miller, Inc., 1993a) and the Delphi Thermal Moraine RFI
report (ARCADIS Geraghty & Miller, Inc., 2000b).

1.5.2 Groundwater Flow Model

A three-dimensional steady-state groundwater flow model was developed to support
the characterization and assessment of hydrogeologic conditions, the RFI
mvestigations, the Baseline Risk Assessment, and the capture zone interim measures.
The mode! construction and calibration was documented in the 1994 Revised Three-
Dimensional Steady-State Flow Model Construction and Calibration report (Geraghty
& Muller, Inc.. 1994a).

153 Summary of Investigations at Delphi Thermal Moraine

During the Delphi Thermal Moraine RFI, three landfills (Landfill L1, 1.2, and L3), five
underground storage tanks (USTs T4, T5/T6, T11. T12), the Waste Pile/Staging Area,
the Liquid Waste Bumner, and the Fill Area were investigated. The two surface
impoundments {North and South Settling Lagoons) were further evaluated during the
RFT using data previously collected for the RCRA closure program. Additional areas
of investigation were also addressed during the RFI. These areas included the
Background Area, Surface Water/Sediment Locations, and the groundwater quality
south of Landfill L1. Locations of the SWMUs and additional areas of investigation
are shown on Figure 1-4. Descriptions of the SWMU's and additional areas
mvestigated during the RFIare excerpted from the RFI report and presented in
Appendix A. Two rounds of groundwater sampling were also conducted during the
Delpht Thermal Moraine RFI. Table 1-2 presenis a summary of the RFI groundwater,
so1l, surface water/sediment and waste sampling programs completed between 1992
and 1994,
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1.5.4 Summary of Investigations at Moraine Engine/Moraine Assembly

During the Moraine Engine and Moraine Assembly Supplemental RFI, investigations
were completed at the following six AOIs: AOI 7 - Former Oil House Area, AQI 13 -
Buildings 4, 6, and 13, AOI 17 - Building 15, AOI 34 - Excavation Area 1, AOI 35 -
Excavation Area 2, and AOI 36 - Former Southwest Above Ground Storage Tanks
{ASTs). Locations of the AOIs are shown on Figure 1-5. Descriptions of the AOIs
investigated during the Supplemental RF] are excerpted from the Suppiemental RFI
report and presented in Appendix A. One round of groundwater sampling was also
conducted during the Moraine Engine and Moraine Assembly Supplemental RFI (wells
located at Moraine Engine, Moraine Assembly, and Delphi Thermal Moraine).
Additional groundwater sampling was conducted along with the AOI 7 soil
mvestigation. Table 1-3 presents a summary of the Supplemental RFI groundwater
and soil sampling programs completed between 1997 and 1998.

1.6 Summary of RFI Findings and Conciusions

SWMUs (including landfills and lagoons) and soi] at the AOIs do not pose an
unacceptable risk under current and reasonably expected land use and groundwater use
conditions, However, the assessment of risk posed by existing ercundwater conditions
n the primary source area AOI 7 indicates that further action is warranted for this area,
as further discussed i Section 3.0, The sections presented below contain a summary
of the conclusions from the RF1. A more detailed discussion is presented in the final
RFT Report (Volume [ [ARCADIS Geraghty & Miller. Inc. 2000b and ¢] and Volume
I {ENVIRON Corporation, 2000a and b].

Based on the results of the RFL, GM concludes that constituents in soil/waste at the E
16,1 RF] Findings
Implementation of the RFI accomplished the media-specific objectives listed below. T

Soil

1. Determine if a release of hazardous constituents has occurred from the
SWMUs/AOIs.

2. Detine the nature and extent of any hazardous constituents released from the
SWMUs/AOISs required to support the Baseline Risk Assessment.
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Waste
1. Define the areal extent of waste in the landfills,

2. Characterize shallow soil/waste constituents n landfills at the site for the
Baseline Risk Assessment by sampling and analysts.

3. Characterize deep waste/soil contamination from hazardous constituents at
landfills for the Baseline Risk Assessment by sampling groundwater

immediately downgradient from the units.

Sediment/Surface Water

Provide a characterization of on-site sediment/surface water to be used in the
Baseline Risk Assessment.

Groundwater

i Collect site-wide data to characterize groundwater with respect to flow
direction. occurrence, and concentrations of Appendix X constituents and cis-
1.2-dichloroethene {cis-1,2-DCE).

t

Collect data further downgradient of the site to characterize groundwater with
respect to flow direction, occurrence. and concentrations of Appendix IX VOC
constituents and cis-1.2.DCE.

3. Collect data that will support the site-wide Baseline Risk Assessment.
4. Evaluate site-wide natural attenuation of VOCs.
"The sludge present m the North and South Settling Lagoons was also evaluated during

the RFIL. Characterization data collected m support of the preparation of RCRA closure
plans for these two SWMUs was utilized n the Baseline Risk Assessment.

— M > A0 O

The primary objective of the Baselime Risk Assessment was to address the following
questons.

1. Do constituents i soil/waste at any of the SWMUs at Delphi Thermal
Moramne pose an unacceptable nisk, which warrants corrective measures?
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2. Do constituents in soil at any of the AOIs at Moraine Engine or Moraine
Assembly pose an unacceptable risk, which warrants corrective measures?

3. Do constituents i groundwater at any of the SWMUs or AOIs at the three GM
facilities pose an unacceptable risk, which warrants corrective measures?

Presented below is a discussion of how each of these objectives was achieved during
the RFT and a conclusion regarding the need for additional investigative activities.

1.6.1.1 Soit

To accomplish the RF1 objectives at the nine SWMUs where soil was considered a
medium of potential concern (West Tank Farm, T12, T5/T6, T4, T11. Waste
Pile/Staging Area, South Tank Farm, Liquid Waste Burner, and Fil} Area), a review of
historical data was completed and RFI soil sampling was conducted at Deiphi Thermal
Moraine. Additiorally, an analysis of background soil conditions was completed to
provide a basis for evaluating constituent concentrations at SWMUs relative 1o
naturally occurting concentrations of these constituents.

The results obtamed from the two rounds of R¥T sotl sampling at Delphi Thermal
Moraine provided the information necessary 1o complete an evaluation of the presence
of any suspected release, as well as sufficient detail on the nature and extent of any
release to support an evaluation 1n the Baseline Risk Assessment of risks posed by the
SWMUs. Soil analytical results and sampling locations are presented in Appendix A.

To accomplish the RFI objectives at the Moraine Engine and Moraine Assemnbly
facihties, six AOIs where sotl was considered a medium of potential concern (AQIs 7,
13,17, 34,35, 36) were investigated. a review of historical data was completed and
RFT soil sampling was conducted. The soil sampling results provided information
necessary to complete an evaluation of the presence of any suspected release, as well as
sufficient detail on the nature and extent of any release to support an evatuation of risks
poscd by the AOT in the Baseline Risk Assessment. Soil analytical results and
sampling locations are presented in Appendix Al
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Based on the RFI soil sampling results. adequate data had been collected to
charactenze the SWMUSs/AOIs and no additional activity was necessary to support the
Bascline Risk Assessment. The Baseline Risk Assessment determined that
constituents m so1l at the SWMUs and AOls do not present an unacceptable risk under
reasonable maximum exposure via direct contact, airborne transport, or groundwater



interim Measures/Corrective

ARCAIHS GerAGHTYRMILLER Measures Report

General Motors Corporation
Moraine, Ohio

transport for the current and reasonably expected land use and groundwater use
scenarios evaluated. Therefore, further remedial action was not warranted for soils at
the SWMUs/AOIs. GM has proposed conducting an additional soit and groundwater
investigation at the Waste Pile/Staging Area, as part of the Site-wide Groundwater
Monitoring Program. Data to be collected from the Waste Pile/Staging Area
mvestigation will be evaluated per the procedures presented in the Baseline Risk
Assessment (ENVIRON Corporation 2000a and b).

1.6.1.2 Waste

Waste was considered a potential concern at the three inactive landfills at the Delphu
Thermal Moraine facility and the sludge present in the North and South Settling
Lagoons. To accomplish the RF{ obsectives at Landfilis L1, L2, and L3, a review of
historical data was completed, a geophysical survey was completed, where possible,
one round of RFI waste sampling was conducted, and two rounds of groundwater
sampling were conducted.

review of aerial photography and topographical and physical land features, and the
geophysical assessment completed at L.2 and L3. The verified boundaries of the
landfills were then used to develop a random grid to ensure the shallow sampling
provided a representative characterization of waste constituents of potential concern in
surface matenials at these SWMUs. The deep wastes were also characterized through
an evaluation of groundwater quality in momtor wells located immediately
downgradient of the landfills. Waste analytical results and sampling locations,
including the North and South Setthing Lagoons are presented in Appendix A,

The areal extent of the landfills was adequately delineated during the RFI, through a !
No supplemental characterization of the North and South Setthng Lagoons was

conducted during the RFI. Rather. sludge characterization data collected in support of

the preparation of RCRA closure plans for these two SWMUs was sufficient for use in

the RFI Baseline Risk Assessment. T
The resuits of the Baseline Risk Assessment indicate that constituents present in the

waste at these SWMUs do not present an unaceeptable risk under reasonable maximum

exposures via direct contact, airborne transport, or groundwater transport for the

current and reasonably expected land use and groundwater use scenarios evaluated.

Therefore, no further remedial action was warranted for waste at the SWMUs.
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1.6.1.3  Surface Water/Sediment

Surface water and sediment were considered media of potential concern at Delphi
‘Thermal Moraine due to the presence of the drainage ditch on the north end of the
facility. To accomplish the RFI objectives, surface water and sediment samples were
collected within the dramage ditch at locations upstream and downstream of the
facility.

The results obtained from the RFI sampling provided the information necessary (o
characterize this media, and no supplemental mvestigative activity was necessary to
support the Baseline Risk Assessment. Surface water and sediment analytical results
and sampling locations are presented in Appendix A.

A review of the RFI sampling for these surface water/sediment, indicated that
constituents detected in the downstream surface water and sediment samples were at
concentrations similar to upstream concentrations. Additionally, an evaluation of
topographical and land-use features between the drainage ditch and the SWMUs at the
north end of the facility, and a comparison with constituents detected in these SWMUs.
indicated that the concentration of constituents detected in the downstream surface
water and sediment samples were likely attributable to either natural background or
off-site sources. Based on this evaluation. no remedial activities were warranted for
surface water/sediment.

1.6.1.4 Groundwater

To accomplish the RFI objectives for groundwater. two rounds of groundwater
sampiing were conducted from a well network which consisted of 36 monitor wells
during Phase [ and 42 monitor wells during Phase II at the Delphi Thermal Moraine
facility. Additionally, an analysis of background groundwater conditions was
completed to provide a basis for evaluating the presence of both naturally and non-
naturally occurrng constituents coming onto the Delphi Thermal Moraine facility from
upgradient sources.
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The investigative strategies for characterizing site-wide groundwater quality included
evaluating groundwater results upgradient and downgradient of each SWMU,
evaluating groundwater resuits upgradient and downgradient of the site, and using the
site-specific groundwater flow model to support the Baseline Risk Assessment by
estimating concentrations of constituents which may migrate from the Delphi Thermal
Moraine facility. This level of groundwater data and evaluation provided a detailed
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understanding of the presence of constituents of potential concern beneath and
downgradient of Delphi Thermal Moraine. Groundwater analytical results and
sampling locations are presented in Appendix A. VOC concentrations at each well
sampled in the upper and lower aquifers in 1993/1994 during the RFI are posted on
Figures 1-6 and 1-7, respectively.

To accomplish the RFI objectives for groundwater at the Moraine Engine and Moraine
Assembly facilities, site-wide sampling for VOCs, AOI-specific sampling, and
bioattenuation mdicator parameter sampling were conducted. In addition., water level
measurements were collected and three shailow momitor wells were installed. The RFI
concluded that the groundwater objectives had been met and no additional groundwater
nvestigative activities were required to support development of the Baseline Risk
Assessment. Groundwater analytical results and sampling locations are presented in
Appendix A. VOC concentrations at each well sampled in the upper and lower
aquifers in 1998 during the Supplemental RFI are posted on Figures 1-8 and 1-9.
respectively.

As concluded m the Baseline Risk Assessment. the combmed effect of constituents in
soll/waste at the SWMUs and AOIs did not pose an unacceptable risk via groundwater
transport under the current and reasonably expected future use scenarios evaluated.
Specifically, as indicated in Sections 1.6.1.1 and 1.6.1.2. under current and reasonably
hikely future groundwater use conditions. potential leaching of constituents from
soil/waste is not predicted to cause concentrations at points of groundwater use to
exceed MCLs (or sirmlar nisk-based drinking water concentrations for constituents
without MCLs), with or without capture zone interim measures. Only in the very
unjikely event that the Miami Shores and Dryden Road South well fields are both
needed to supply water in an emergency, potential leaching of constituents from
soil/waste at the SWMUs (primartly Landfill Li and the Waste Pile/Staging Area) is
predicted to cause concentrations at Dryden Road South to exceed MCLs for a few
constituents (tetrachloroethene [PCE], trichioroethene [TCE], lead and/or nickel)
without capture zone interim measures.
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However, these results are expected to overstate potential reasanable maximum
exposures because of the low hkelihood that the Dryden Road South well field would
be used. Also the predicted effects attribuied to Landfill L1 actually may be from
upgradient groundwater at AO! 7, and the predicted effects attributed to the Waste
Pile/Staging Area are not supported by on-site groundwater monitormnyg data. In the
corresponding scenarios, which account for the current interim measures, potential
leaching of constituents from soiliwaste at the SWMUs and AOIs is not predicted to
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cause concentrations at points of potential but unlikely groundwater use to exceed
MCLs (or similar risk-based drinking water concentrations for constituents without
MCLs}.

The Basehne Risk Assessment did identify the potential for constituents in
groundwater at AOIL 7 to affect groundwater quality at some points of current and
reasonably expected future groundwater use under the scenarios evaluated.
Specifically, the migration of PCE and TCE in groundwater from AOI 7 is predicted to
cause concentrations in groundwater at the Moraine Engine and Moraine Assembly
industrial production wells to exceed MCLs under several groundwater use scenarios
{including those with the capture zone interim measures). However, groundwater from
these production wells is currently used only as nonpotable process water and the
upper bound estimates for the resultant exposure concentrations associated with this
current groundwater use are approxmnately 10,000 fold below Occupational Safety and
Health Administration (OSHA) Permissible Exposure Limits (PELs) for workers. The
migration of PCE and TCE in groundwater from AOI 7 is predicted to cause
concentrations in groundwater to exceed MCLs at the Dryvden Road North well field
under groundwater use scenarios with current interim measures and at the Dryden
Road South well field for several groundwater use scenarios with and without capture
zone nterim measures. However, groundwater use at these well fields is very unhikely,
and. therefore, potential exposure to these constituents from these well fields are hkely
overstated. However,

» The migration of constituents in groundwater from AOI 7 is not predicted 1o cause
concentrations at current drinking water supplies {1.¢., the West Carroliton well
field) to exceed MCLs (or simular risk-based drinking water concentrations for
constituents without MCLs) under any of the groundwater scenarios evaluated
(with or without capture zone mterim measures):

= The mugration of constituents in groundwater from AOI 7 is not predicted to cause
concentrations at the Miami Shores well field to exceed MCLs (or similar risk-
based drinking water concentrations for constituents without MCLs) if it is used as
an emergency drinking water supply (with or without capture zone interim
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measures); and

» The migration of constituents m groundwater from AQI 7 is not predicted to cause
concentrations at the currently inactive Delphi Thermal Moraine industrial
production wells to exceed MCLs (or similar risk-based dnnking water
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concentrations for constituents without MCLs) if they were placed into service
under the pumping scenarios evaluated.

1.6.2 RFI Conclusions

As concluded in the Baseline Risk Assessment, no unacceptable human exposures
have been determined to be currently occurring, and no unacceptable exposures via
direct contact or airborne transport from soil/waste are predicted to occur for
reasonably expected future land use conditions. Therefore, no further remedial action
1s warranted for soil/waste. For the drainage ditch at the north end of Delphi Thermal
Moraine, and an area west of the facility along the Great Miami River, there was no
indication of adverse ecological impacts from the SWMUs, and therefore, there was no
need for a more detailed ecological assessment. However, the potential exists for
constituents in groundwater from to migrate to the extent that reasonably expected
future uses of groundwater in the lower aquifer might be affected. Therefore, GM
imitiated mterim measures to remediate the source area contamination, and established
the followmg short-term and long-term goals for addressing groundwater at and
downgradient of the AOI 7 source area:

Short-term Geal: Implementation of capture zone interim measures and interim
measures to address the VOCs present in shallow groundwater at and downgradient of
AOL7, This work has been implemented.

Long-term Goal: Remediation of groundwater by implementing an effective strategy
to reduce constituent concentrations withm the plume mugrating from AOIL 7, in
conjunction with a site-wide monitoring plan, allowing mitial interim measures
implemented at the downgradient site boundary {1.e., groundwater extraction from
TW-21n the upper aquifer and DN-13 in the lower aquifer) to be shut-off after the
remediation of constituents from AOIL 7 is proven to be effective. A site-wide
groundwater monitoring program has been developed which will provide data
necessary to assess the timing for shutting off the inital interim measures welis (TW-2
and DN-13). as well as providing for long-term site-wide monitoring of SWMUs with
n-place wastes (1.¢., the landfills and lagoons) and the Waste Ple/Staging Area
(ARCADIS Geraghty & Miller, Inc., 2000d). The intent of the long-term monitoring
of SWMUs with waste m-place is to identify any significant contributions to
groundwater from these units that would inhibit GM s ability to meet its corrective
action objectives in a timely manner.
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2. Corrective Action Completion Strategy 1%!

As stated in Section 1.1, GM's long-term goal under its corrective action program is to

reduce existing on-site and off-site groundwater concentrations to levels that are
protective of reasonably expected future uses of groundwater. GM’s strategy for
achrevmg this goal will be met through a combination of corrective measures that
*ati-nev‘c plume migration control, reduce existing plume concentrations, and monitor
performance of these measures. Data will be acquired during the implementation of
corrective measures to evaluate progress towards achieving this goal. Once on-site
groundwater concentrations are reduced sufficiently by active corrective measures to
ensure continued protection of reasonably expected groundwater uses, the active
measures will be shut-off. Groundwater monitoring would continue to verify that
groundwater conditions remain acceptable.

As discussed in Section 1.6. the RFI Baseline Risk Assessments determined that no
unacceptable human exposures are currently occurring. However, constituents in
groundwater at AOI 7 were determined 1o have a potential to migrate to an extent that
reasonably expected future uses of groundwater might be affected. As described in
detail in Section 3.0, at the request of U.S. EPA. GM implemented interim measures
pumpmg of groundwater at the downgradient property boundary at wells TW-2 and
DN-13 to control migration of groundwater constituents. GM has also mplemented
m-situ remediation in A0l 7 and at three on-site locations downgradient of AOI 7. In
addition, GM has mitiated a site-wide groundwater monitoring program to collect and
evaluate data for its ongoing assessment of the eftectiveness of these remedial
measures in meeting the objectives stated in Section 1.1, The monitoring prograr

mcludes monitoring Tor some penod following tlermination of these remedial measures

to ensure that groundwater quahity remains acceptable. In addition. the momnitorng
program includes provisions for identifymg potentially significant contributions from

the land-based units (i.e., landfills and lagoons). if any. refative to the existing site-wide
groundwater quality, to ensure continuation of corrective action as necessary to address

these unis.

The need for continued operation of the remedial measures will be determined based

on achieving and maintaining the following conditions:
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1. Upper Aquifer: Consistent with the criterion stated in the RCRA Corrective Action
Environmental Indicator Determination - Migration of Contaminated Groundwater

Under Control (CA 730). the condition to be met in the upper aquifer is no
migrauon of VOCs at concentrations exceeding appropnately profective levels
(i.e., approprate for the protection of the groundwater resource and its beneficial

20
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uses as characterized in the RFI) bevond the existing area of contaminated
groundwater. Based on the groundwater conditions established during the
September 1999 baseline sampling event, GM proposes to use existing well
GM-26 as the POC for ensuring that this condition is maintained.

2

Lower Aquifer: Consistent with the goal to maintam a usable aquifer, mchuding
off-site drinking water use. the condition to be met in the lower aquifer is no VOC
concentrations exceeding MCLs or equivalent risk-based drinking water
concentrations in the lower aquifer beyond the existing area of contaminated
groundwater. Based on the groundwater conditions established during the
September 1999 baseline sampling event, GM proposes to use existing wells
GM-15, GM-11, and GM-20D as the POC for ensuring that this condition is
achieved and maintained.

Progress towards achieving these conditions will be evaluated by comparing
groundwater quality data from on-site monitoring wells to performance-based
remediation target levels (RTLs) that ensure compliance with these conditions without
active corrective measures. Monitoring wells located at and downgradient of the
remedial measures (1.e.. capture zone pumping wells and in-situ remediation ZOones) are
mcluded in GM's site-wide groundwater monitoring program to provide data for
determuning whether active measures are performing as expected. have reduced
groundwater concentrations to RTLs. or have reached the feasible limits of the
technology. These annual evaluations will provide the basis for modifications to the
remedial measures, including terminating some or all of these actions in the future. In
addition, these evaluations will determine if the land-based units contribute to the
existmg groundwater concentrations which would prevent meeting RTLs downgradient
of AOI 7 (e.g., concentrations are reduced immediately downgradient of AOI 7 to meet
the RTLs, but higher concentrations continue to be observed downgradient of a land-
based unit at levels above the RTLs). In this case. approprate corrective measures will
continue until the RTLs are achieved at the POC.,

— T > O O

2.1 Bevelopment of Remediation Target Levels

Sumlar to the assessment of potential exposures to groundwater under current and
reasonably expected future groundwater uses at and surrounding the Delpht Thermal
Moraine. Morame Engme, and Moraine Assembly facilities that was conducted in the
RFI Baseline Risk Assessments, GM is using mathematical models to estimate on-site
groundwater concentrations that will be protective of future groundwater uses.
Specifically, the MODFLOW groundwater flow model {Geraghty & Miller, Inc.
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1994a) developed for Delphs Thermal Moraine and the surrounding region (including
Moraine Engine and Moraine Assembly) is being used to support the estimation of
RTLs equal to concentrations in on-site groundwater at locations downgradient of AQI
7 that would not be expected to result in exceedances of the MCL at the designated
points of compliance.

211 Baseline Risk Assessment Modeling

The MODFLOW model (Geraghty & Miller, Inc. 1994a) developed to evaluate
groundwater flow at and surrounding the three facilities under various pumping
conditions was used in the RFI Baseline Risk Assessment as the basis for
approximating the transport of waste constituents from the SWMUs and AOQIs to
potential points of groundwater use. Specifically, the groundwater flow model
facilitated the approximation of constituent transport in groundwater by allowing the
calculation of source reduction factors that account for the natural dilution of
constituents as they move in groundwater from under the facilities to potential
exposure points. The source reduction factors were calculated by using the
MODFLOW model in combination with MODALL (Potter 1995), a complete-mix
model designed to work with MODFLOW. The MODALL model uses the cell-by-cell
flow terms computed by MODFLOW 1o calculate source reduction factors for a
specified source within each downgradient cell or block in the finite difference domain
of the MODFLOW model. The source reduction factors were computed for steady-
state transport (without dispersion) with the following conservative assumptions:

*  The contamunant source provides a continuous, steady-state flux of constituents
into the upper aquifer.

*  No degradation of constituents occurs during transport.

* No dispersion of constituents occurs during transport,

— T > A0 O

A source reduction factor was computed by setting the concentration of the
groundwater beneath the source to a constant, unit concentration {or dimensionless
concentration C/Cy). such that the calculated concentration at an exposure point ranges
from zero to one. The concentration estimated at the potential exposure point for a unit
source concentration was the source reduction factor for that source and exposure point
combination. The estimated exposure concentration of a constituent at an exposure
point resulting from a specific source was then obtained by multiplying the
groundwater concentration at the source with the source reduction factor.
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2.1.2 Mode! Application

For the purpose of developing RTLs for assessing the performance of remedial
measures, the groundwater modeling scenario that best represents current groundwater
use conditions m the absence of interim measures pumping at TW-2 and DN-13 is
used. Currently, this scenario, which accounts for current operations of on-site
industrial wells and off-site industrial and municipal well fields, is best represented by
groundwater model Scenario | evaluated in the Supplemental RFI Baseline Risk
Assessment,

Under this current pumping scenarto, source reduction factors are estimated for several
monitoring locations or zones' between the AOI 7 groundwater source area and the
downgradient POCs. Furst, a source reduction factor between the source area and the
POC 1s estimated using the methods employed in the Supplemental Baseline Risk
Assessment, as summarized above. Then, normalized RTL values are calculated for
specttic monitoring zones between the source and the POC by dividing the source
reduction factor for each monitoring zone by the source reduction factor for the POC.
A constituent-specific RTL for each monitoring zone is then calculated by multiplying
the allowable POC concentration of the constituent {e.g., the MCL or equivalent risk-
based driking water concentration) with this normalized RTL value.

2.2 Preliminary Remediation Target Levels

Using the approach discussed above and considering the scope of the proposed annual
groundwater monitorg program. GM has developed preliminary RTLs for both the
upper and lower aquifer at the following locations:

= Upper Aquifer

- The AOI 7 source area (includes wells GM-30. GM-29. and GM-23),

"In cases where nwitiple monitoring wells are focated between or downgradient of remedial
measures locations, then the performance of the remedial measures located upgradient of these
wells may be assessed based on the average concentration from ali of the wells rather than on a
well-by-well basis.

interim Measures/Corrective
Measures Report

General Motors Corporation
Moraine, Ohio
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- Monitoring zone 1 (S1), immediately downgradient of RZ-1 (includes well GM-
28),

- Monitoring zone 2 (S2), midway between RZ-1 and RZ-3 (includes wells GM-
28, ME-6, and other monitoring wells to be identified as a replacement for the
ME series wells in the central portion of the site, as discussed in Section 5.0),

- Monitoring zone 3 (53), immediately downgradient of RZ-3 (includes wells
GM-32 and GM-21).

= Lower Aquifer
- Monitoring zone 1 (D1), encompassing Well 32 and GM-19D,

~ Momtoring zone 2 {D2), between GM-19D and GM-11, GM-15 and GM-20D
encompassing GM-3 and GM-1,

The prelimnary RTLs for these monitoring zones and between these MONItOTINRE ZONes
for the five primary constituents of concern in AQI 7 (i.e.. constituents currently
exceeding MCLs in the source area) are presented on Table B-1 (Appendix B) for the
upper and lower aquifers. As indicated on Table B-1 for the AOI 7 area. the RTLs
developed for the lower aquifer would be the limiting values for AQI 7 under current
groundwater pumping conditions.

The RTLs shown in this table are considered preliminary because they are based on
current groundwater pumping conditions at and around AOI 7. As remediation
progresses. changes to groundwater pumping conditions and their effects on RTLs, if
any, wili be assessed on an annual basis, The preliminary RTLs shown on Table B-1
will be revised as appropriate to reflect knowledge of groundwater pumping conditions
at the ime of each annuai evaluation. Any changes to the RTLs or the methodology
for deriving the RTLs will be reviewed with USEPA prior to making a decision
regarding termination of one or more remedial measures.

— T > 0 O

23 Shut-Down of Remediation Components

As part of the annual remediation performance monitoring evaluation, data collected

from on-site and off-site monitoring wells will be compared to RTLs as a measure of
the performance of each remedial measure; i.c., to determine the extent to which each
remedial measure is contributing to achievement of the specific conditions outlined
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above for the upper and lower aquifers. In addition, as part of the annual performance
monitoring evaluation, GM will review the groundwater pumping conditions at the
facility and surrounding area to confirm that the basis for the RTLs remain valid. In
the event that pumping conditions at or surrounding the facility changed during the
monitoring period, then GM will update the RTLs prior to conducting the performance
evaluation. Further, because the models used to develop the RTLs do not take into
consideration attenuation of constituents during transport in the groundwater (e.g.,
retardation, degradation), and one of the primary components of the remedial measures
1s enhanced n-situ biodegradation, GM will also assess the extent to which these
processes should be accounted for in applying the RTLs during the performance
evaluation. Any changes to the methodology for deriving the RTLs will be reviewed
with U.S. EPA prior to making a decision regarding termination of one or more
remedial measures,

GM’s long-term goal 1s to reduce existing on-site and off-site groundwater
concentrations within the existing plume boundary to levels that are protective of
reasonably expected future uses of groundwater. Achievement of this goal will be
determmed by comparing groundwater quality data from monitoring wells to RTLs
that are designed to ensure residual on-site concentrations will not result in off-site
concentrations exceeding acceptable levels. For example, achieving the RTLs in areas
downgradient of AOIL 7 (e.g.. downgradient of RZ-3) would indicate that the
downgradient controi measures (e.g., pumping TW-2) would no longer be necessary to
meet the allowable POC concentration. However. in this example, if concentrations
upgradient of RZ-3 remain above the target levels, the active measures at RZ-1 and/or
RZ-3 would need to be mamtained until upgradient concentrations are further reduced.
Achieving RTLs in ali of the on-site monitoring zones would indicate that the
allowabie POC concentrations would not be exceeded if all active measures were shut-
off.

Once on-site groundwater concentrations are reduced sufficiently by active measures to
be protective of reasonably expected future uses, some or all of these active measures
will be shut-off. Following shutdown of any active measures, GM will continue its
groundwater monitoring program to confirm that the conditions in the upper and lower
aquifer continue to be met without these active measures. In addition, the monitormg
program will continue to evaluate potentially significant contributions from the land-
based units (1., landfills and lagoons), if any. relative to the existing site-wide
groundwater quality, to ensure that the groundwater conditions achieved by the
remedial measures continue to be met.

— T > A0 O
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3. Identification and Screening of Corrective Measures Technologies

The identification and screening process for potentially applicable corrective measures
technologies for implementation at the GM facilities is presented in this section. This
technology identification and screening process was completed in the past to identify
the current groundwater intertm measures {capture zone interim measures and AQI 7
interim measures). Implementation of the interim measures has resulted in knowledge
gained regarding the effectiveness of these technologies within site conditions
(presented below). This knowledge was then used to re-evaluate the technology
screening process as part of this Corrective Measures study. A summary of this
screening is presented below. The objective of this section is to identify and screen
technologies, taking the current terim measures info consideration, and eliminate
those technologies that are not effective or implementable within site conditions. The
retamed list of technologies 1s assembled nto the final corrective measure alternative
for the site, as discussed in Section 5.0.

3.1 Capture Zone Interim Measures

As discussed in Section 1.5, the 1mitial phase of RFI field activities began in October
1992 and was completed in February 1993, Delphi Thermal Moraine submitted an
Interim RFI Report to the U.S. EPA, summarnizing the RFI field activities and
analytical resuits, 1 July 1993 (Geraghty & Miller. Inc. 1993b). The U.S. FPA
submitted a comment letter to Delphi Thermal Moraine on this Interim RF] Report in
October 1993, The U.S. EPA informed Delphi Therma! Moraine in this
correspondence that interim measures needed to be implemented to control the
nugration of groundwater which contams VOCs. until a final remedy was mplemented
at the facility. GM agreed to perform interim measures that consisted of hydraulic
control for both the upper and lower aquifers 1o control off-site migration of
groundwater containing VOCs.

Because the objective of interim measures was to mamtain effective hydraulic control
of both the upper and lower aquifers in a umely manner, groundwater extraction was
the technology chosen over other hydrauhic containment technologies and in-situ
groundwater treatment. Montgomery County had already been operating a Pump-to-
Waste Program in the lower aquifer since March 1990 by pumping DN-13 (Figure 1-3)
at a rate of approximately 2.6 mgd. upgradient of their Miami Shores well field. This
effort resulted in hydraulic control of the lower aquifer immediately downgradient of
the site. GM incorporated the pumping of DN-13 into their capture zone interim
measures. (M covers the cost of operation and maintenance of the well, as well as

— M > A0 O
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monthly monitoring. An existing upper équifer test well, TW-2 located in the
southwest comer of Landfill L1, was used as part of these initial interim measures.
Capture zones were modeled using the RFI groundwater flow model in order to predict
whether DN-13 and TW-2 would be adequate for attaining hydraulic control of both
aguifers.

Recovered groundwater from TW-2 required treatment prior to discharge; therefore,
ex-situ treatment technologies were evaluated to address VOC concentrations (e.g., air
stripper, carbon adsorption). Treatment through an air stripper tower {countercurrent
packed aeration tower) was selected because 1t could be easily implemented, it was
effective for stripping VOCs from the groundwater to the extent necessary to meet
effluent limits, and 1t was a cost-effective technology. The remediation system for the
upper aquifer consisted of pumping groundwater from TW-2, at a rate that would
ensure adequate capture of groundwater to meet the interim measures objectives,
treatment through an air stripper tower, and discharge through an NPDES permitted
outfall to the Miami River.

A Preliminary Interim Measures Work Plan was submitted to the U.S. EPA in May
1994 (Geraghty & Miller, Inc.. 1994b). This work plan contained the design basis,
process descriptions, permit requirements. the momitoring program, and a schedule.
The Final Interim Measures Design Plans and Specifications report was submitied to
the LS. EPA i April 1995 (Geraghty & Miller. Inc.. 1995). The interim measures
groundwater recovery and treatment system designed for the upper aquifer began
operation on January 31, 1994,

Monthly mfluent samples are collected from the air stripper tower to meet the air
permit requirements and monthly effluent samples are collected from the air stripper
tower to meet the NPDES permit requirements. Select upper and lower aquifer wells
m the vicimuty of TW.2 are sampled for VOCs on an annual basis. and water-level
measurements are collected on a quarterly basis. Annual interim measures capture
zone reporis are submitted to the U.S. EPA to demonstrate that the required control has
been maintained. Recent groundwater ffow maps depicting the capture zones for
TW-2 m the upper aquifer and for DN-13 in the lower aquifer are shown on Figures
I-2 and 1-3, respectively. GM samples DN-13 on a monthly basis for analysis of
VOCs. The results are submitted to the U.S. EPA i the Monthly Technical Progress
Reports. The DN-13 monthly sampling results are also submutted to Montgomery
County,

— T > 0 O
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3.2 Former Qil House Area Interim Measures

The RFT identified that the primary source of VOCs in upper aquifer groundwater at
the three facilities 1s located at AOI 7 - Former Oil House Area. As stated in the RF]
report conclusions, mterim measures were recommended for groundwater at AQ1 7,
because of its potential for VOCs in groundwater to continue to impact site-wide
groundwater.

The objectives of the AOL 7 interim measures are as follows:

L. Toreduce VOC mass in the upper aquifer groundwater above the upper clay till in
the primary source area;

2. To limut future migration from the source area to downgradient portions of the
upper aquifer and mnto the lower aquifer; and

3. To actively address VOCs that have already migrated downgradient from the
source area in order to expedite remediation of the downgradient piume.

that were selected for the site. The source area is being addressed USINg an m-sity
oxidation technology and the downgradient piume is being addressed using enhanced
in-situ reductive dechlorination. Descriptions of these technologies and the interim
measures system design were presented in the Primary Groundwater Source Area (AO1
73 Interim Measures Work Plan and subrmtted to the U.S. EPA in June 1999
(ARCADIS Geraghty & Miller. Inc. 1999). Additional background information on
AO1 715 presented below and in Appendix A, 1n order to support the technology
selection process.

These objectives are currently being met by using a combination of in-situ technologies A
321 Former Ol House Area Background

The Former On] House Building 7 was located north of the Moraine Engine Plant and T
was built at least as early as 1949, The Former O1l House Area consisted of the Oil

House Building and an outdoor area that contained underground storage tanks (LISTs),

aboveground storage tanks (ASTs), and a drum storage area. The Oil House Buiiding

and associated outside structures covered a total area of approximately 48,000 square

ft. Virgin pamnts and chemicals necessary for production were stored and mixed in the

Ont House and pumped or transferred to various production areas, Materials were

stored in both drums and tanks. Virgin chemicals, including oils, paints, thinners,
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solvents, acids, toluene diisocyanate {TDI) and resins, were stored inside the Oi
House. Alcohols were reclaimed and solvent blending activities were conducted at the
O1l House. The outdoor area just north of the Oil House had seventeen 8,000 to
15,000-gallon ASTs used to store oil, solvents, acids and other production materials,
and three 15,000-gallon USTs used to store oil. These tanks were located in a tank
farm which had dikes (concrete or earthen) for spill containment and a gravel floor. A
drum storage area was also located just north of the Oil House and was used to store
drummed waste oils, thinners, alcohols, and still bottoms from the Oil House and
sludges contaming chromium, nickel, and phosphorus. This AOI was removed from
service i 1979 when at least three buildings were demolished and all tanks were
removed. Based on data collected during the RFI, AOI 7 was evaluated in the Raseline
Risk Assessment as an approximately 275.000 sq ft area encompassing these areas.

Currently, AOL 7 is primanly covered with asphalt, concrete, and the Moraine Engine
Tank Farm. This AST farm and pump house were constructed in 1980 over the
footprint of the former Oil House tank farm. Figure 3 from the AOI 7 interim
measures work plan presents photographs of the conditions at AOT 7 in 1999 (also
presented mn Appendix A). This tank farm is currently being decommissioned.

3.2.2 Former Ol House Area investigation Results

The hydrogeologic umts beneath AOI 7 consist of the upper aquifer, the regional
confining unit, and the lower aquifer. In addition, the upper aquifer beneath the AOI 7
area 1s divided into an upper and lower portion by the presence of an upper clay till.
The upper clay till 1s continuous beneath the AOI 7 area at a depth to top of 1l ranging
from approximately 25 ft to over 40 ft bls. The water table 1s located approximately

4 10 12 ft above the top of the upper clay ull due to the undulating nature of the top of
the till.

‘The average hydraulic conductivity of the upper aquifer across the site, based on
pumping test data collected in 1985 and in 1989, i1s approximately 1,650 fi/day. The
flow velocity in the upper aquifer ranged from approxmmately 2.2 to 5.1 ft/day in 1999
(ARCADIS Geraghty & Miller, 2000e). However, based on slug test data collected in
1998, the hydraulic conductivities of the upper and lower portions of the upper aquifer
in AOT 7 are much lower than the site-wide hydraulic conductivities at approximately
43 fi/day and 54 ft/day, respectively, and lower flow velocities would be expected in
this area. The groundwater flow velocity in the lower aquifer across the site, ranged
from approximately 0.7 to 1.4 f’day in 1999 (ARCADIS Geraghty & Miller 2000e).

— M > A0 O
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The highest concentrations of VOCs m groundwater across the three facilities are
present at AOI 7 in monitoring well GM-23. At this location, total VOC
concentrations were 19,706 micrograms per Hter (ug/L} in March 1998, with estimated
concentrations of PCE at 11,200 ug/L., TCE at 3,870J ug/L, cis-1,2-DCE at 3,870J
ug/L., and vinyl chloride at 766J ug/l.. The highest total VOC concentrations in a
hydropunch sampie collected above the upper clay till within AOI 7 were in
OH-BHZA where 18.441 ug/l. was detected in November 1998, with ¢is-1.2-DCE at
11,000 ug/L. vinyl chloride at 4,770J, PCE at 1,180J ug/L, TCE at 1,260J ug/L, and
1,1-dichloroethane (1,1-DCA) at 231 ug/L. In general, the area of highest VOC
concentrations is centered around GM-23, as shown on Figure 5 in the AQ1 7 interim
measures work plan, which has been included in Appendix A. This area is estimated to
be approximately 750 ft long in the north/south direction and 350 fi across in the
east/west direction. Figure 5 (Appendix A) presents the distribution of total VOC
concentrations m this area. Hydrophobic dye testing of saturated soi] samples in the
AQI 7 area indicated the potential presence of a dense nonaqueous phase Trquid
{DNAPL). The dye test results are presented on Figure 4, which has been included in
Appendix A. The calculated total mass of dissolved VOCs within the 1.000 ug/L
contour boundary identified on Figure 5 (Appendix A) is approximately 95 pounds (or
7 galions) based on a saturated thickness of 9 ft and a porosity of 0.3.

The concentrations of VOCs 1n groundwater within AOI 7 are much htgher in the
portion of the upper aquifer above the upper clay till. VOC concentrations are almost
two orders of magnitude lower in upper aquifer groundwater below the upper clay till
mn hydropunch samples collected during installation of GM-27: 11,5253 ug/L total
VOUs were detected just above the upper clay till compared with 101.5 ug/L. just
below the upper clay till. As a result, the interim measure within AOI 7 focused on the
upper portion of the vpper aquifer. Downgradient from AOI 7 where the upper clay tll
is mot present. interim measures focused on both the upper and lower portions of the
upper aquifer, as VOCs have dispersed both horizontally and vertically in the upper
aquifer as they have migrated downgradient from AQ1 7.

3.2.3 Technology Selection

— T > 0 O

Based on a review of potential remedsal technologies which could be apphed at the
GM site to address VOCs in groundwater at and emanatmg from AOL 7, two
remediation technologies were selected as the most likely to achieve the interim
measures objectives. One of these 1s a chemical (non-biological) oxidation of the
contarminanis using hydrogen peroxide and the creation of Fenton's reagent; the other
is enhanced bioremediation, primarily via the reductive dechlorination process. The
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chermical oxidation technology was selected for the AOI 7 primary source area which
contams the highest VOC concentrations because this technology provides the greatest
potential for rapidly reducg high VOC concentrations. The enhanced bioremediation
technology was selected for downgradient areas affected by lower concentrations of
VOCs from the AOL 7 source area because this technology is effective for reducing
these VOC concentrations detected at the site. These technologies were tested at the
site in order to evaluate their potential to become a component of the site-wide remedy.
A description of these technologies is presented below and implementation results are
presented in Sections 4.2 and 4.3,

3234 Chemical Oxidation

Chemical oxidation as a remed:al alternative is based on the introduction of an oxidant,
such as hydrogen peroxide (H,0,), into the subsurface. The resulting hydroxyl radicals

(OH™), a strong chermcal oxidizer, can create an environment which oxidizes organic
compounds such as PCE and TCE (and their degradation daughter products 1.2-DCE
and vinyl chionde). The reaction 1s a nearly instantaneous oxidation of these
compounds upon contact with the hydroxyl radcals.

Fenton's reagent. a combination of hydrogen peroxide and ferrous salts, can be used to
cost-effectively create hydroxyl radicals. The general chemistry for the creation of
hydroxyl radicals with Fenton's reagent 1s shown in the following reaction (Suthersan.
1997

FeZ” + Hy05 —> Fed* + OH- + OH

The ultimate breakdown products of this reaction are water, oxygen, and iron.
Fenton's reagent can be created immediately prior to injection into the subsurface or
within the subsurface using successtve injections of hydrogen peroxide and ferrous
salts to maximize remedial effectiveness. In aquifers with high iron content, Fenton's
reagent may be created naturally with the injection of hydrogen peroxide.

— M > A O

The oxidation of a PCE molecule occurs as the hydroxy! free radical (OH) breaks the
chemical bonds between the carbon and chlonine atoms. The oxidation of PCE is
shown below.

CHCly (PCE) + OH -
C1™ + mineralized end products (e.g., CO,) + H,0
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This oxidation reaction 1s similar for TCE, 1,2-DCE, and vinyl chloride. Chloride ions,
carbon dioxide, and water are the major end products of the complete oxidation
process.

The use of this remedial technology as part of the AOI 7 interim measure was propused
for areas within AOl 7 above the upper clay titt with the most elevated concentrations
of VOUCs: 1} the areas around GM-23, OH-BH7. and OH-BH13 (Oxidation Area 1
[OA-1]) and 2) west, north and southeast of the Moraine Engine tank farm (OA-2).
These areas are shown on Figure 7 of the Interim Measures Work Plan, which has been
included in Appendix A. The proposed mnterim measure involved the injection of
hydrogen peroxide (with or without a ferrous salt catalyst) to facilitate the oxidation of
the chlornated VOCs. Because the iron concentrations in the upper aquifer above the
upper clay till at AOL 7 (3.41 to 15.0 mg/L at GM-23) may not be high enough to
support creation of Fenton’s reagent without the introduction of a ferrous salt catalyst.
this was further evaluated during implementation of this technology. Field data
coliected to verify the completeness of these reactions within the AOI 7 source area is
presented in Section 4.3,

3232 Enhanced Reductive Dechiorination A

Enhanced anaerobic biodegradation is a remedial allernative which modifies the
subsurface environment to provide conditions which accelerate the natural
brodegradation of the chlornated VOCs. This technology is recommended because
site data indicates that natural degradation of the PCE to daughter products is already
occurring at varying degrees. as discussed in Section 4.6.2 of the Supplemental RFI
Report. '

Naturally occurring bactenia use available carbon that exists in their environment for
energy. During utihzation of the available carbon. biodegradation of chlorinated
VOCs can occur through various degradation pathways. The most important microbial
pathway for degradation of the higher chlonnated VOC compounds (1.e., PCE and
TCE) 1s reductive dechionnation (Wiedemeier. et al 1998). During reductive
dechlorination, the chlormated VOC s degraded via co-metabolism, whereby bacteria
utilize another primary carbon substrate as a source of energy. This primary utilization
produces enzymes and co-factors that can result in a chiorine atom on the VOO
compound being subsequently replaced with a hydrogen atom. Thus, brodegradation
through reductive dechlonnation results in a step-wise dechlorination from PCE to
TCE to c1s-1.2-DCE to vinyl chloride to ethene or ethane. Importantly, however, there
must be an appropriate carbon source available for this degradation pathway to
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proceed. Itis accepted that reductive dechlorination occurs under anaerobic
conditions.

During co-metabolism, the microbial populations are able to metabolize chlorinated
compounds even though they do not gain any significant energy from them, since the
primary carbon source satisfies this need. Thus, co-metabolism (and degradation of
contaminants) can occur at very low concentrations of chlorinated compounds, and the
reactions tend to be stable as long as a primary carbon source is available.

Recent studies have also indicated that the chlorinated VOCs themselves can be used
as an electron acceptor by bacteria. Thus, the bacteria can use the chlorinated VOCs as
a means of “breathing” or metabolizing, just as they use nitrate, sulfate, iron.
manganese and carbon dioxide for metabolizing carbon when oxygen is not present.
This process 1s called dehalorespiration and resulis in the degradation of more
chlorimated VOCs, such as TCE, proceeding directly 1o ethene, without the production
of intermediates such as cis-1.2-DCE and vinyl chloride. Other dehalorespiration
reactions are most ltkely possible. and these reactions are currently being studied in
laboratory environments. The important point to note is that dehalorespiring reactions
are most prevalent in the reducing environments in groundwater that also support
reductive dechlorination. Therefore, many complimentary dechlorination Processes are
most hikely on-going at any site impacted with chlorinated VOCs where nataral
degradation 1s occurting.

Enhanced bioremediation. as implemented for the AOI 7 interim measures, increases
the rate of intrinsic remediation by mntroducing a carbon source directly into the
impacted areas of the saturated zone. This creates a chemically enhanced anaerobic
and reducing environment which follows groundwater movement {mobile reactive
zone) where chlorinated VOCs can be degraded 1o innocuous end products consisting
of chloride 1ons, carbon dioxide. and water, As the indigenous bacteria utilize the
carbon source for energy, the available dissolved oxygen and other electron acceptors
are depleted, and the subsurface environment is driven toward more anaerobic
(reducing) conditions. Degradation of the chlorinated VOCs can then proceed by
reductive dechlorination. The use of the carbon source within a mobile reactive zone
provides a fundamental advantage over most treatment technologies in that it 1snot a
diftfusion-himited process which relies on the VOC desorption rate. The effects of
bacteria can often act as a natural surfactant and desorb some VOCs that are attached to
the aquifer matrix, thereby increasing the amount of mass which can be degraded
through natural biological processes, Through the mohile reactive zone. the carbon
source can become available to all portions of the aguifer through which water flows.

— T > 0 U
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In addition, due to the concentration gradient that develops across the mobile reactive
zone, the carbon source is driven throughout the aquifer. Thus, the carbon source can
access interstitial pore spaces and influence degradation of contaminants in areas
generally not accessible through groundwater extraction technigues.

The use of this remedial technology as part of the AOI 7 interim measure was
implemented in three areas: 1) at the southern boundary of AOQI 7 {Reactive Zone |
[RZ-1]), 2) at an intermediate downgradient barrier curtain south of AOT 7 in the ME
well series area (RZ-2) because existing wells were available for carbon introduction.
and 3) at a downgradient barrier curtain south of the Moraine Engine and the Delphi
Thermal Morame plants (RZ-3). The technology involved the introduction of a carbon
source m the form of simple carbohydrates to allow the microbial population to
develop the reducing condtitions necessary to support the enhanced anaerobic
biodegradation of the chlorinated VOCs. Field data collected during interim measures
was used to verify reducing conditions necessary to support dechlorination were
developed within these areas of the site which are downgradient of the AOI 7 source
area and contain elevated concentrations of chlorinated VOCs, as discussed in Section
4.2.

3.3 Corrective Measures Technelogies Screening Process

This section presents an evaluation of groundwater corrective measure technologies
(capture zone and AOI 7) and those technologies that are appropriate to address the
land-based units 1f required in the future (1.e.. fandfilis and lagoons). against the
screeming criteria. The list of focused technologies presented on Table 3-1 has been
developed based on a review of groundwater corrective measures that address
chiormnated VOCs and ARCADIS Geraghty & Milier's experience with implementing
the innovative technologies described in Section 3.2 at the GM facilities. The
technologres listed on Table 3-1 were screened on a preliminary basis on their
applicability to site conditions. Those technologies that were retained because of their
applicability to site conditions, were further screened using the following critena:
effectiveness, implementability, and relative cost. This screening process is presented
on Table 3-2. Corrective measures technologies retained after this second screenmg
process will be further evaluated when assembling the final site-wide remedy.

Interimn Measures/Corrective
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3.3.1 Screening Criteria

The detailed screening process consists of evaluating corrective measure technologies
for these categories: effectiveness, implementability, and relative cost. These
screenmng criteria are defined below.

Effectiveness: This criterton focuses on the degree to which a corrective measure
is protective of human health and the environment; reduces
toxicity, mobility, or volume of waste through treatment; affords
long-term protection; and minimizes short-term impacts.
Corrective measures providing significantly less effectiveness
than other technologies are eliminated from further consideration.
Additionally, technologes are evaluated as to how effectively the
risk of exposure would be reduced through the elimination of
exposure pathways. The time frame to achteve protection has
been divided into three general periods: short-term (110 3 years),
mid-term (4 to 7 years), and long-term (greater than 7 years).

and administrative feasibility of constructing, maintaining, and
operating the corrective measure. Technical feasibility is
evaluated by considering the potential construction, maintenance.,
and operation difficuities which could arise from implementing
the technology. This criterion also addresses the need and ability
to monztor the actions conducted both during and after corrective
measures are complete. Administrative feasibility refers to the
likelihood of obtaining approvals from regulatory agencies and
the availabihity of the components which are necessary to
successtully conduct the remediation. Consideration of the
availabihty of required components meludes examination of the
availability and capacity of treatment, storage, or disposal
facilities, and the availability of equipment, matenials, and
specialists necessary to implement and complete the proposed
work. The time frame required 10 implement the technology is
defined as short-term (1 to 3 years), mid-term (4 to 7 vears), and
long-term (greater than 7 vears). Even though they are the same
numbers, the implementation time frame differs from the
effectiveness time frame n that the former describes the time

Implementability: The implementability criterion is used to evaluate both technical A
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required to initiate the measure and the latter describes the time
required to achieve the goal of protection.

Relative Cost; The costs to implement, operate, and maintain the comrective
measure are considered under this criterion. Costs that are
excessive compared to the overall effectiveness of the technology
represent one of several factors used to eliminate technologies
from further consideration. Technologies providing effectiveness
and implementability similar to that of another technology by
employing a similar method of treatment or engineering control,
but at greater cost may be eliminated. This evaluation takes into
account both capital and operation and maintenance costs. Capital
costs include equipment, buildings, construction, land and site
development. and imtial purchased services, such as transportation
or chemicals. Operation and maintenance costs include operating
labor, maintenance. materials, energy, and on-going services, such
as contmued monttoring and purchase of chemicals.

3.3.2 Groundwater

The corrective measures technologies retained for groundwater from the screening
process on Table 3-2 were considered when assembling the final site-wide alternative.
These technologies include the foliowing:

Institutional Actions ~ deed restrictions, groundwater monitoring.
s Collection - groundwater extraction wells.
»  Ex-situ Treatment - air stripping. adsorption media.

»  Discharge — off-site discharge to surface water.

— T > A0 O

e In-situ Treatment — monitored natural attenuation, enhanced reductive
dechlonmation, oxidation.
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4. Summary of AOI 7 Interim Measures Investigations and Results

As discussed in Section 3.2, affer reviewing potential technologies that could be
applied at the GM site to address VOCs in groundwater at and emanating from AQI 7,
two in-situ technologies were selected. A work plan to implement these technologies,
enhanced reductive dechlorination and in-situ oxidation, was approved by the U.S.
EPA n July 1999. Field activities began in August 1999 and technology testing was
completed m May 2000. Prior to implementing the AO! 7 interim measures, baseline
conditions were determined through completion of a site-wide groundwater sampling
event. As discussed below, the Baseline data was compared to samples collected after
technology implementation to determine the effectiveness of the technologies. Based
on the results presented in the following sections, enhanced reductive dechlorination
and m-situ oxidation are successful technologies for addressing the chlorinated VOCs
n the upper aquifer at the site.

4.1 Baseline, 3-Month, 6-Month, and First Annual Sampling Events

As deseribed mn the AOI 7 Interim Measures Work Plan, four shaliow monioring
wells. 51 reactive zone introduction wells. and six oxidation mjection wells were
installed as part of the interim measures. This program began at the end of August
1999 and was completed by early October 1999, The database of groundwater
anaiytical and quality assurance/quality control (QA/QC) results from the Baseline
sampling event is presented in Appendix C.

Two new shallow monitoring wells (GM-29 and GM-30) were installed within the
AOL'7 area as shown on Figure 4-1 to serve as an upgradient monitoring point for RZ-
(GM-29) and to moen:tor effectiveness of the oxidation system (GM-30). These wells
were dniled down to the upper clay tll. New shallow monitoring welis were also
mstatled in the RZ-2 area (GM-31) and south of BY-3 west (GM-32), as shown on
Frgure 4-1, to monitor effectiveness of intenm measures in those areas. These wells
were drilled down to the regional clay all. All wells were drilled, constructed. and
developed per procedures defined n the approved Supplemental RFI Work Plan
{Geraghty & Miller, Inc., 1997b). The monitor well construction logs and soil boring
togs are presented in Appendix [,

Prior to implementing the proposed interim measures, baseline conditions were
determined through the completion of a site-wide groundwater sampling event m the
upper and lower aquifers. Baseline groundwater conditions were assessed by
collecting groundwater samples for laboratory analysis and field measurements from

interim Measures/Corrective
Measures Report
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43 existing upper aquifer monitoring wells, 4 newly installed upper aquifer monitoring
wells, 18 lower aquifer monitoring wells, 6 oxidation injection wells, and 9 reactive
zone mntroduction wells, as detailed on Table 4-1. Monitoring well locations are shown
on Figures 1-2 and 1-3.

Prior to sampling, depth-to-water measurements were obtained from all wells. The
depth-to-water measurements were presented on Table 1-1. Field parameters mcluding
pH, conductivity, temperature. oxidation/reduction potential (ORP) and dissolved
oxygen were measured during purging of each upper aquifer well using a multi-
parameter flow-through cell. In additon to indicating proper purging. these field
parameters were used to evaluate measurements periodically collected to assess the
mierim measures activities. All groundwater samples were collected, managed under
strict chain-of-custody procedures, and validated in accordance with procedures
defined in the approved Supplemental RFI Work Plan (Geraghty & Miller, Inc..
1997b}.

Groundwater samples were collected using low-flow sampling procedures from the
upper aquifer monitormg wells and mjection/introduction wells presented on Table
4-1. The groundwater samples were submitted to TestAmerica. Inc. of Dayton, Chio
for anatysis of Appendix IX VOCs and ¢is-1,2-DCE by Method 8260 and
biogeochemical indicator parameters, except for the analysis of dissolved gases which
was performed by Microseeps. L.td. of Pittsburgh. Pennsylvania. Groundwater samples
collected from the lower aquifer monttoring wells were analyzed for Appendix IX
VOCs and c15-1,2-DCE by Method 8260. Table 4-2 lists specific field and laboratory
parameters, analytical methods and laboratories.

Data from the site-wide Baseline samphng was evaluated to assess the current VOC
concentrations in: light of the technologies proposed to be implemented as interim
measures to address VOCs from AOL 7. With respect to chemical oxidation, the
evaluation was used to assist in determining the presence and quantity of non-target
compounds susceptible to oxidation. the anticipated quantity and spatial distribution of
oxidizing agent to be injected and the anticipated quantity of additional compounds
(t.e., wron salts) to be injected at the site. With respect to enhanced bioremediation, the
baseline data was used to compare the conditions before and after introduction of the
carbon source. Discussions of the Baselme results compared to the 3-month (February
2000), 6-month (May/June 2000}, and first annual {September 2000) samphing events
are presented in Sections 4.2 and 4.3 in terms of technology results and conclusions,

- M > A O
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The Baseline VOC results were also evaluated to establish a site-specific parameter list
for all future groundwater sampling events, specifically the Site-Wide Groundwater
Monitoring Plan (ARCADIS Geraghty & Miller, Inc., 2000d). The results of the VOC
analyses, biogeochemical analysis and field data are presented on Tables 4-3 through
4-11. Tables 4-3 and 4-4 also contain total VOC results from the RFI and
Supplemental RF] that can be used to evaluate trends. VOC concentrations at each
well sampled during the Baseline event in the upper and lower aquifers are posted on
Figures 4-2 and 4-3, respectively. Groundwater sampling logs from the Baseline
sampling event are presented in Appendix D.

Samples from the 3-month (February 2000) and 6-month (May/June 2000) sampling
events were collected, managed under strict chain-of-custody procedures, and validated
m accordance with procedures defined in the approved Supplemental RFI Work Plan
{Geraghty & Miller, Inc. 1997b). Groundwater samples were collected using low-flow
sampling procedures from the upper aquifer monitoring wells and
mjection/introduction wells presented on Table 4-1. The groundwater samples were
submutted to TestAmerica, Inc. of Dayvton, Ohio for analysis of Appendix IX VOCs
and ¢is-1,2-DCE by Method 8264 and biogeochemical indicator pararneters, except for
the analysis of dissolved gases which was performed by Microseeps, Ltd. of
Pittsburgh, Pennsylvania. Table 4-2 lists specific field and laboratory parameters,
anatytical methods and laboratories. The results of the VOO analyses, biogeochemical
analysis and field data are presented on Tables 4-12 through 4-27. VOC
concentrations at each well sampled during the 3-month and 6-month events are posted
on Figures 4-4 and 4-3, respectively. Groundwater sampling logs from the 3-month
and 6-month sampling events are presented m Appendix D.

Samples from the first annual (September 2000) sampling event were collected,
managed under strict chain-of-custody procedures. and validated in accordance with
procedures defined in the approved Supplemental RF1 Work Plan (Geraghty & Miller,
Inc. 1997b). Groundwater samples were collected using low-flow sampling
procedures from 38 selected upper aquifer monitoring wells. Groundwater samples
were aiso collected from 13 sclected lower aquifer wells. The iaboratory parameters
and analytical methods are presented on Table 5-1. The groundwater samples were
submitted to TestAmerica. Inc. of Dayton, Ohio for analysis of Appendix IX VOCs
and ¢15-1.2-DCE by Method 8260 and biogeochemical indicator parameters, except for
the analysis of dissoived gases which was performed by Microseeps, Ltd. of
Pittsburgh, Pennsylvama. In additon. U.S. EPA requested and GM agreed to modify
the parameter list only for the first annual sampling event: therefore, groundwater
samples were also analyzed for semi-volatile organic compounds (SVOCs) and metals.

— T > A0 O
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The results of the VOC, SVOC, and metals analyses from the first annual event are
presented in Tables 4-28 and 4-29. The biogeochemical analysis and field data were
only collected from wells upgradient and downgradient from the Reactive Zones, these
tesults are presented and discussed in Section 4.2. VOC concentrations at each well
sampled dunng the first annual event in the upper and lower aquifers are posted on
Figures 4-6 and 4-7, respectively. Groundwater sampling logs from the first annual
sampling event are presented in Appendix D.

4.2 Reactive Zones Implementation and Results

Enhanced reductive dechloration was implemented as a component of AQI 7 interim
measures at three areas: 1) at the southern boundary of AOI 7 (RZ-1), 2) at an
mtermediate downgradient barrier curtain south of AOI 7 in the ME well series area
(RZ-2) because the wells were available, and 3) at a downgradient barrier curtain south
of the Delphi Thermal Moraine (R7-2 west) and the Moraine Engine (RZ-3 east)
plants. The reactive zone locations are shown on Figure 4-1. This technology was
implemented for a period of s1x months and involved the introduction of a carbon
source 1n the form of simple carbohydrates (food grade molasses) to allow the

microbial population to develop the reducing conditions necessary to support the A

enhanced anaerobic biodegradation of the chiorinated VOCs. Groundwater samples
were coilected throughout this six-month period. as recommended in the AOI 7 interim
measures work plan, This field data inctuded field parameters, bioattenuation
parameters and VOCs. The carbon source solution concentration, feed rate,
introduction frequency to achieve the desired strongly reducing conditions in
groundwater was contmuously evaluated as the field data was collected. As a result,
some adjustments were made to the process. Due to the success of the first six months
of implementing this technology. carbon source introduction activities continued in
October, November. and December 2000. The following sections present a summary
of the reactive zone installation. operation, monitoring, results and conclusions.

4.2.1 Reactive Zone Instaliation

The bioremediation delivery network consisted of newly installed introduction points
for RZ-1 and RZ-3. and existing on-site monitoring wells in RZ-2 (F igures 4-8, 4-9,
and 4-10). Carbon source introduction points were installed in areas RZ-1 and R7-3 as
a barmier (row of points) generally running west to east, with a separation distance of
approximately 25 fi. Installation was conducted during September and October 1999,
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At RZ-1, the carbon source solution was introduced within the upper aguifer above the
upper clay till using nine introduction pomnts (Figure 4-8). The carbon injection level
was set by'screening the injection wells in the lower 10 ft of the upper aquifer, which is
4 ft to 12 ft thick in area of RZ-1.

At RZ-2, six existing monitoring wells located along the western edge of the Moraine
Engine Plant 3 building were used for carbon source introduction points (Figure 4-9).
The existing wells provided complete coverage of the planned injection barrier, so no
new mntroduction pomts were necessary at RZ-2. The RZ-2 wells were screened within
the upper 3 ft of the upper aquifer.

At RZ-3, carbon was mtroduced using 42 introduction points (Figure 4-10). The upper
clay till was not present in the area of RZ-3, and the carbon injection wells were
screened from the aquifer surface to a depth of 46 fit to 68 ft to allow carbon
introduction through the entire thickness of the upper aquifer.

According to the AOI 7 interim measures work plan. four additional introduction
pomnts were to be installed (three in RZ-1 and one in RZ-3 east). However, interference
from aboveground features and underground utilities precluded drilling in these areas.

Carbon injection wells were drilled through the upper aquifer, using the hollow stem
auger drilling method. and were terminated at a depth of 0.5 1 into the upper clay till
formation in RZ-1 and at a depth of 0.5 ft into the regional clay till at RZ-3 when it was
encountered. Atall other locations in RZ-3 west and east. the presence of heaving
sands prevented setting the introduction point into the regional clay till, so the point
was set as deep as possible. Bormg logs and well construction logs from wells selected
for lithologic characterization are presented in Appendix D. Soil samples were not
collected during dnlling for laboratory analysis: however, as described in the AOL 7
mterim measures work plan, a saturated soil sample was coliected from above the
upper clay till withm each boring at RZ-1 and was field-screened using the
hydrophobic-dye test to assess the potential presence of DNAPL within AO] 7. The
dye test results are presented on Table 4-30. The possible presence of DNAPL is noted
on this table.

— T > A0 O

Each boring was completed as a carbon source introduction point by nstaliing a 3-inch
diameter Schedule 80 polyvinyl chloride casing. Each casing was equipped with a
screened section spanning a portion of the upper aquifer and the uppermost § inches of
the underlying clay till layer, if encountered. A 6-inch bottom sump was mstalled in
each injection point, to facilitate 1dentification of a DNAPL, if present. A 10-foot long
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screen section was used for all introduction points in RZ-1 and boring depths ranged
from 26 fit to 33 ft bls. Introduction points installed within RZ-3 were equipped with
20 ft 10 40 ft of screen. Boring depths ranged from 46 ft to 68 ft below land surface.
An example introduction point construction detail is presented in Appendix E (Figure
E-1).

4.2.2 Resctive Zone Operation

As discussed in Section 3.2, the reductive dechlorination of 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,
as the available “aerobic” electron acceptors (such as oxygen and nirate) are
consumed. The microbial succession leads to a consortium of species that survive by
sulfate reduction and methanogenisis and other low-ORP metabolic pathways,
supporting the highly reducing conditions necessary for the dechlorination of PCE,
TCE, and cis-1.2-DCE.

periodic introductions of a carbon source solution were conducted during a 6-month
period between December 1999 and May 2000, according to the procedures detailed in
the AOL 7 interim measures work plan (Appendix E). The carbon source solution
consisted of a 10 to | mixture of potable water to feed-grade molasses that was
pumped into each RZ well. The contractor. Monarch Water Systems, Inc. of Xenia.
Ohio, maintained dedicated mix tanks at their Xenia facility and transported the pre-
mixed solution in a dedicated tanker truck 1o the GM site. The initial event, conducted
m December 1999, consisted of two consecutive rounds of carbon source introductions
m each RZ well. After the initial mtroduction event. the carbon source solution
introductions were scheduled twice per month through May 2000, Modifications were
made to the scheduled introductions throughout the six-month period based on
continuing review of the field data. Details regarding the frequency and strength of
carbon source introductions are provided in Appendix E (Table E-2). Carbon
mtroductions were re-initiated i October through December 2000, after completion of
the first annual sampling event.

To sustain the necessary changes in aquifer conditions within the reactive ZONEes, !

4.2.3 Reactive Zone Monitoring
Development of the reactive zones was monitored through the collection of samples for

field parameters measurement (monthly), and laboratory analysis of biogeochemical
mdicator parameters and VOCs during the 3-month (February 2000) and 6-month
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{(May/lune 2000) sampling events. Field parameter measurements included: pH,
dissolved oxygen (DO), ORP, temperature, and specific conductivity. Biogeochemical
parameters included: nifrate/nitrite, nitrogen (ammonia), manganese (total and
dissolved), iron (total, dissolved, and ferrous), sulfate/sulfide, total organic carbon
(TOC), chiondes, the light hydrocarbon scan (ethane and ethene), and dissolved
permanent gases (carbon dioxide, oxygen. nitrogen, methane, and carbon monoxide).
Tables containing the field parameter results are included in Appendix E (Table E-3)
and the bioattenuation results and VOC results (compounds above detection) for all
wells sampled are presented on Tables 4-12 through 4-14, 4-16 through 4-18, 4-20
through 4-22, and 4-24 through 4-26. The full list of VOC and QA/QC results is
presented m Appendix C for the 3-month and 6-month sampling events. An evaluation
of the pertinent monitoring data is presented in the following sections.

At RZ-1, GM-29 was used as an upgradient monitoring well and GM-28 was used as a
downgradient monitoring well. ME-6 was used as an upgradient monitoring well for
RZ-2 and for carbon source solution introductions. During the six-month
implementation period, carbon source solution introductions in ME-3 were stopped so

that this well could serve as a downgradient monitoring well for RZ-2. For RZ-3 west, E

upgradient weils EAST, WEST. and GM-198 were used as monttoring points and
GM-32 was used as a downgradient monitoring point. During the six-month
implementation period. carbon source solution introductions in R7-3L were stopped so
that this well could serve as a side-gradient monitoring well to evaluate the radius of
mtluence within RZ-3 west. For RZ-3 cast, GM-22 served as the upgradient
monttoring well and GM-21 served as the downgradient momnitoring well. During the
six-month implementation period, carbon source solution introductions in RZ-3KK
were stopped so that this well could serve as a side-gradient monttoring well to
evaluate the radius of influence within RZ-3 east. Locations of these wells are shown
on Figures 4-% through 4-10.

4.2.4  Analysis of Field Parameters

Field parameter data collected as part of the Baseline, 3-month, 6-month. and first
annual samphing events are provided in Tabies 4-31, 4-32. 4-33. and 4-34 for RZ-1,
RZ-2.RZ-3 west, and RZ-3 east. respectively. These tables are organized such that
upgradient and downgradient changes can be easily identified. Field parameters
collected periodicaily to monitor introduction events are provided in Appendix E
{Table E-3).
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4241  pH

The 1deal pH range for reductive dechlormation is 6 to §, optimum conditions were
present within the three reactive zones to support this process. pH values below 6.0
were noted i the carbon source introduction wells used for monitoring within RZ-1,
RZ-2, and RZ-3. The carbon source solution has a lower pH than groundwater at the
site: 5 to 6 for cane sugar molasses. versus 6.5 to 8 for groundwater. Also, the
formation of acetic acid dunng the breakdown of sugars may further reduce
groundwater pH. It is recogmzed that while pH values less than 5 may be outside of
the optimal range for reductive dechlorination under natural attenuation, it is suspected
that lower pH values being measured during some of the pertodic monitoring events
{Appendix E) was titrated to a more neutral pH by the high-carbonate aquifer
formation and, therefore, the observed low-pH value was localized in comparison to
the overall volume of the aquifer. Additionally. the biogeochemical indicator data
discussed later in this section and VOC results discussed in Section 4.2.6, indicated
that the periodic episodes of localized low pH associated with carbon source
mtroduction did not adversely affect reductive dechlormation processes withun the
three reactive zones.

4242 Dissclved Oxygen

Anaerobic bacteria generally cannot function at DO concentrations greater than about
0.5 mg/L and, hence, reductive dechlorination will not ocour {Wiedemeier, et al, 19983,
Field-measured DO readings collected during much of the six-month pertod indicate
that DO levels within the three reactive zones were relatively low before, during, and at
the end of carbon source introductions. However. DO values measured durmg some
events show relatively elevated values when compared to other measurement events
and compared to what would be expected considering the low ORP measurements
noted in the same monitormg wells. Such values of DO are likely caused by
mterference or fouling of the DO probe by the carbon source solution during purging
of the well and, therefore, have not been used 1n this assessment. Future sampling
events will attempt to elirmnate these measurement problems by recommending more
frequent field calibration of the DO probe during measurement events and more
frequent maintenance of the DO probe when questionable data is identified {physical
replacement of the DO membrane on the probe). Based an a review of other field and
bioattenuation parameters, reductive dechlormation was occurring: therefore, the DO
readings may not always be rehiable.

— T > 0 O
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4243  Odidation/Reduction Potential

‘The ORP of groundwater is a measure of electron activity and is an indicator of the
relative tendency of a solution to accept or transfer electrons. ORP reactions in
groundwater contaming organic compounds are usually biologically mediated and,
therefore, the ORP of a groundwater system is dependent on and influences
biodegradation (Wiedemeier et al, 1998). ORP measurements below 0 millivolts (mV)
(1e. negative measurements) are indicative of reducing conditions in the groundwater.
The ORP readings measured during the 3-month and 6-month groundwater sampling
events and the periodic measurement of field parameters (Appendix E) indicate that
more reducing conditions have been generated within the three reactive zones by the
introduction of the carbon source. For instance, after 6-months of carbon mtroduction,
the ORP in introduction wells within RZ-1 went from an average value of
approximately 170 mV to an average of approximately -67 mV. Additionally, a
transition from 90.5 mV to -93.7 mV was noted in downgradient monitoring well
GM-28, indicating that the reducing conditions are moving outward from the
mtroduction wells. By September 2000 residual influence of dechlorination was still
noted because the ORP i GM-28 was further reduced to -200.1 mV and carbon
solutions had not been introduced in RZ-1 since May 2000. Similar reductions in ORP
were noted in RZ-2. where the average baseline ORP of approximately 100 mV has
been reduced after 6-months 1o an average of -143 mV. Finally, for portions of the
RZ-3 areas where ORP values in introduction wells prior to implementation of the
carbon source mtroductions were positive, a transition to negative, more reducing ORP
conditions were noted.

4244  Temperature

Temperature increases may also serve as an indicator of increased biological activiry
within an aquiter. This phenomenon was noted in RZ-1, where upgradient and
downgradient monitoring wells were available for direct comparison. However, the
fact that carbon source was introduced directly to all monitoring wells in RZ-2
prevented observation of temperature changes. Also, natural conditions upgradient and
within RZ-3 were too variable to observe temperature increases due to microbial
respiration.

— T > 0 O
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4245  Specific Conductivity

The specific conductivity increased in each of the three reactive zones, indicating that
total dissolved solids concentrations increased. This resulted in an increase in electron
activity which can positively influence the rate of reductive dechiorination,

4.2.5 Analysis of Bioattenuation Indicator Parameters

Bioattenuation mdicator parameters collected as part of the Baseline, 3-month,
6-month, and first annual sampling events are provided i Tables 4-31, 4-32, 4-33, and
4-34 for RZ-1,RZ-2, RZ-3 west, and RZ-3 east, respectively. These tables are
organized such that upgradient-to-downgradient changes can be easily identified.

4251 Dissolved Manganese and iron

Manganese can be used as an alternate electron acceptor during anaerobic degradation
of VOCs and 15 reduced in the process. The reduced form of manganese is more
soluble and, therefore, an increase in dissolved manganese is an indicator of changes in
biogeochemistry favorable of reducing conditions withm, and downgradient of the
reactive zones. The distribution of dissolved manganese at the site prior to njecting
the carbon source solution was fairly low, as indicated by the results of the baseline
groundwater sampling event in September 1999, ranging from <0.016 mg/L to a
maximum of 0.942 mg/L. Increases in the concentration of dissolved manganese
durmg the 3-month and 6-month sampling events relative to the baseline data, provided
a good indication of increased anaerobic and reducing conditions in groundwater at the
site. The 3-month and 6-month sampling results indicated substantial increases in the
concentrations of dissolved manganese within the reactive zones. In RZ-1, dissolved
manganese mncreased within introduction wells RZ-1A and RZ-1G from 0.203 mg/L to
13.2 mg/L and 0.198 mg/L to 19.9 mg/L. respectively, in the first 3 months.
Downgradient of RZ-1, increased concentrations of dissolved manganese from 0.068
mg/d. 10 6.71 mg/1 noted i GM-28 (located 80 ti downgradient of introduction wells)
by 6 months provides strong indication that the effects of carbon source introduction
are moving downgradient away from the introduction points. RZ-2 showed an increase
in dissolved manganese within introduction wells ME-6, ME-1 and ME-3 from <0.01
mg/l w0 3.6 mg/l, 0.493 mg/L to 1.93 mg/L. and <0.01 mg/L t0 0.702 mg/l,
respectively, in the first 3 months. Simular increases in all RZ-3 introduction points can
also be seen after the first 3 months of operation. Dissolved manganese concentrations
remained relatively the same. although there were some increases and decreases noted
in September 2000,

— T > 0 O

46



Interim Measures/Corrective

ARCADIS GERAGHTYZMILLER Measures Report

General Motors Corporation
Moraine, Ohio

Ferric tron may also be used as an electron acceptor in reductive dechlorination
reactions afier the depletion of available oxygen, nitrate and manganese from the local
groundwater environment, and 1s converted to a more soluble ferrous or “dissolved”
iron m the process. Like dissolved manganese, this phenomenon is indicated by the
presence of dissolved iron in the groundwater samples. This process, termed iron
reduction, is therefore an indicator of a more reduced environment which should
facilitate reductive dechlorination.

The 3-month and 6-month results for dissolved ron showed good evidence that more
strongly reducing conditions developed at all introduction wells that were used for
monitoring in RZ-1, RZ-2, and RZ-3. Addiuonally, the increased concentration of
dissolved ron in GM-28 indicated that these reducing conditions migrated over 80 ft
downgradient within the first 6 months of introductions. Dissoived iron concentrations
continued to increase or remained the same by September 2000.

These dissolved metals data provide strong evidence that the effects of carbon source
introductions changed the groundwater geochemistry and promoted reducing
conditions m the targeted portions of the upper aquifer at the site. The less distinct
effects noted within the RZ-3 areas are likely due to the larger area of the aquifer being
targeted for remediation {depth of aquifer up to 40 ft thick) that will require a period
longer than 6 months to provide the necessary carbon loading to obtain reducing
conditions similar to those seen in RZ-1 and RZ-2 (where the aquifer thickness was
between 10 and 15 f1).

4252 Suifate

Under more strongly reducing conditions, sulfate can be used as an alternate electron
acceptor, and in the process reduced to elemental sulfur or sulfide. The phenomenon
of suifate reduction can be masked in some cases by the introduction of sulfur present
m the carbon source solution (molasses). This can be seen 1n introduction wells
RZ-1A, RZ-1G, RZ-3E and RZ-3T where increases in sulfate concentrations are seen
n the 3-month sampling data (and 6-month data in the case of RZ-3T); however. the
strongly reducing conditions developed by the carbon source introductions ultimately
led to a decrease mn sulfate concentrations in the majority of introduction wells by the
6-month sampling event. Additonally, a decrease in sulfate concentration within
(iM-28, to non-detectable jevels, provided evidence that the affects of RZ-} migrated
at least 80 ft downgradient in the first 6 months. Sulfate concentrations were still at
non-detectable levels in GM-28 m September 2000, 5 months afier carbon
mtroductions were halted.

— T > A0 O
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Under some aquifer conditions, concentrations of sulfate greater than 20 mg/1. may
compete with the dechlorination processes under unenhanced natural attenuation. This
competition may occur if sulfate acts as a preferred electron acceptor over the
chlonnated compounds. However, in many plumes with high concentrations of
sulfate, reductive dechlonnation still occurs (Weidemeier et al, 1998). If conditions are
reducing enough for sulfate reduction to occur, then reductive dechlorination is likely
occurring. This appears to be the case at this site as indicated by the VOC results
discussed m Section 4.2.6. A review of the site-gpecific list of VOCs and supporting
biogeochemical data provides indication that degradation occurred in all three reactive
zones even though sulfate concentrations above 20 mg/L exist.

4253  Carbon Dioxide

Carbon dioxide 15 the ultimate degradation end product in the dechlonnation of PCE
and TCE and therr associated daughter products, and is an indicator of increased
biotogical activity. Carbon dioxide can be produced during the oxidation of vinyl
chloride aerobically or via ron reduction {Wiedemeier et al, 1998) and can also be
produced during microbial respiration and oxidation of most organic materials, Carbon
dioxide data ts presented in Tables 4-31 through 4-34, for the introduction/monitor
wells and upgradient and downgradient monitoring wells. A dramatic increase in
carbon dioxide is evident in all reactive zone introduction wells compared to the
basehne results. These results reinforce the observation from other ndicator
parameters that the carbon introductions have generated aquifer conditions that support
enhanced biological activity.

4254 Chicride

Elevated concentrations of chioride above baseline results were identified in
groundwater samples obtamed from introduction monitoring wells during both the
3-month and 6-month sampling events (Tables 4-31 through 4-34). The elevated
chloride concentrations are likely due to the enhancement of biodegradation processes
by mntroduction of the carbon source in the reactive zones. The presence of elevated
concentrations of chioride in the introduction wells suggests that during the enhanced
biodegradation of the chloninated hydrocarbons at the site, chloride has been released
nto groundwater as a metabolic byproduct (Wiedemeier et al, 1998). The presence of
elevated chlonide compared to historical results is thus another indication that
conditions for biodegradation are being enhanced.

— T > A0 O
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4255 Methane

Methane concentrations can increase during methanogenesis when acetate (a produgct
of sugar fermentation) is split to form carbon dioxide and methane, or when carbon
dioxide is utilized as an electron acceptor under extreme reducing conditions,
producing methane (Wiedemeier, et al, 1998), The presence of increased methane
concentrations in the 3-month and 6-month groundwater data is further evidence that
strongly reducing conditions have been developed and a sign that methanogenesis is
occurring. Overall, methane concentrations were contmuing to increase in September
2000.

42586  Oxygen

Low levels or lack of oxygen within the vicinity of the reactive zones was another l a
indicator that reducing conditions were developed, likely by increased biological

activity that used available oxygen during respiration processes. Dissolved oxygen is a

diffreult field parameter to measure in introduction wells due to interference and

touling problems with the DO probe, as discussed in Section 4.2 4. However, the

laboratory analytical resuits provided a better indication of oxygen concentrations

within the aquafer. Specifically. site-wide upgradient and downgradient DO levels

increased. or remained relatively unchanged at the site, while DO levels in the

mtroduction wells generally decreased.

4.257  Bioattenuation Indicator Parameter Radial Diagrams

SEQUENCE is a visual aid used to illustrate spatial and temporal trends for multiple
chemicals on one map (Conestoga-Rovers & Associates, 1998). This technigue has
been used to present biogeochemical indicator parameters for RZ-1, RZ-2 and RZ-3, as
a4 means of demonstrating the interaction of the bioattenuation indicator parameters
discussed above. as they relate to demonstrating that changes in the biogeochemistry of
the upper aquifer at the Moraine facilities have been altered to be more reducing
condstions, and thereby. more conducive to enhanced reductive dechlonnation. The
radial diagrams have been developed to include dissolved manganese, dissolved iron,
sulfate. DO, and methane. The axis of the dragrams have been oriented such that
conditions mdicative of enhanced reducing conditions are directed to the center of the
radial dragram (1.e., dissolved manganese, dissolved iron. and methane increase toward
the center, while sulfate and DO decrease toward the center). In this way, a reduction
n size of the area within the SEQUENCE-radial diagram provides an indication of
increased reducing conditions more conducive to enhanced reductive dechiorination,
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As can be seen m the radial diagrams presented for the RZ-1 haseline sampling event
(Figure 4-11) conditions upgradient, within and downgradient of the RZ-1 introduction
wells are generally similar in nature. As the same parameters are plotted for the
3-month, 6-month, and first annual sampling events, the shape of the radial diagrams
for the two introduction wells within RZ-lindicate that manganese and iron reduction
begin to occur prior to 3-months, and that evidence of sulfate reduction and
methanogenesis are evident in the 6-month data. Additionally, the radial diagram for
downgradient monitor well GM-28 indicates that limited evidence of changes in
geochemistry are noted at 3-months (iimited manganese and iron reduction); however,
a more pronounced conversion to reducing conditions is evident in the 6-month and
first annual (excluding DO which is not available) data providing strong indication that
the reducing zone developed through carbon introductions is expanding downgradient.

The radial diagrams for RZ-2 are presented in Figure 4-12. Baseline groundwater
conditions at upgradient well ME-6 and downgradient well ME-3 are very similar,
while the radial diagram for ME-1 indicates that some manganese reduction is likely
occurring through this area prior to carbon introductions. This is consistent with the
biogeochemical assessment of this area conducted dunng the Supplementai RFI, where

evidence of natural attenuation was noted through this area of the factlity, The radial A

dragrams for the 3-month. 6-month. and first annual data demonstrate that more
reducing conditions have been developed throughout the area. It should be noted, that
since carbon source troductions were halted in ME-3 during the fifth month to allow
this well to serve as a downgradient monitoring point. the radial diagram does not
continue to reduce m size as seen for ME-6 and ME- 1, but does continue to show a
reduction compared to the baseline data due to the affects of the initial carbon
mtroductions and the treated groundwater moving mto this area from upgradient.

The radial diagrams for RZ-3 west are presented in Figure 4-13. Baseline groundwater
conditions at upgradient wells GM-195, WEST. and EAST (not shown on Firgure 4-13)
and downgradient well GM-32 are very similar. Conditions remain relatively constant
for the 3-month and 6-month sampling events. The 3-month and 6-month radial
diagrams for RZ-3E and R7-37 demonstrate that more reducing conditions developed
within the reactive zone. It should be noted, that carbon source introductions were
halted in RZ-3L during the fifth month to allow this well to serve as a side-gradient
monitoring point. Conditions at GM-32 indicate that reducing conditions evident
within RZ-3 west have reached this downgradient monitoring point, but with continued
carbon source introductions the effects will be more distinctive. The radial diagram for
the first annual data appears to be similar to the 6-month data, with the exception of
mcreases in methane and ron at GM-32.
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The radial diagrams for RZ-3 east are presented in Figure 4-14. Baseline groundwater
conditions at upgradient well GM-22 and downgradient well GM-21 are very similar
and remam relatively constant for the 3-month, 6-month, and first annual sampling
events. The 3-month and 6-month radial diagrams for RZ-3FF and RZ-3KK
demonstrate that more reducing conditions developed within the reactive zone. It
should be noted, that since carbon source introductions were halted in RZ-3KK during
the fifth month to allow this well to serve as a side-gradient montoring point, the radial
diagram continues to reduce in size due to continued carbon source solution
mtroductions i wells adjacent to RZ-3KK. Conditions at GM-21 indicated that
reducing conditions evident within RZ-3 east have not yet reached this downgradient
monttoring pomt. The less distinct effects noted at GM-21 are likely due to it being
located further downgradient (approximately 160 ft) than other wells used to monitor
downgradient conditions and the larger area of the aquifer being targeted for
remediation (depth of aquifer up to 30 ft thick). For these reasons, a period lomger than
6 months will be required to provide the necessary carbon loading to obtain reducing
conditions that propagate that far downgradient.

426  Analysis of VOC Analytical Resuits
The groundwater analytical data for the site-specific hist of VOCs for the baseline, I \

3-month. 6-month, and first annual sampling events are presented in Table 4-35 for
RZ-1. Table 4-36 for RZ-2, Table 4-37 for RZ-3 cast and Table 4-38 for R7-3 west,
Additionally. the ratios of PCE and TCE (parent compounds) to c¢is-1,2-DCE and vinyl
chloride {(daughter products) are provided for the introduction and monitoring wells in
RZ-1, R7-2, RZ-3 east and RZ-3 west on Figures 4-15, 4-16, 4-17, and 4-18,
respectively. '

The following bullets summarize the observations and trends evident among the three
reactive zones at the Moraine facilities which indicate that enhanced reduction of the
target chlornated VOU's was achieved through the carbon introduction process:

»  The parent to daughter (PCE+TCE)/(cis-1,2-DCE+vinyl chlonde) ratio decreased
at RZ-1 introduction wells from a baseline average of 7.4 to 0.11 after six months
of carbon introduction:

« The concentrations of PCE and TCE in GM-28, located 80 ft downgradient of the
RZ-1 introduction zone. decreased by 90 percent and 98 percent, respectively,
during the first six months and the parent to daughter ratio in GM-28 decreased
from a baseline value of 6.25 1o 1.83 after three months and to 0.02 after six
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months. By the first annual event, concentrations of both PCE and TCE in GM-28
decreased by greater than 99 percent. The parent to daughter ratio in GM-28 was
0.08 after one year;

= The concentrations of PCE and TCE in the three RZ-2 wells being monitored
decreased by an average of approximately 95 percent after six months of carbon
mtroduction. By one year, the PCE and TCE concentrations decreased by 100
percent and by 85 percent, respectively;

n  Montoring well GM-32, located immediately downgradient of RZ-3 west showed
an mereased concentration of ¢is-1,2-DCE (as well as some moderate changes in
other biogeochemtcal markers) after three months of carbon introductions,
indicating enhanced reduction of chlorinated VOCs is likely occurring in this area.
However, detection himits in the May 2000 sampling event were above pre-
freatment target coniaminant levels, therefore, a determination of PCE/TCE
reduction could not be made. By the first annual sampling event, both PCE and
TCE were nondetect; and

» The concentration of PCE is below detectable concentrations within introduction
wetls mon:tored in RZ-3 east, and a measurable concentration of TCE is only
present m one well at an estimated concentration of 1.4J ug/l. VOC
concenirations at downgradient well GM-21 have remamed relatively unchanged,
however, this well hies at a greater distance trom the reactive zone than is the case
for the other reactive zones, and sufficient time has not passed to allow observation
of the treatment affects.

427 Conclusions

After nine months of implementing enhanced reductive dechlorination through the
mtroduction of a carbon source solution. the following observations can be made:

— T > 0 O

= Exisung aquifer conditions can be converted to more reducing conditions through
the mtroduction of a carbon source as evidenced by the changes in field and
bioattenuation parameters; and

» The target compounds (PCE and TCE) can be effectively reduced to daughter

products (cis-1,2-DCE and vinyl chloride) and ultimately ethane and ethene based
on a review of the VOU resulis,
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» A non-target compound, 2-butanone, was generated within the reactive zones
because the soluble and colloidal carbon injected to enhance reductive
dechlorination was metabolized by aquifer microbial communities in a sequence of
processes that included fermentation reactions. These anaerobic processes
preceded the development of sulfate reduction and methanogenesis, the principal
working mechamsms of reductive dechlorination that caused the dramatic
reductions of chlorinated solvents noted in RZ-1. Fermentation reactions occur
when hydrocarbons are metabolized under anoxic conditions. For example,
acetone and 2-butanone form at fuel spili sites and can be used as indicators of
active biodegradation. When carbon 1s injected at the rates required to enhance
reductive dechlorination, combined concentrations of acetone and 2-butanone can
rise 1o levels of 1,000 ug/L or more. These compounds are associated with a much
larger group of fermentation products, including alcohols and orgamg acids. The
fermentation products, collectively, were instrumental in disrupting sorbed-phase
solvent masses 1n the aquifer that would have resisted other remedial measures.

» ERD results at RZ-1 demonstrated several important points regarding apphication
of the technology at this site:

without production of vinyl chiorde;

b

Collaterat etfects of the carbon injections caused desorption of large quantities
of chlornated solvents that would have been unaffected by other remedial
measures. Among these effects were:

. Solvent effects of fermentation products including alcohols,
ketones and organic acids:

1. Conditions were sufficiently reducing 1o fullv dechlorinate cis-1,2-DCE, ' l \

b.  Effects of microbial surfactants that are released into the
formation: and

¢.  Equilibration of solvents between the pre-existing carbon mass
and the much larger injected carbon mass.
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3. Degradation of ¢is-1,2-DCE accelerated after dissolved organic carbon (DOC)
concentrations exceeded 700 mg/L;

4. DOC waveled at a Darcian velocity roughly one-third of the groundwater flow
velocity.

»  Contaminant reductions and the sequential nature of the degradation processes are
summarized in figures presented in Appendix E. PCE and TCE degradation effects
begm quickly, yielding a buildup of ci1s-1,2-DCE. Degradation of cis-1,2-DCE
proceeded rapidly when DOC levels peaked at 750 mg/L. The increase in total
alkenes 15 a result of enhanced reductive dechlorination-induced desorption
processes that draw PCE. TCE and cis-1,2-DCE from sorption sites in the aquifer.
The half lives of PCE and TCE are quite low when this occurs and their presence is
not observed m aqueous-phase analyses. Their degradation by-products, cis-1,2-
DCE and ethene, have longer half-lives at low ORPs so they linger in agueous
phase. 1t1s also very important to note that degradation of ¢is-1,2-DCE did not

result in a buildup of vinyi chioride. while the more degraded product, ethene was A

observed to accumulate. This is a very positive result of the interim measures.

Enhanced reductive dechlonnation can be considered a viable technology at this site
and conunued implementation should result in the desired reduction of VOO
concentrations.

4.3 Oxidation Area Implementation and Resuits

In-situ oxidation was selected as a corrective measures technology for testing in the
primary source area at AO1 7, to reduce VOC mass in the upper aquifer above the
upper clay till in a relatively short period of time. The oxidation testing at AOI 7 was
designed to provide the information necessary to support full-scale implementation of
the oxidation technology, while reducing the mass of VOCs in the source area. This
section provides an overview of testing activities, a presentation of the data, and an
evaluation of results.

4.3.1 Oxidation Testing Well Netwark
In August 1999, six stainless steel wells intended for oxidation testing were installed.

Three oxidation wells (OW.1, OW-2, and OW-3) were installed in oxidation area |
{OA-1), at the location of the former o1l house (south of the existing pump house). An
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additional three wells, OW-4, OW-3, and OW-6, were installed in oxidation area 2
(OA-2), in the vicinity of the existing Moraine Engine tank farm. An example
introduction point construction detail is presented in Appendix F (Figure F-1). Refer to
Figure 4-4 for the location of the oxidation areas and Figure 4-1 for the location of the
wells within OA-1. Two cross-sections showing site lithology were developed 10
provide additional detail within OA-1 using recent and historical soil boring
information. Figure 4-19 shows the lines of the cross-sections and Frgures 4-20 and
4-21 present the localized cross-sections for the injection area.

After reviewing the laboratory analytical resuits for groundwater samples collected at
OA-2 during the September 1999 baseline event, it was determined that oxidation
testing would be delayed in this area for several reasons. First, the baseline
groundwater analytical results obtained from OW-4, OW-5 and OW-6 indicated
concentrations that differed from the hydropunch groundwater data collected for this
area during the RFI investigation. The concentration of chlorinated VOCs (PCE, TCE)
was lower than anticipated, and a significant source of non-chlorinated VOCs
(benzene. toluene. ethylbenzene, and xylenes [BTEXY) was encountered. These
lindings were inconsistent with the conceptual model previously developed for this
area. and therefore, 1t was decided that the remedial strategy for QA-2 needed to be
reevaluated. During this re-evaluation, oxidation testing began on OA-1 and GM
announced 1ts decision to close the Morame Engine plant in 2000. Upon closure of the
Moramne Engine plant. the existing tank farm and pump house will be dismantled. The
Moraine Engine plant closure 1s currently underway with structure demolition to be
compiete in the spring of 2001, However, GM also announced the re-development of
this area for new car storage and loading. including the instailation of new railroad
tracks for storage and loading/unloading.

The oxidation testing was conducted at OW-1, OW-2, and OW-3. within OA-1 area.
Oxidation test groundwater monitoring was conducted at the oxidation wells and
monitoring well GM-23, which 1s located in the center of the test area. The oxidation
wells have five foot submerged screens, completed approximately 6-inches into the
upper clay till (Figure F-1 in Appendix F). GM-23 was constructed with a 10-foot
screen spanning from the top of the upper clay till, the water table (under normal
conditions) and the capillary fringe. Momtoring was not performed at GM-27, since
this well is screened below the upper clay till. The following section describes the
progression of the testing that was performed in a step-by-step approach so that safety
and oxidation efficiency concerns could be addressed.

— T > A0 O
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4.3.2 Progression of Oxidation Testing

The oxidation testing was conducted in three parts; Preliminary Test 1, Preliminary
Test 2, and a phased-oxidation test (PhaseOx test). The three tests are summarized
below and detailed descriptions of the test procedures including equipment layout
figures are provided in Appendix F. Table 4-39 presents a summary of the volume of
mjected chemicals. Figures 4-27 and 4-23 present the oxidation test conceptual mode!
and the total injected chemical volumes on a site cross-section for the Phase-Ox test
(hydrogen peroxide injection and Fenton’s reagent injection, respectively).

Procedures were modified as the testing progressed, in response to observed oxygen
and temperature levels, and rates of contaminant reduction. These modifications were
undertaken to maximize project safety and 1o improve effectiveness of the technology
application,

4.3.2% Preliminary Test T (September 8, 9, and 10, 1999)

Test 1 was comprised of alternating myections of ferrous sulfate and hydrogen peroxide
solutions using injection equipment per Figure F-2 in Appendix F. Ferrous sulfate was

ingected at 50 percent saturation, and hydrogen peroxide was injected at successively
increasing concentrations (at 5. 10. and 20 percent) mto OW-1. A total of 750 pounds
(1bs) of ferrous sulfate and 200 gallons of hydrogen peroxide (corrected to 100% H,0,
were injected {Table 4-39} into OW-] on three consecutive days. The chemicals were
mjected separately rather than simultaneously to address safety concerns associated

with aboveground mixing of chemicals or the potential for a run-away reaction heneath

the surface of this active area of the facility. In additon, the hydrogen peroxide was
first mjected at low concentrations until the safety hazards (i.e. high temperatures,
pressures, and oxygen levels) were betier understood.

‘The Fenton's reaction is typically run at solution pH levels between 3 and 5. This
maximizes regeneration of ron, which is an essential participant in the reaction
sequence. Receni literature reports indicate that the Fenton's reaction can proceed
etfectively at ngher pH levels. in the presence of sufficient iron in the soil. Because
the mgh-carbonate aquifer formation at the Moraine site rapidly titrates any mnjected

)

interim Measures/Corrective
Measures Report

Genera!l Motors Corporation
Moraine, Ohio

— T > A0 O

reaction mixture to pH levels above the 3 to 5 range, an objective of the first test was to

determine the effectiveness of the oxidation at this site without pH adjustment. Tron
was pre-placed i the formation by pumping in the ferrous sulfate solution. which was
followed by hydrogen peroxide injection. Before and after each day of Preliminary
Test 1, groundwater samples were collected from the injection well and nearby wells
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for analysis of VOCs. Field parameters (pH, ORP, temperature, conductivity, and
DO), water level measurements, photoionization (PID) readings, and field test kit data
were collected from the surrounding wells throughout the testing.

4.3.2.2 Preliminary Oxidation Test 2 (December 2, 1980}

Preliminary Test 2 consisted of the simultaneous injection of a ferrous sulfate solution
and a pH-adjusted hydrogen peroxide solution into OW-3 using injection equipment
per Figure F-3 m Appendix F. A total of 340 Ibs of ferrous sulfate and 51.8 gallons of
hydrogen peroxide were injected (Table 4-39). Because the aquifer soils rapidly titrate
acidified solutions to higher pH. a reagent mix injected in the pH 3 to 5 would be
pushed above that range within a very short distance from the point of injection.
Instead, the hydrogen peroxide component of the reagents was acidified with a 10%
sulfuric acid solution, to bring the final, combined reagent mixture to a pH of 1. As the
solution was pushed through the formation, 1t was utrated into the effective range for
the Fenton's reaction, and the effective radius of the chemical reaction was extended.

Another eftect of the low-pH reagent mixture was displacement of the most ageressive
oxidation away from the injection hardware. This reduced the reaction backpressure
exerted on the well system. improving system safety.

Before and after Preliminary Test 2, groundwater samples were collected from the
jection well and nearby wells for analysis of VOCs. In addition. the same field water
quality parameters, water level measurements, PID readings, and field test kit data
were collected from the surrounding wells throughout the test.

4.3.2.3 PhaseOx Testing (April and May 2000)

Phased oxidauon testing (PhaseOx) was conducted in April and May of 2000 at OW-1,
OW-2 and OW-3. Because oxidant reactions with otis and other non-chlorinated
compounds occur very rapidly relative o reaction rates for oxidation of chlorinated
alkenes, the non-target organics are aimost entirely oxidized before target compounds
such as PCE and TCE come under oxidant attack. Phased oxidation attacks oils and
other non-target organic compounds with low-cost oxidant mixtures, to unprove the

— T > 0O U

efficiency of the more costly Fenton's reagent mixture.
Part | of the PhaseOx approach mvolved the introduction of 196, 552, and 316 galions

of hydrogen peroxide (a moderate strength oxidant) into the aquifer via oxidation wells
OW-1. OW-2, and OW-3, respectively. The hydrogen peroxide was diluted with
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potable water to a 17.5 percent solution prior to injecting. The objective of Part I was
to oxidize non-target compounds and thereby overcome the aquifer’s reductive poise.

Part 2 of the Phase Ox testing consisted of the injection of ferrous sulfate and pH
adjusted hydrogen peroxide (Fenton’s reagent) simultaneously. The objective of Part 2
was 1o create the hydroxyl radical (a high strength oxidant) to oxidize the target VOCs
(specifically PCE and TCE). During Part 2, approximately 210 and 175 gallons of
hydrogen peroxide, and 1,378 and 1,125 pounds of ferrous sulfate (diluted with potable
water} were injected mto OW-1 and OW-2, respectively (Table 4-39). The
simultaneous injection of chemicals using the acidified hydrogen peroxide procedure
used m Preftminary Test 2 was also used for Part 2 of the PhaseOx testing (Figure F-3
in Appendix F).

Before PhaseOx Part 1, between PhaseOx Part 1 and PhaseOx Part 2, and after
PhaseOx Part 2, groundwater samples were collected from the injection well(s) and
nearby wells for analysis of VOCs. Field water quahty parameters and water level
measurements were collected from the monitoring wells throughout the testing.

Prior to PhaseOx Part 1, five vadose zone pomts (VP-1 through VP-3) were installed
(Figure 4-19) to a depth of 15 or 20 {t bls and at a distance of 5 or 10 £ from the
injection wells. The purpose of these vadose points is to provide subsurface pressure
and temperature relief by allowing gas to flow from the point of the reaction through
the vadose point to the atmosphere.

During the mnstaliation of three vadose points (VP-1. VP-3, and VP-3), soil samples for
TOC analysis were coliected from both the saturated sand and gravel and the upper
clay tll (Table 4-40). In addition., two borings (VP-3A and VP-5A) were installed
adjacent to VP-3 and VP-5 to collect soil samples for TOC analysts following PhaseOx
Part 1. The purpose for the mnitial TOC sampling was to provide data to determine the
reductive poise and adsorption capacity of the aquifer. The purpose of the follow-up
TOC sampling after PhaseOx Phase 1 was to determine if a reduction of TOC due to
hydrogen peroxide oxidation had occurred.

— T > 0 O

During the first week of PhaseOx Part 1, the off-gas was monitored using a Landtech
gas meter. The meter 1s capable of measuring the percent of oxygen. carbon dioxide,
and methene m a gas. The data from the first week of hydrogen peroxide addition
mdicated that the off-gas consisted of 95 to 100 percent oxygen. It was determined
that if the lugh concentration of oxygen remained in the subsurface, the potential for a
hazardous situation could occur during future construction at the site. Therefore, to
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address this concern, an explosion proof, 1.5 horsepower, blower was installed at VP4
(centrally located among the oxidation wells). The blower was operated for the
remainder of PhaseOx Parts 1 and 2. Blower influent air (consisting of reaction gas
diluted with soil gas) was monitored using the gas meter. In addition, the gas
emissions from the oxidation wells and GM-23 (which have submerged screens during
oxidation testing) were monitored to provide data representative of reaction gas only.

4.3.3  Summary of Test Results

A summary of the results from the oxidation testing is presented in the following
sections and on Tables 4-41 and 4-42, and on Figures 4-24 through 4-28. Additional
raw data is presented in Appendix F.

4.3.3.1 VOC Laboratory Analytical Data

The VOC analytical results are included in Table 4-42 and presented in Figures 4-24
through 4-27, The following generalizations can be made based on the laboratory
anaivtical data.

=  VOC concentrations m the oxidation wells OW-1 and OW-3 decreased (after 1
day) then rebounded (afier 2 weeks) following Preliminary Test 1 and Preliminary
Test 2 (Figures 4-24 and 4-26). The resultant rebound concentration was greater
than the pretest concentration. The initial decrease 15 thought to be a result of
dilution and oxidation, while the rebound effect 1s a result of two processes: (1)
groundwater was entering the area from upgradient and (2) non-target organic
carbon was being destroyed via oxidation resulting in a transfer of contaminants
from the sorbed phase to the agueous phase.

= Minimal rebound of VOC concentrations was observed two weeks (at OW-1,
OW-2, OW-3 and GM-23) and 4 months (at GM-23) following the PhaseOx
testing. likely indicating that the majonity of the VOC mass (dissolved and
adsorbed) was oxidized.

— M > A0 O

»  Minimal changes in PCE and TCE were observed at GM-23 during and two weeks
following the three oxidation tests (Figure 4.27). The persistence of PCE and TCE
may be a result of the high adsorptive capacity of the silty/clayey sand observed
during the installation of GM-23 (Figures 4-20 and 4-21). A second possible
reason may be due to the difference in monitoring depth versus mjection depth
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since GM-23 is screened throughout the saturated zone while the oxidation wells
are screened only in the bottorn 4 to 4.5 fi.

« PCE and TCE concentrations at GM-23 decreased 40 to 60 percent, four months
following the oxidation testing compared to previous data (Figure 4-27). This
change was likely due to the aquifer returning to equilibrium conditions as a
portion of the remaining PCE and TCE reabsorbed into the soil structure. The
reduced equilibrium concentrations indicate a net reduction of PCE and TCE mass
{in soil and groundwater) in the vicinity of GM-23.

4.3.3.2 TOC Laboratory Analyticat Data

The results of the inittal TOC data, indicated relatively high concentrations of TOC in
the saturated sand and gravel and very high concentrations of TOC in the upper clay
till. The TOC data was used to estimate the aquifer’s reductive poise or capacity to
reduce an oxidizing agent. A sample calculation for determining the aquifer’s
reductive poise and the volume of hydrogen peroxide required to overcome the
reductive poise is included in Appendix F.

The results of the follow up TOC data mdicated that much of the TOC still existed
withm the both the saturated sand and gravel and the upper clay till, despite the
quantity of hydrogen peroxide injected during PhaseOx Part 1 (Table 4-40).

4333 Geochemical Laboratory Analytical Data

The geochemical analytical results are included in Table 4-41 and presented in F igure
4-28. The following generalizations can be made based on the laboratory analytical
data.

= Sulfate increased m all the wells indicating a reasonable injection radius of
influence by the injection of ferrous sulfate.

= Total rron decreased in wells where oxidation was not conducted (GM-23 and
OW-2 prior to PhaseOx). This mdicated that hydrogen peroxide likely reacted
with the natural iron present at these weils resulting in some gratuttous production
of hydroxyl radical and ferric iron which becomes less mobile. Total iron
increased in wells used for oxidation via Fenton’s reagent, as expected.

interim Measures/Corrective
Measures Report
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=  Drssolved TOC decreased significantly following Pretiminary Test 1, indicating
that the TOC in groundwater was oxidized first.

= Carbon dioxide, a product of the oxidation of organic compounds, generally
mcreased i all the wells,

4.3.3.4 Field Water Quality Paramelers and Groundwater Elevation Data

Data trends based on the water quality parameters collected in the field are presented in
Figures F-5 through F-8 in Appendix F. The following generalizations can be made
based on the data.

42711 pH

The pH m all the wells decreased (to approximately 5.5 to 6.5} during injection of pH
adjusted hydrogen peroxide to create Fenton's reagent (Figure F-5 in Appendix F).
The pH was approximately 7 during baseline sampling and the injection of hydrogen
peroxude alone (PhaseOx, Partl).

42712 Specific Conductivity

Specific conductivity increased dramatically 1n the oxidation wells during PhaseOx
Part 2 as expected due to the injection of ferrous sulfate (Figure F-6 in Appendix F).
Specific conductivity doubled in monitoring well GM-23 indicating a reasonable
njection radius of influence.

42713 Redox Potential

Baseline redox potential at the oxidation wells (screened immediately above the upper
clay till only) ranged from -500 to -100 indicating highly reducing conditions (Figure
F-71n Appendix F). Baseline redox potential at GM-23 was notably higher, at +120,
which indicated different aquifer conditions. A geologic cross section of the test area
depicting why these conditions may differ is given in Figure 4-20.

— T > 0 U

Redox potential generally increased to an approximate range of 200 to 400 mV and
then decreased shghtly duning PhaseOx. Part 2. The increase in redox potential
indicates that the hydrogen peroxide was gradually overcoming the reductive poise of
the aquifer.
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4.2.7.14 Dissolved Oxygen

An obvious increase in DO can be interpreted from the data especially in the beginning
of the testing, but due to the multiple nterferences that the dissolved oxygen probe
may detect in a chemically rich environment. no evaluation will be completed for DO
(Figure F-8 in Appendix F,

4.2.7.1.5 Groundwater Elevation Data

A substantial increase in the groundwater elevation was observed during the injection
of both hydrogen peroxide and Fenton's Reagent. The rise in the water table is a result
of the reaction producing gas that displaces the groundwater. An injection radius of
nfluence greater than 25 {t was observed based on the groundwater elevation data.
The greatest rise was observed during PhaseOx Part 1. Figures 4-22 and 4-23 present
the rise of the water table on the site cross-section for Phase Ox Part 1 and 2,
respectively.

4.3.3.5 Fieid Off-Gas Moniioring Parameters

The results of the off-gas monitoring data are presented in Figure 4-22 for PhaseOx
Part 1 and Figure 4-23 for PhaseOx Part 2. These figures present a conceptual model
of the off-gas recovery system that was used duning the Phase Ox test. In addition,
Figures F-9, F-10. and F-11 in Appendix F present plots of the available oxygeh
mjected compared 1o the oxygen and carbon dioxide emitted for one day during
PhaseOx Part 1 and two days during PhaseOx Part 2.

Reaction gas diluted with soil gas was extracted and monitored at VP-4, Oxygen in the
off-gas ranged from 33 to 56 percent durme PhaseOx Part 1 and 20 1o 29 percent
during PhaseOx Part 2. Carbon dioxide in the off-gas ranged from 0 to 1.7 percent
during PhaseOx Part [ and 0 to 8 percent dunng PhaseOx Part 2. Reaction gas
produced and capture below the displaced water table was monitored in GM-23 and the
oxidation wells. Oxygen at GM-23 ranged from 95 to 100 percent during PhaseOx
Part 1 and 50 to 75 percent during PhaseOx Part 2. Carbon dioxide at GM-23 ranged
from 0 to 5 percent during PhaseOx Part | and 25 to 43 percent during PhaseOx Part 2.
The oxygen and carbon dioxide concentrations were generally less in the oxidation
wells but this may be due 10 atmosphenic dilution since it appeared that less gas flow
was emitted from these wells,

— M > A0 O
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The off-gas oxygen concentrations were higher during PhaseOx, Part 1, than i Part 2.
This suggests that a large portion of the mjected hydrogen peroxide was lost to the
disproportion reaction. However, evaluation of the target compound reductions
indicated that PhaseOx Part 1 was, itself, very effective in attacking target compounds.
Because OW-2 did not receive iron injections during Preliminary Tests 1 and 2, it can
be conclude that there was sufficient iron in the aquifer formation to promote high-pH
development of the hydroxyl radical from injected hydrogen peroxide.

428 Conclusions

In-situ oxidation substantially reduced all chlorinated alkene concentrations in the
lower portion of the upper aquifer m AO!I 7, Oxidation Area 1, represented by
oxidation wells OW-1, OW-2 and, OW-3.

Total chlorinated alkenes were reduced only 40 percent in nearby monitoring well
GM-23, and general chemical parameters indicated that the oxidant had a limited effect
on this well, despite the well’s proximity to the oxidant injections.

remedial objectives. simphfying the reagent handiing process. Full Fenton’s reagent
may be required in some areas. and should be maintained as a spot-treatment
coniingency.

Observanons of well hydraulics and pre-treatment oxidation levels suggest that GM-23
1s most representative of a conductive aquifer stratum at the top of the upper aguifer,
and little water 15 entering the well from the deeper portion of the screened interval,
The upper aquifer can be treated by in-situ oxidation to achieve remedial objectives in
the AOL7 area. although injections should be directed into both the top and the bottom
of the formation.

The total oxidant injected to achieve the observed reductions in target compounds
matched the amount needed to quench the reductive poise generated by 3,000 mg/kg
TOC.

PhaseOx Part 1 results indicate that injection of hydrogen peroxide, alone, can achieve A

in-situ oxidation can be considered a viable technology at this site and continued
implementation should result m the desired reduction of VOO concentrations;
however, special considerations of safety concerns assoctated with technology
implementation will be required.
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5. Recommended Final Corrective Measure Alternative

The primary purpose of this IM/CM report is to present a summary of the RFI results, a
summary of existing mierim measures, and an evaluation of corrective measures
technologies that would be applicable for the site. GM believes that the ongoing
capture zone interim measures and the AOl 7 interim measures previously described
are capable of effectively addressing the VOCs in groundwater at the Moraine
Facilines. Therefore, GM recommends that the capture zones and in-situ remediation
of groundwater combined with institutional actions will be the final corrective measure
alternative for the Moraine site. This site-wide alternative is protective of human
health and the environment by reducing the toxicity, mobility, and volume of waste
through treatment; will address the short-term and long-term goals for the site (Section
1.6.2). will meet the mterim measures/corrective measures objectives (Section 1.1);
and will be cost effective.

g The components of the final corrective measure alternative are as follows;

* Capture Zone Corrective Measures: GM will continue to operate TW-2 and
DN-13. .

¢-®  Reactive Zone Corrective Megfsures GM will continue to operate and expand
RZ-1, and continue to operate. R7-3 - Withine RZ-2, futire railroad expansion and
Lonqructzon mll ehliminate access, o the ME sm“a@@ wells; therefore (}z\i
recommends ha?*mg: carb@n source so]uno;; \WU’OCIBQHOT]S aﬁd abandonmg wells
ME-1 through ME> 6 when aca{,ss 15 nﬂ lons_er‘maﬂaﬁle Once® s:onstmctx(m is

=,

complete, GM will m%{all appr ofmate rcpégc,emem mom\&rmg: m,’f%s .
'\

*  Site-Wide Groundwater Monitoring: GM will continue to monitor groundwater
quality m order to monitor effectiveness of the capture zones and reactive zones
and determine when active corrective measures have met the RTLs within the
ronitoring zones defined in Section 2.0,

— T > X0 O

* Institional Actions: GM will implement deed restrictions to prevent
mnappropriate use of the site and monitor use of groundwater by the GM facilities
and implement access restrictions to the site property.
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The existing capture zones include a combination of groundwater extraction from TW-

2 1n the upper aquifer and DN-13 in the lower aquifer and treatment of VOCs in upper
aqutfer groundwater through an air stripper tower and discharge through an NPDES
permit to the Great Miami River (Section 3.1). These systems are already in place and
wil] remain in operation until the appropriate RTLs and corrective measures objectives
have been met and the site-wide monitoring confirms that corrective measures
objectives have been met.

Reactive Zone Corrective Measures

As discussed in Section 4.0, both enhanced reductive dechlornation and in-situ
oxidation (creation of Fenton's reagent) were successfully implemented at the site and
are effective at remediating chlorinated VOCs. Due to ongoing redevelopment of the
Morame Engine property, m-situ oxidation would not be a viable option. Therefore,
(M recommends the selection of enhanced reductive dechloriation with some
modtfications to the existing reactive zones as a component of the final site-wide
remedy 1o address the chlormated VOCs in the groundwater plume emanating from
AOL7.

*  Within RZ-1, GM wiil expand the aerial coverage of the zone through the
addittonal mnstallation of RZ wells along the western side of AQL 7, parallel to the

railroad tracks. Groundwater flows to the southwest and the upper clay till pinches

out west of AOL7; therefore, this modification will allow RZ-1 to more effectively
remediate groundwater emanating from AOI 7. GM will install between § to 12

RZ wells. depending on accessibihity to the area. Once nstalled, the carbon source

solution {molasses and potable water) introductions will contimue within the
expanded RZ-1 area. Solution volumes and concentrations and introduction
frequencies will be evaluated and adjusted as necessary.

= Within RZ-3, GM recommends continuing mtroduction of the carbon source
solutions into the existing wells at RZ-3West (north of Landfill L1) and RZ-3East
(in the overflow parking lot). Solution volumes and concentrations and
mtroduction frequencies will be evatuated and adjusted as necessary.

— T > 0 O
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Stte-Wide Groundwater Monitoring

A key component of the final remedy will be the site-wide groundwater monitoring
program. The objectives of this program will be to:

»  Monitor groundwater quality upgradient and downgradient of Landfills L1, L2, and
L3; the North and South Setthng Lagoons: and the Waste Pile/Staging Area;

= Monitor groundwater in the upper and lower aquifers at the southern, downgradient
property boundary to assess the need for continued operation of TW-2 and DN-13;
and

= Monitor the effectiveness of enhanced reductive dechlorination downgradient of
the reactive zones and across the site.

The upper and lower aquifer wells to be mcluded in the site-wide groundwater
momtoring program, the sampling frequency, and the list of parameters to be analyzed

are presented in Table 5-1. As discussed in the Site-Wide Groundwater Monitoring E

Plan, an annual report will be prepared and submitted to the U.S. EPA. The annual
report will include a discussion of field activities (groundwater sampling, corrective
measures, water-level measurements) and a presentation of analytical results
(ARCADIS Geraghty & Miller, Inc. 2000d). Data evaluation and any
recommendations for changes to the corrective measures, RTLs, or site-wide
groundwater monitoring pian will be included in this annual report. This report will
replace the annual capture zone monitoring report which s currently required to be
submutted by GM (corrective measures at TW-2 and DN-13).

Institutional Actions

Institutional actions are an important component of the final remedy to ensure long-
term protectton of human health and environment under the current industrial land use.
Property deed restnictions placed on the land-based units, landfills and lagoons, will
prevent non-industriai use of this land and prevent exposure for long-term management
of these units. Property deed restrictions placed on groundwater at the site will prevent
Its use as a potable water supply for the facilities. These controls are m addition to
existing state regulations governing development and use of groundwater for a potable
water supply and local zoning of the land use at and surrounding the facilittes, Deed
restrictions are administratively implementable and require the filing of notices with
the Moraine Office of the Recorder. Access restrictions will also be maintained to
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limat the potential for direct human contact. The access restrictions already in place at
the facility include the site-wide perimeter fence and 24-hour security.
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Table 1-1. Water-Level Measurements During September 1999, General Motors Corporation,
Moraine, Ohio.

Measuring Point Depth-to-Water Water-Level

Well Elevation (feet) Elevation
Shallow Aguifer Wells
W-I-N 739.02 34.03 704.99
W-2-N 731.68 27.47 704.21
W-3-N 33.66 2038 704,08
W-4-N 731.63 27.54 704.09
HR-1 732,71 30.44 702.27
HR-2 734.75 30.61 704.14
HR-3 736.75 32.65 704.10
HR-4 742.6 37.80 704 80
HR-5 734.27 30.63 703.62
HR-6 732.66 29.9] 702.75
HR-7 731.73 28.10 703.63
HR-8 74342 38.22 765 .20
HR-9 74351 37.77 705.74
~ HR-11 743.33 37.62 70571
- HR-16 727.01 2532 701.69
 HR-17 726.43 2450 701.93
W-1-§ 72929 27.26 702.03
W-2-§ 726.64 25.64 701.00
W-3-S 33.42 32.46 700.96
W-4-§ 727 6% 26.69 700.99
GM-2 | - 735.%] 34.90 700 91
48 731 .36 30.75 700.61
GM-6 73027 30.10 700.17
GM-§ 3317 34.63 70054
GM-10 723 9 23.99 699.91
GM-16 7253 25.04 700.26
GM-17 723.84 23.56 700.28
GM-18 7238 23.60 70020
GM-198 730 45 29.90 700.95
EAST 730.9% 29.12 761 .86
WEST 731.08 2936 701.72
WSU-24 7251 2432 700.78
TW-2(1) 733.38 36.52 696.86
GM-2] 7242 23.75 701.26
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Table 1-1. Water-Level Measurements During September 1999, General Motors Corporation.
Maraine, Ohio.

Measuring Point ~ Depth-to-Water Water-Level

Well Elevation {feet) Elevation
GM-22 72828 2621 702.07
GM-23 730.99 26.50 704 49
GM-24 747.29 40.92 706.37
GM-23 746.17 41.89 704.28
GM-26 722.29 2284 699 45
GM-27 730.59 2621 704.38
GM-28 729.19 2539 703.80
GM-29 730.78 26.56 704.22
GM-30 732.33 27.60 704.73
GM-31 728.20 26.00 702.20
GM-32 NM NM NM
ME-1 728.06 25.80 702.26
ME-2 7284 26.16 702.24
ME-3 728 09 25 90 702,19
ME-4 728 31 26.19 702.12
ME-5 728.29 26.52 701.77
ME-6 728.34 26.10 702.46

Deep Aquifer Wells

GM-i T35.74 35.14 700.60
GM-3 730 44 3041 700.03
GM-4 : 73146 31.45 700.01
GM-5 731.29 31.05 700,24
GM-TR 73561 35.06 TO0 53
GM-9 724.067 24.60 699 47
GM-11 723714 2440 699 31
OM-13 723 82 25.08 6U8 74
GM-14 7233 24.90 698.60
GM-15 725.23 26.60 698 .63
GM-19D 73025 2943 T00.80
GM-20D 727 26 26.66 700.60
HR-10 742 .81 37.08 705,73
HR-12 742 64 36.92 70572
HR-13 735.03 31400 T04.03
© HR-14 731.63 27.68 7395
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© Table 1-1. Water-Level Measurements During September 1999, General Motors Corporation,
Moraine, Ghic.

Measuring Point  Depth-to-Water Water-Level

Well Elevation {feet) Elevation
FIR-15 733.74 2690 703 84
M73C 716,55 17.17 699 38
MTo% 746 45 4318 T03.27
MT&Y 722,71 2343 699 28
MT376M ' 751 .46 46.03 705,41
MT3596M* 75773 30.96 T706.77

Production and Fire Wells

1A 744,93 NA NA
12A 74235 NA NA
5 73144 NM NM
733.67 NA NA
734,05 NA NA
73210 NA NA
733.96 32,30 701 .66
73124 NA (bolted shut) NA
732.07 NA NA
731.62 NA NA
734.62 NA NA
731.03 30.23 TO0.78
73334 32.46 7088
A 739.00 34.55 704.43
FW-1A 73989 NM NM
FWw-2 737 48 34.00 703 48
FW-3 739.26 35.90 703.36
FW-4 73162 3010 701.52

Water-level elevations are reported i feet above mean sea level {msl).

Depth-to-water clevations were measured on Septemberl3. 1999 using an electronic water level
mdicator.

Depth-to-water measurements are reported in feet below the measurmg point.

I. TW-2 is an active recovery well.

NA - Not accessible.

NM - Not measured. “Measuring point is top of cement housing,
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ARCADIS ceracHTY R MILLER

Table 4-1.  List of Wells Sampled for the Baseline, 3-Month, and 6-Month Sampling Events, General Motors
Corporation, Moraine, Ohio.

Site-wide Baseline Groundwater Sampling

Appendix IX VOCs and cis-1,2-DCE and field parameters will be analyzed during the baseline sampling
event from the following list of upper aquifer monitoring wells while biogeochemical parameters (Table 4-2)
wili be analyzed at wells denoted with an asterisk(*):

W-1-N HR-9 GM-10* GM-22%
W-2-N HR-11 GM-16* GM-23%*
W-3-N HR-16 GM-17# GM-24
W-4-N HR-17 GM-18 GM-25
HR-1% W-1-8% GM-1958* GM-26
HR-2 W-2-S EAST* GM-27*
HR-3* W-3-5 WEST* GM-28%*
HR-4 W-4-§ WSL-24 GM-29%
HR-3 GM-2% ME-1* GM-30%
HR-6 48% ME-3* GM-31%
HR-7 GM-6* ME-6%* GM-32*
HR-8 GM-g* GM-21%

Appendix 1X VOCs and ¢is-1.2-DCE and field parameters will be analyzed during the baseline sampling
event from the following ist of lower aquifer monitoring wells:

HR-10 GM-1 GM-9 GM-19D
HR-12 GM-3 GM-11 GM-20D
HR-13 _ GM-4 . GM-13 MTao
HR-14 GM-5 GM-i4

HR-15 GM-7R GM-15

Appendix IX VOCs and ¢is-1.2-DCE. field parameters and biogeochemical parameters (Table 4-2) will be
analyzed during the bascline sampling event from the foliowing {ist of injection/introduction wells:

0A-1 0A-2 RZ-1 RZ-3

OwW-| OW.4 RZ-1A RZ-3E RZ-372 RZ-3pPP
OwW.-2 OW-3 RZ-1G RZ-3L RZ-3FF

OW.3 OwW-6 RZ-3T RZ-3KK

DRAFY
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ARCADIS crracHyamiLER

Table 4-1. List of Wells Sampled for the Baseline, 3-Month. and 6-Month Sampling Events, General
Motors Corporation, Moraine, Ohio.

3-Month and 6-Month Groundwater Sampling

Appendix IX VOCs and cis-1,2-DCE, field parameters, and biogeochemical parameters ( Table 4-2) will be
analyzed during the 3-month and 6-month sampling events from the following upper aquifer monitoring

wells:

HR-1 GM-16 GM-27 EAST ME-6
HR-3 GM-17 GM-28 WEST

GM-2 GM-19§ GM-29 45

GM-6 GM-21 GM-30 W-i-8

GM-8 GM-22 (GM-31 ME-1

GM-10 GM-23 GM-32 ME-3

Only the Appendix IX VOCs and ¢is-1.2-DCE. field parameters and biogeochemical parameters (Table 4-2)
will be analyzed during the 3-month and 6-month sampling events from the following list of
injection/introduction wells:

OA-1 0A-2 RZ-1 RZ-3

OW-1 OW-4 RZ-1A RZ-3E  RZ-37 RZ-3Pp
OW-2 OW-5 RZ-1G RZ-3L.  RZ-3FF

OW-3 OW-6 RZ-3T  RZ-3KK
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ARCADIS crragHTY R MILLER

Table 4-2. Field and Laboratory Analytical Procedures for Groundwater, General Motors Corporation,
Moraine, Ohijo,
Parameters Method Number Procedure
Appendix IX VOCs and ¢is 1.2-DCE Method 8260 Laboratory(3)
Dissolved Oxyeen (1) Field
Reduction/Oxidation Potential () Field
pH (1 Field
Specific Conductance (1) Field
Nitrate Test Kit Field
Nitrite Test Kit Field
Nitrogen. Ammonia SM350.1 Laboratory(3)
Manganese (Total) Method 6010A Laboratory(3)
Manganese (Dissolved) Method 6010A Laboratory(3)
Iron (Total Method 6010A Laboratory(3)
tron (Dissolved) Method 6010A Laboratory(i”)
Iron (Ferrous) Test Kit Field
Sulfate SM 375.4 Laboratory(3)
Sulfide SM 376.1 Laboratory(3)
Total Organic Carbon SM S310B Laboratory(3)
Chlorides SM 3253 ‘Laboratory(3)
Light Hydrocarbon Scan (Ethane. Ethene) Method AM18G(2) Laboratory(4)

Permanent Gases (Carbon Dioxide. Oxygen.
Nitrogen. Methane and Carbon Monoxide)

Method AM15.01G(2)

Laboratory(4)

Method
SM
(h
{2}

{3}
{4)

cis-1.2-DCE

Vs

DRAFT

Reters to U.S. Environmental Protection Agency SW 846.
Standard Methods for the Evaluation of Water and Wastewater, {8th Edition, 1992,
Field parameters to be collected using a down-well or a flow-through meter.

Method numbers are laboratory-specific and developed for monitoring natural attenuation

projects.

TestAmerica. Inc. - Dayton Division.
Microseeps. Pittsburgh. Pennsvivania.
cis-1.2-Dichloroethene.

Volatile organic compounds,
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ARCADIS GERAGHTY & MILLER

Table 4-31. Bioattenuation Parameter Results for Groundwater Samples Collected in Reactive Zone 1, General Motors Corporation, Moraine, Ohio,

Upgradient Well Introduction Well Introduction Well Downgradient Well
GM-29 RZ-1A RZ-1G GM 28

Constituents Units 9/1/99 2/22/60 5/26/00 9/21/00 9/29/99 2/22/00 5/26/00 9/29/99 2/22/00 5/26/00 9/1/99 223000 | 526/00 9/21/00
Inorganics & TOC X
Nitrate mg/] 0 0 0 NA 0 NA NA G NA NA 0.08 6 0 NA
Nitrite mg/1 0 0 0 NA 0 NA NA O NA NA 0.06 0 0 NA
Nitrogen, Ammonia mg/1 (.30 <0.30 <0.30 NA <0.30 39.0 379 <0.30 281 361 <(0.30 <0,30 0.68 NA
Manganese (Total) mg/1 0.552 G.136 0.35 0.248 0.422 18.7 978 0.227 23 150 32 1.15 6.26 4.1
Manganese (Dissolved) mg/l 0.13 0.101 0.177 0.125 0.203 13.2 10.7 0.168 19.9 14.9 0.068 0.449 6.71 3.94
Tron (Total) mg/l 18 1.43 10.1 8.48 6.78 566 374 <0.10 276 332 106 253 227 589
Iron (Dissolved) mg/1 0.24 0.13 2.78 3.09 <0.10 366 417 <0.10 234 3t <0.10 0.59 233 48.3
Iron (Ferrous) g/l 0.02 0 22 NA 0 NA NA 0 NA NA 0 0.03 2.6 NA
Suifate mg/l 90 126 31 29 61 508 140 63 199 35 89 43 <5 <5
Sulfide mg/l <4 <} <1 <1 <] <10 518 <t <10 2.33 <4 <1 <1 <l
Total Organic Carbon mg/1 18 11 22 <1 6 14,100 5550 12 7,640 3360 15 24 742 571
Chloride mg/ 254 426 508 373 397 1,560 1080 483 2,540 702 208 664 805 782
Permanent Gases
Carbon Dioxide mg/l 46.52 49.87 44.05 NA 16.96 999 .4 918.87 42.51 1096 643.31 41.52 63.57 16.31 NA
Oxygen mg/] 1.02 0.60 1.41 NA 8.23 0.20 0.17 5.03 0.26 <0.13 2.32 0.59 0.64 NA
Nitrogen mg/i 20.29 18.7 15.61 NA 14.51 7.13 6.19 13.85 5.82 4.33 19.42 16.29 19.82 NA
Methane mg/l 0.01152 0.007699 0.00017 1.62 0.004308 0.02551 0.88 0.001898 6.02337 259 0.002487 0.001832 0.21 1.70
Carbon Monoxide myg/t <0.40 <0.40 <0.40 NA NA <0.40 <0.40 NA <0.40 <(.40 <(0.40 <0.40 <0.40 NA
Light Hydrocarbon Scan
fithane ng/1 5641 1861 751 639 1218 1495 776 967 142 123 750 493 865 1198
Ethene ng/l 9769 1275 12098 441796 2438 1980 11737 1783 674 325 48 93 646 1794606
Field Parameters
pH S 6.99 7.02 6.86 7.24 7.24 5.76 548 6.78 545 5.55 7.02 6.92 7.01 7.18
Specific Conductivity umhos/cm 1302 3044 2388 1942 2033 28360 11895 3191 21151 7990 1359 3124 4402 4538
Dissolved Oxygen mg/l 033 0.51 0.45 344 0.82 2.84 4.32 0.12 364 6.45 6.95 1.45 2.52 6.78
Redox Potential mV -526.6 19.6 -105.4 -35.0 75 -118.4 -65.4 164.9 -18.3 -68.1 90.5 56.0 -63.7 -200.1
Temperature °C 17.8 16.9 17.97 17.64 1833 20.24 21.74 18.09 19.96 20.50 16.4 18.48 19.24 20.21

mg/l - milligrams per liter. mV - Millivolts.

S.U. - Standard Units, °C - Degrees Celsius.

Samples collected in September 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source imfroductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions.
Samples collected in September 2000 represent first annual conditions.

NA - Data not available, insufficient sample volume.

umhos/cm - Micromohs/centimeter. ng/l - nanograms per liter.

DRAFT



ARCADIS GERAGHTY & MILLER

Table 4-32. Bioattenuation Parameter Results for Groundwater Samples Collected in Reactive Zone 2, General Motors Corporation, Moraine, Ohio,

Introduction Well Intreduction Well Introduction Well Below Introduction Zone
ME-6 ME-1 ME-3 GM-31

Constituents Units 8/31/99 2/22/00 5/25/00 9/21/06 8/31/99 2/22/00 5/25/400 8/31/99 2/22/60 5/25/00 9/21/00 9/1/99 2723/00 5/31/00 9/21/60
Inorganics & TOC ) :
Nitrate mg/1 0.08 NA NA NA 13.2 NA NA 22 NA NA NA 0 : 0 0 NA
Nitrite mg/l 0.06 NA NA NA 0.333 NA NA 0.1665 NA NA NA 0 : 0 0 NA
Nitrogen, Ammonia mg/l <0.30 10.9 234 NA (.62 370 278 <0.30 310 12.6 NA 0.41 : <0.3 <0.30 NA
Manganese (Total) mg/l 0.502 4.19 1.44 0.46 0.5 2.40 2.23 0.016 0.870 1.16 0.556 7.45 0.53 0.899 3.603
Manganese {Dissolved) mg/l <0.010 3.60 1.34 0.436 1.493 1.93 1.06 <0Q.010 0.702 0.436 0.543 0.292 0.208 0.189 ¢.163
Iron (Fotal) mg/l 8.17 67.1 46.3 6.4 <010 96.6 134 <, 10 203 382 49 288 17.4 249 18.7
fron (Dissalved) mg/i <0.19 46.5 42.8 6.66 <0.10 63.4 204 <010 153 102 4.45 0.27 1.87 2.37 2.51
Iron (Ferrous) mg/l 0.02 NA NA NA O NA NA 0 NA NA NA 0 1.6 1.6 NA
Sulfate mg/l 139 111 34 91 143 41 16 152 60 34 87 118 103 131 103
Sulfide mg/1 <2 2.00 1.11 1.58 <] <1 1.52 <] 1.39 1.32 <] <4 <l 1.06 <1
Total Organic Carbon mg/l 9 1,560 374 35 2 985 219 | 162 69 4 176 4 12 <1
Chloride mg/l 182 350 302 196 177 467 324 136 208 235 184 240 249 259 221
Permanent Gases ‘
Carbon Dioxide mg/l 51.08 173.39 156.4 NA 4995 330.8 2478 57.26 183.76 83.52 NA 32.12 4658 38,89 NA
Oxygen mg/l 0.84 0.45 0.52 NA 1.27 0.40 .41 i.72 0.47 (178 NA 0.60 0.61 0.66 NA
Nitrogen mg/l 18.57 12.44 9.03 NA 19.14 10.6 332 16.44 13.39 13.0 NA 16,03 1979 23.03 NA
Methane mg/l 0.002063 0.56 12.2 .33 0.000627 1.11 15.6 0.000129 0.01088 9.68 06001226 0.6124 0.03339 0.G8016 0.04758
Carbon Monoxide mg/1 <{).40 <0.40 <0.40 NA <0.40 <(.40 <0.40 <0.40 <0.40 <040 NA <0.40 <0440 {040 NA
Light Hvdrocarbon Scan
Ethane ng/l ' 134 97 <5 134 a2 164 <5 10 73 138 47 2472 4550 9895 2507
Ethene ng/l 134 164 3508 3316 40 293 129 <3 109 96276 218 2285 1283 2439 413
Field Parameters
pH S.U. 7.02 6.64 6.58 7.00 7.03 6.19 6.49 6.96 6.75 6.89 7.15 7.25 7.19 7.03 7.30
Specific Conductivity umhos/cm 1424 4645 3118 1864 1383 5030 2580 1839 2305 1752 1509 1514 1786 1538 1580
Dissolved Oxygen mg/l 0.66 7.12 0.84 1.19 0.52 7.00 4.78 2.01 4,06 (1,59 1.1 1.61 (.39 0.81 1.71
Redox Potential mV 109.1 -85.8 -133.8 -200.6 108.4 -81.7 -157 8 809 -96.8 -136.7 -193.2 -328.2 -61.9 <737 ~188.5
Temperature °C 27.51 18.59 22.60 18.98 23.46 19.25 21.27 22 86 19.28 20.00 21.09 28.93 20.75 21.91 21.11
mg/t - milligrams per liter, mV - Millivolts, NA - Dafa not available, insufficient sample volume.
S.U. - Standard Units. °C - Degrees Celsius. umhesiem - Micromohs/centimeter.

ng/l - nanograms per liter.
Samples collected in August and September 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source introductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions,
Samples collected in September 2000 represent first annual conditions,
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ARCADIS GerAGHTY & MiLLER

Table 4-33. Bioattenuation Parameter Results for Groundwater Samples Collected in Reactive Zone 3 West, General Motors C

orporation, Moraine, Ohio,

RZ-3 West Upgradient Well Upgradient Wel Upgradient Well Introduction Well Introduction Well

EAST WEST GM-19S8 RZ-3E RZ-3L
Constituents Units 9/21/99 2/23/00 S/25/00 9/22/00 9/21/99 2/23/00 525100 9/24/99 2/23/00 5/24/00 122/00 9/30/99 2/28/09 5/30/60 9/30/99 2/28/00 5/30/00
Inorganies & TOC
Nitrate mg/] 0 0 0 NA it 0 0 1 G 0 NA NA NA NA NA NA NA
Nitrite mg/l 0 0 0 NA 17.6 0 0 @ 0 0 NA NA NA NA NA NA NA
Nitrogen, Ammonia mg/l <0.30 <0.30 <0.30 NA <.30 <0.30 <0.30 <0.30 <0.30 <0.30 NA <(.30 .88 3t.3 222 2.00 242
Manganese {Total} mg/] 0.627 0.474 0.261 0.227 0.391 0.038 0.029 0.726 1.09 0.247 0.238 24 18.9 5.5 0.333 0.939 0.604
Manganese (Dissolved) mg/l 0.098 0.157 0.116 0.136 0.383 <0.010 <0.010 0.185 0.205 0.200 (.187 0.942 16.8 6.46 0.25 0.861 (528
iron (Total) mg/] 4.82 5.55 33 2.26 0.27 0.40 0.37 16.9 394 [.19 040 324 199 234 4.9 26.1 3.05
Iron (Dissolved) mg/l <0.10 <010 <0.10 <0.10 <0.10 <(.10 <0.10 <0.10 <0.10 <{,10 <310 <0.10 179 275 0.23 234 20
Iron (Ferrous) mg/] 0 0 0 NA 0 0 0 0 0 0 NA NA NA NA NA NA NA
Sulfate mg/l 75 130 117 96 73 129 155 127 131 131 118 83 114 <10 46 <10 <10
Sulfide mg/l <1 <] <] <1 <1 <l <1 < <] <1 <1 <4 <10 <1 <1 <10 <i
Total Organic Carbon mg/l 3 10 4 <1 2 7 3 2 7 3 <1 8 2670 1610 55 1040 t430
Chloride mg/l 283 254 194 196 260 166 164 247 197 168 165 262 695 286 262 249 221
Permanent Gases
Carbon Dioxide mg/l 34.69 58.08 52.02 NA 5041 67.57 61.09 41.85 57.12 . 50.12 NA 22.61 10.62 475.70 0.83 5457 1.89
Oxygen mg/l 1.88 0.97 1.26 NA 1.30 1.50 220 4.43 1.04 1.24 NA 7.23 0,51 0.35 0.61 0.67 0.20
Nitrogen mg/l 17.88 17.50 19.4 NA 13.24 13.74 17.1 20.87 17.07 17.13 NA 15.83 12.20 11.67 15.35 12.70 8.35
Methane mg/] 0.000571 0.003269 0.01158 1.08 0.001409  0.000217  0.002179 | 0.009863  0.002712 0.003325 0.003706 | 0.009056 8.92 4.09 1.29 0.03261 11.13
Carbon Monoxide mg/] <(0.40 <0.40 <0.40 NA <(1.40 <0.40 <0.40 <0.40 <{).40 <0.40 NA NA <0.40 <(.40 NA <10.40 <0.40
Light Hydrocarbon Sean :
Ethane ng/l 32 39 118 126 37 33 57 71 104 139 184 1975 11704 887 2797 208 2327
Ethene ng/l 18 107 57 73 100 17 47 55 45 43 36 2225 175066 13452 27685 529 137794
Field Parameters
pH S.U. 6.99 7.04 7.00 7.11 6.89 697 6.97 7.05 7.05 7.00 7.19 7.16 5.76 5.98 9.45 8.76 298
Specific Conductivity umhos/cm 1777 1955 1503 1133 1759 1640 1547 1500 1784 1548 1235 1503 8926 4477 2902 8372 8714
Dissolved Oxygen mg/l 0.30 0.37 2.76 1.68 0.41 1.73 1.50 0.92 0.30 1.94 1.36 0.06 1.65 0.58 0.30 0.21 1.59
Redox Potential mV 14.9 1229 144.5 1437 106.2 139.1 198.3 313 149.6 200.1 187.7 144.8 -36.2 -94.4 -27.6 -352.0 -110.3
Temperature °C 21.21 19.38 19.32 20.30 21.44 19.90 19.75 20.85 18.69 20.80 20.09 18.20 16.70 2047 18.75 19.33 20.05
mg/1 - milligrams per liter. mV - Millivolts. NA - Data not available, insufficient sample volurne.
S.U. - Standard Units. °C - Degrees Celsius, umhos/ecm - Micromohs/centimeter.

Samples collected in September 1999 represent baseline conditions.
Samples collected in February 2000 represent conditions after three months of carbon source introductions.

Samples collected in May 2000 represent conditions after six months of carbon source introductions.
Samples collected in September 2000 represent first annual conditions,

DRAFT

ng/l - nanograms per liter.

Page 1 of 2



ARCADIS GERAGHTY & MILLER

Table 4-33. Bioattenuation Parameter Results for Groundwater Samples Collected in Reactive Zone 3 West, General Maotors

orporation, Moraine, Ohio.

RZ-3 West, continued

Intreduction Well

Introduction Well

Downgradient Well

RZ-3T R7-37 GM-32
Constituents Units 9/30/99 2728/00 5/30/00 9/29/99 2/28/00 5/30/00 9/22/99 2/28/00 5/30/06 9/25/00
Inorganies & TOC
Nitrate mg/l NA NA NA 0 NA NA 0 0 NA NA
Nitrite mg/] NA NA NA 0 NA NA 0 G NA NA
Nitrogen, Ammornia mg/l <0.30 2.48 19.9 <1).30 1.20 323 2.29 200 19.3 NA
Manganese {Total} mg/1 1.54 15 4.75 1.04 1.49 2.65 0.147 0.516 0.051 0.30
Manganese {Dissolved) mg/i 0.799 13.2 4.91 0.276 1.24 282 0.052 0.061 0.048 0.31
Iron (Total) mg/l 10.2 282 83.5 331 76.8 120 §.14 42.4 18.4 810
Iron {Dissolved) mg/l 0.14 220 874 0.18 224 128 353 0.59 17.1 81.6
Iron (Ferrous) mg/ NA NA NA 0 NA NA 1.8 2.2 NA NA
Sulfate mg/1 73 76 127 55 <10 <20 30 <5 <14 <10
Sulfide mg/1 < <10 1.11 <4 <10 1.72 <1 <10 < <}
Totat Organic Carbon mg/l 5 3050 2410 8 434 1490 68 1200 2020 2720
Chloride mg/1 231 405 470 231 3t 362 317 638 740 740
Permanent Gases
Carbon Dioxide mg/1 13,98 2383 546.58 19.08 10.33 456.25 39.79 8.94 24.32 NA
Oxygen mg/1 8.17 0.63 0.26 7.90 .38 <0.15 1.67 0.83 <0.15 NA
Nitrogen mg/l 13.90 18.34 7.85 14.45 7.88 229 1493 15.23 2.40 NA
Methane mg/l 0.002506 0.1037 3.25 0.000424 22.30 12.81 273 7.06 14.91 16.84
Carbon Monoxide mg/1 NA <().40 <0.40 NA <(1.40 <0.40 <0.40 <(0.40 <0.40 NA
Light Hydrecarbon Scan
Ethane ng/l 674 118 162 64 553 33 1649 9965 1029 189
Ethene ng/l 1373 276 1643 46 1072138 3120 86309 163855 472312 510393
Field Parameters
pH S.U. 7.36 6.15 5.82 7.09 6.41 6.05 7.54 8.59 7.604 - 7.73
Specific Conductivity urnhos/cm 1445 10043 4793 1400 3513 4369 2750 9030 9195 9225
Disselved Oxygen mg/l 0.09 1.27 417 430 0.89 10.64 0.09 0.23 10.82 2.55
Redox Potential mV -109.2 -103.2 -54.2 271.0 -99.0 -109.8 -2264 -279.1 -213.6 -3538
Temperature °C 18.04 19.24 18.32 17.51 18.96 19.92 19.27 19.72 2348 19.27

mg/1 - milligrams per liter,
S.U. - Standard Units.

mV - Millivolts,
°C - Degrees Celsius.

Samples collected in September and October 1999 represent baseline conditions.
Samples collected in February 2000 represent conditions after three months of carbon source introductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions.

Samples collected in September 2000 represent first annual conditions.
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NA - Data not available, insufficient sample volume.

umbios/cm - Micromohs/centimeter,

ng/l - nanograms per liter,
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ARCADIS GERAGHTY & MILLER

Table 4-34. Bioattemiation Parameter Results for Groundwater Samples Collected in Reactive Zone 3 East, General Motors Corporation, Moraine, Ohio.

RZ-3 East Upgradient Well Introduction Well Introduction Well Introduction Well Dewngradient Well

GM-22 RZ-3FF RZ-3KK RZ-3PP GM-21
Constituents Units 9/1/99 2/23/00 5/25/00 9/21/60 10/7/99 2/24/06 5/25/60 10/7/99 2/24/00 5/25/00 10/8/99 2/24/00 5/26/00 9/22/99 2/23/00 5/26/00 9/22/00
Inorganics & TOC :
Nitrate myg/l 0 0 0 NA 6 0 NA 13.2 0 0 0 0 NA 0 0 0 NA
Nitrite gl 0 & 0 NA 0 0 NA {0 0 0 0 0 NA 0 0 0 NA
Nitrogen, Ammonia mg/l <0.30 <(.30 <0.30 NA <0.30 4.50 206 <.30 6.00 88.8 <{1.30 364 152 <0.30 <0.3 <0.30 NA
Manganese (Total) mg/] 0.089 0.273 0.355 0.422 0.991 1.26 225 0.622 245 1.89 0.93 1.64 1.62 {1.321 0.233 0.215 0.336
Manganese {Dissolved) mg/l 0.096 0.263 0.328 0.403 0.579 1.27 223 0.176 218 2.09 0.222 1.63 1.76 0.273 0.225 0.212 0.312
Iron (Total) mg/l <0.10 0.16 0.96 0.94 213 65.3 134 19.6 158 125 293 61.5 85.7 2.58 0.30 0.83 0.63
Iron {Dissolved) mg/l <0.10 <0.10 <0.10 <10 0.1 672 133 <0.10 150 140 0.41 62 93 <0.10 <0.10 <0.10 <0.10
Iron (Ferrous) mg/l 0.6 0 0 NA 0 0 NA 0 0 0 0 0 NA 0.4 0 0 NA
Sulfate mg/l 49 125 120 117 45 23 <10 38 <20 66 40 5 <i) 103 102 80 102
Sultide mg/l <i <l <1 <1 <] <1 <l <1 1.1 274 <1 <1 233 <1 <1 <l <1
Total Organic Carbon mg/l 6 4 4 <1 4 514.0 814 3 1050 505 4 394 344 1 3 2 <]
Chloride mg/1 246 270 279 248 203 296 335 229 353 270 184 260 362 136 145 126 129
Permanent Gases
Carbon Dioxide mg/1 40.15 43.99 40.20 NA 3437 252.34 4894 29.45 305.57 340.2 23.06 156.80 26433 37.04 37.40 18,70 NA
Oxygen mg/1 1.05 0.86 1.28 NA 0.62 0.22 0.47 1.38 0.24 <0.15 2.06 0.31 0.18 1.41 0.99 1.89 NA
Nitrogen mg/l 23.38 19.43 213 NA 20.34 15.68 4.69 13.31 14.65 2.40 10.25 17.95 4.80 23.40 21.67 23.64 NA
Methane mg/t 0.05818 0.23 0.18 0.000967 | 0.014674 0.01111 13.4 0.010751 0.3552 19.4 0.024394 0.2308 14.52 0.03744 0.01769 0.01370 0.04218
Carbon Monoxide mg/l <0.40 <0.40 <0.40) NA <0.40 <0.40 <().40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <040 <0.40 NA
Light Hvdrocarbon Scan
Ethane ng/l 42 91 69 29 2546 148 <5 3584 154 <5 7341 54 <5 72 67 84 72
Ethene ng/l 67 32 64 11 6250 785 8562 1175 255 387 1834 126 <5 169 38 70 69
Field Parameters
pH S.U. 7.12 7.15 7.08 7.17 7.22 6.24 6.07 7.24 6.09 6.33 7.35 6.48 6.27 6.99 7.22 7.06 7.21
Specific Conductivity umhos/cm 1373 1975 1671 1684 1345 3576 3430 1352 6396 3219 12514 3161 2613 1188 1299 1048 1096
Dissolved Oxygen mg/l 0.32 0.46 049 1.73 0.32 1.11 1.21 1.23 143 2.42 0.12 0.79 103 0.66 0.60 0.40 0.99
Redox Potential mV 62.2 70.2 26.1 -80.8 116.1 -84.7 -121.6 -61.6 -108.6 -61.9 -105.5 -131.3 -53.8 -26.9 113.3 167.1 153.9
Temperature °’C 19.41 18.87 20.87 22.28 17.88 18.80 19.22 17.93 19.85 18.54 18.07 18.72 19.43 2043 18.43 17.92 19.03
mg/l - milligrams per liter. mV - Millivolts, NA - Data not available, insufficient sample volume.
S.U. - Standard Units. °C - Degrees Celsius. umhos/cm - Micromohs/centimeter.
Samples collected in September and October 1999 represent baseline conditions. ng/l - nanograms per liter.

satnples collected in February 2000 represent conditions after three months of carban source introductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions,
Samples collected in September 2000 represent first annual conditions.
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Table 4-35. Summary of Groundwater Analytical Results from Reactive Zone | Wells, General Motors Corporation, Moraine, Ohio.

Upgradient Well Introduction Well Introduction Well Dewngradient Well
GM-29 RZ-1A RZ-1G M-28

Constituents Units 9/1/99 2/22/00 5/26/00 921/00 9/29/99 2/22/00 S$/26/00 9/29/99 2/22/00 5/26/00 9/1/99 2/23/60 5/26/60 9/21/00
Volatile Organic Compounds* :

Benzene ug/L <1.0 <L.0 <1.0 <1.0 <1.0 <50 <5.0 <1.0 <50 <5.0 <1.0 <1.0 <1.0 <1.0
1,1-Dichloroethane ug/L, 4.3 4.1 6.3 16.6 1.8 <50 <5.0 <1.0 <50 <5.0 33 4.2 11.8 9.9
1,1-Dichloroethene ug’L 1.3 11 1.6 31 <1.0 <30 <5.0 <1.0 <50 <5.0 <1.0 <1.0 38 <i.0
cis-1,2-Dichloroethene ug/L 320 223 1,190 2,871 68.6 294 688 14.8 306 161 175 503 2,700 37.0
trans-1,2-Dichloroethene ug/L 11.1 9.1 89 14.4 36 <50 5 <1.0 <30 <50 9.2 9.7 305 223
Ethylbenzene ug/l <10 1.4 <1.0 <i.0 <1.0 <50 <50 <1.0 <50 20 <1.0 <1.0 <1.0 <1.0
Tetrachloroethene ug/L <20 38.7 24.6 200 252 <50 454 91.5 50.5 17.5 316 88.4 302 23
Toluene ug/L <1.0 <1.0 <1.0 2.2 <1.0 <30 2 <1.0 <50 1.1J <1.0 <1.0 <1.0 <1.0
1,1, 1-Trichloroethane ug/L 37.8 36.0 325 245 5.7 <50 <5.0 <10 <50 <5.0 17.7 232 18.1 5.0
Trichloroethene ug/L 878 758 049) 289 158 88.5 37.9 44.1 <50 13.8 768 £33 14.8 1.6
Vinyl chloride ug/L. 38 1.0 L7 788 33 <50 431 <1.0 <50 136.0 32 <LO 1.9 124
Xylenes ug/L <1.0 6.0 <1.0 <1.0 <10 <50 <5.0 <1.0 - <50 <5.0 <1.0 <].C <1.0 <1.0
Total VOCs ug/L 1,256.3 1,078.4 1.914.6 4,028.8 493 3825 8215 150.4 356.5 3314 1,292.4 1.461.5 2.817.1 90.5

* The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C.
ug/L - Micrograms per liter.

J - Estimated,

Samples collected in September 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source introductions.
Samples collected in May 2000 represent conditions afler six months of carbon source introductions,

Samples collected in September 2000 represent first annual conditions.
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Table 4-36. Summary of Groundwater Analytical Results from Reactive Zone 2 Wells, General Motors Corporation, Moraine, Ohio.

Introduction Well Introduction Well Introduction Well Below Intreduction Zone
ME-6 ME-1 ME-3 GM-31

Constituenis Units 8/31/99 2/22/60 8/25/00 9/21/00 8/31/99 2/22/00 5.25/00 8/31/99 2/22/00 5/25/60 9/21/06 9/1/99 2/23/00 5/31/00 9/21/00
Yolatile Organic Compounds*® '
Benzene ug/L <1.0 <10 <5.0 <1.0 <10 <10 5.6 <14 <14 <L.0 <10 <1.G <1.0 <1.0 <1.0
1, 1-Dichloroethane ug/L <1.0 <10 1.4] <1.0 2.4 <i0 <5.0 a.1 12.4 45 34 1.3 14 1.8 11
1,1-Dichloroethene ug/I. <1.0 <10 <5.0 <1.0 <1.0 <10 <5.0 <1.0 <10 <1.0 <1.0 <10 <10 <1.0 <1.0
¢is-1,2-Dichloroethene ug/L 255 541 712 98.8 382 459 537 57 105 OO 2.9 7.80 27.8 48.1 402
trans-1,2-Dichloroethene up/L <1.0 <i0 6.1 25 1.5 <10 4.21 <1.0 <10 7.5 29 <1.0 <1.0 <1.0 <1.0
Ethylbenzene ug/L <i.0 <10 <5.0 <10 <1.0 <10 1.53 <1.0 <10 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Tetrachloroethene ug/L 213 18.3 16.2 6.7 83.6 <10 1.8J 57.9 <10 <1 A) <1.0 1.3 <10 <1.0 <1.0
Toluene ug/L <1.0 <10 <5.0 1.9 <1.0 <10 1.4 <1.0 <10 <1.0 14 <1.0 <1.0 1.5 <1.0
1,1,1-Trichloroethane ug/L 2.9 <10 <5.0 <1.0 13.5 <10 <35.0 42.5 16.0 4.8 6.4 <10 <1.0 <1.0 <1.0
Trichloroethene ug/L 474 39.0 28.0 19.6 292 <10 58 47.5 <10 43 <1.0 272 13.6 8.4 3.5
Vinyl chloride ug/L <1.08 <10 10.8 6.1 36 <10 9.1 <1.0 <10 54.7 2.1 <1.0 <1.0 <1.0 <1.0
Xylenes ug/L <1.0 <10 <5.0 <1.6 <1.0 <10 <5.0 <1.0 - =i <1.0 <1.0 <1.0 1.1 1.6 <1.0
Fotal VOCs ug/L 944.9 598.3 T74.5 135 467.2 4589 560.8 159.7 133.4 176 19.1 37.6 439 61.4 49.8

* The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C.
ug/L - Micrograms per liter,

J - Estimated.

Samples collected in August and September 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source intreductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions,

Samples collected in September 2000 represent first annual conditions.
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Table 4-27. Summary of Groundwater Analytical Results from Reactive Zone 3 West Wells, General Motors Corporation, Moraine, Ohio.

R7-3 West Upgradient Well Upgradient Well Upgradient Well Introduction Well Introduction Well

EAST WEST GM-19S8 RZ-3E RZ-3L
Constituents Units | 09/21/99 02/23/08  05/25/00 05/22/66 (9/21/99 (2/23/06 05725/00 | 69/20/99 02/23/00  05/24/00 09/22/66 09/36/99  02/28/00  05/30/00 | 09/30/99 02/28/00  05/30/00
Volatile Organic Compounds*
Benzene ug/L. <L.0 <1.0 <1.0 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <1.0 <1.0 <1.0 <10 <5.0 82 354 105
1,1-Dichloroethane ug/L 54 7.3 7.7 7.7 25.6 245 325 7.7 7.3 7.0 4.4 209 497 27.1 59.7 583 638
1,1-Dichloroethene ug/L <1.0 <1.0 1.027 1.2 <1.0 <1.0 <1.0 1.6 1.0 1.1 <1.0 1.6 <10 <5.0 <1.0 <10 50
cis-1,2-Dichloroethene ug/k 9.1 24.0 32.0 77.3 125 34.5 2940 4.6 388 429 376 112 320 144 96.6 260 566
trans-1,2-Dichloroethene ug/l. <1.0 2.0 1.5 1.8 <1.0 1.7 1.3 23 2.3 2.7 2.6 2.0 <10 2.7 20 <10 9.2
Ethylbenzene ug/l. <1.0 <1.0 <l1.0 <1.0 <1.0 <1.0 <10 <10 <i.0 <1.0 <1.0 <1.0 <10 24 221 TH] 308
Tetrachioroethene ug/l 61.0 77.1 54.0 55.8 41.3 539 Ry 46.0 71.3 57.1 68.0 58.2 236 4.6] <1.0 <10 <5.0
Toluene ug/L <1.0 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <1,0 <1.0 <1.0 <10 <1.0 <16 223 124 416 706
1,1,1-Trichloroethane ug/L 21.0 20.0 20.5 222 248 251 274 16.0 16.9 17.9 14.5 28.4 <10 <5.0 2.4 <10 <5.0
Trichloroethene ug/L 56.1 90.1 81.3 97.2 37.3 108 103.0 711 101 104 Ho4 124 341 4.7 18.2 <10 4.23
Vinyl chloride ug/L <1.0 53 1.2 30 <1.0 <t.0 <1.0 <1.0 1.7 14 <1.0 2.7 <10 9.0 14.1 437 104
Xylenes ug/L, <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 77.2 39.7 182.4 606 1,190
Tetal VOCs ug/L 152.6 226.4 199.8 266.2 254 247.7 230.9 178.7 240.3 234.1 231.1 349.8 504.6 236.4 529.7 2,055.1 3,6354

* The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C.
J - Estimated data.

ug/L. - Micrograms per liter. .

Samples collected in September and October 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source introduciions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions,

Samples collected in September 2000 represent first annual conditions,
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Table 4-37. Summary of Groundwater Analytical Results from Reactive Zone 3 West Wells, General Motors Corporation, Moraine, Ohio.

RZ-3 West, continued Introduction Well Infreduction Well Downgradient Well

RZ-3T RZ-37, GM-32
Constituents Units 09/30/99 02/28/00 05/36/00 9/29/99 02/28/00 05/30/00 (09/22/99 02/28/60 05/30/00 09/25/00
Volatile Organic Compounds*
Benzene ug/L <1.0 <10 <5.0 <1.0 <16 <50 <EG <10 <100 <1.0
1,1-Dichloroethane ug/l. 4.9 <10 4.9 1.5 <10 <5.0 33 161 46.0J 3159
1,1-Dichloroethene ug/L <1.0 <10 <5.0 <1.0 <10 <5.0 <1.0 <10 <100 <1.0
cis-1,2-Dichloroethene ug/L 23.8 213 139 32 130 993 2.6 <i0 <100 <1.0
trans-1,2-Dichloroethene ug/L. <1.0 <10 <5.0 <1.0 <10 <5.0 42 111 41.0] 203
Ethylbenzene ug/L <10 <10 <5.0 <1.0 <10 <5.0 <1.0 <10 <300 <1.0
Tetrachloroethene ug/l 19.8 16.5 3.2 20.6 <10 <5.0 1.2 <10 <100 <1.¢
Toluene ug/l <1.0 <10 2.0) <1.0 <10 223 1.0 206 <100 10.4
1,1,1-Trichloroethane ug/L 7.2 <10 1.2 38 <10 <5.0 <10 <10 <100 <1.0
Trichloroethene ug/L 97.3 17.1 5.0 339 <10 3.2] 32 <10 <100 <1.0
Vinyl chloride ug/L <1.0 <10 <5.0 <1.0 <10 8.6 3.0 <10 <100 <1.0
Xylenes ug/L <1.0 <10 1.8J <1.0 <10 <5.0 <1.0 <10 <100 <1.0
Total VOCs ug/L. 153 246.6 157.1 63 130 113 18.5 2326 87 66.6

* The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C.
J - Estimated data.

ug/L - Micrograms per liter. :

Samples collected in September and October 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source introductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions.

Samples collected in September 2000 represent first annual conditions.
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Table 4-38. Summary of Groundwater Analytical Results from Reactive Zone 3 East Wells, General Motors Corporation, Moraine, Ohio.

RZ-3 East Upgradient Well Introduction Well Intreduction Well Introduction Well Bowngradient Well

GM-22 RZ-3FF RZ-3KK RZ-3PP GM-21
Constituents Units | 09/61/99 02/23/00 05/25/00  09/21/00 | 10/67/99  02/24/00  05/25/00 | 10/07/99  02/24/00  05/25/00 10/08/99  02/24/60  65/26/00 | 09/22/99 02/23/00  05/26/00  09/22/00
Volatile Organic Compounds* :
Benzene ug/L <1.0 <1.0 <1.0 <1.0 <1.0 <10 <5.0 <1.0 <10 <5.0 <1.0 <10 <5 <1.6 <1.0 <1.0 <1.0
1, 1-Dichloroethane ug/L <1.0 22 28 2.4 28] =10 <5.0 <1.0 <10 5.4 <1.0 <10 <5 9.0 58 6.8 5.6
1,1-Dichloroethene ug/L <1.0 <1.0 <1.0 <1.0 <18 <10 <5.0 <1.0 <10 <5.0 <1.0 <10 <5 39 1.6 2.4 1.6
cis-1,2-Dichloroethene ug/L <1.0 3t 4.0 1.9 9.3] 504 91.5 <1.0 40.7 148 <10 327 40.8 66.4 359 47.8 387
trans- 1,2-Dichloroethene ug/L <1.0 <1.0 <1.0 <1.0 <1.0 <16 <3.0 <1.0 <10 <50 <1.0 <10 <5 7.8 93 7.4 129
Ethylbenzene ug/L <1.0 <1.0 <1.0 <1.0 4003 304 79.3 <1.0 <10 <5.0 <1.6 <10 <3 <1.06 <1.0 <1.0 <1.0
Tetrachloroethene ug/L 36 2.8 30 1.6 6.6} <14 <50 8.0 <10 <50 2.0 <10 <5 <1.0 <1.0 <1.9 <10
Toluene ug/L <1.0 <L0 <1.0 <1.0 42.9] <10 14.0 <10 <10 <5.0 1.3 <10 <5 <1.0 <i.0 <1.0 <10
1,1, 1-Trichloroethane ug/L <1.0 <1.0 <1.0 <1.0 3.2} <10 <5.0 36 <10 <50 <1.0 <10 <5 5341 15.4 279 15.7
Trichloroethene ug/l 4.0 2.5 3.6 <1.0 36.81 203 t.4] 389 <10 <5.0 14,7 <10 <3 287 283 311 189
Vinyl chloride ug/L <1.0 <1.0 <1.0 <1.0 6.6] <10 3.8) <1.0 <10 1.4] <1.0 <10 <3 <1.0 <1.0 <1.0 <1.0
Xylenes ug/L <1.0 1.2 <1.0 <1.0 22103 147 467 <1.G <10 <30 <1.0 <1 <5 <10 2.3 <1.0 <1.0
Total VOCs ug/L 7.6 iL.8 134 59 2,718.2 248.1 657 50.5 40.7 154.8 18 33.7 40.8 168.9 353.3 403.3 263.5

* The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix (.

1 - Estimated data.
ug/L. - Micrograms per liter.

Samples collected in September and October 1999 represent baseline conditions.

Samples collected in February 2000 represent conditions after three months of carbon source introductions.
Samples collected in May 2000 represent conditions after six months of carbon source introductions,

Samples collected in September 2000 represent first annual conditions.
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ARCADIS GrRAGHTYRMILLER

Table 4-40.

Results of Soil TOC Sampling from Vapor Point Instal

Corporation, Moraine, Ohio.

TOC Results Pre-Phase-Ox

lation, General Motors

Sample Interval TOC

Vapor Point {ft bls) Date Lithology {mg/Kg)
VP-1 28-30 3722/00 sand & gravel 1,500
VP 31.8-32 3/22/00 UCT 3,500
VP-3 26-28 3/22/00 sand & gravel 2,460
VP-3 29.8-30 3/22/00 UCT 3,300
VP-5 30-32 f22/00 sand & gravel 1,460
VP-35 37.5-38 3/22/00 ucT 5,600

TOC Results Post Phase-Ox Completed April 4 through 20, 2000

Sample Interval TOC

Vapor Point (ft bls) Date Lithology (mg/Kg)
VP-3A 28-30 /25100 sand & gravel 5,600
VP-3A 30-30.5 4/25/00 UcT 5,100
VP-3A 30-32 4/25/00 sand & gravel 2,000
VP-3A 35-355 4/25/00 ucT 5,000

Samples analyzed via Walkley-Black method,

Practical Quantitation Limit = 250 mg/Kg,

ft - feet.

bls - below land surface.

UCT - Upper Clay Till.

TOC - Total Organic Carbon.
mg/Kg - milligrams per Kilogram,
VP-3A was drilled adjacent to VP-3.
VP-5A was drilled adjacent to VP-5.

BRAFT



ARCADIS GerachTY & MiLLER

Table 4-41. Bioattenuation Parameter Results for Groundwater Samples Collected in Oxidation Area 1, General

Motors Corporation, Moraine, Ohio.

Oow-] OW.-2 OW-3 GM-23
Constituents Units 9/2/1999 2212600 5/31/2000 9/2/1999 221720600  5/3172000 9/3/1999 2/21/2000 6/1/2000 9/1/1999 22172060 5/36/2000  9/20/2000
Inorganics & TOC
Nitrate mg/l 0 NA NA 0 0 NA NA 0 g 0.08 0 0 NS
Nitrite mg/l 0 NA NA 0 0 NA NA 0 0 3.83 0 0 NS
Nitrogen, Ammonia mg/l 0.64 1.16 <0.30 0.44 0.71 4.04 0.87 0.93 4.08 <0.30 0.94 2.84 N§
Manganese (Total) mg/] 2.68 2.15 44.9 1.98 2.21 5.66 NA 0.583 5.24 4.71 0.887 0.121 0.208
Manganese (Dissolved) mg/1 0.401 0.528 43 0.164 1.11 555 NA 0.66 4.32 0.346 0.841 0.101 0.187
TIron {Total) mg/] 130 406 1,240 119 345 304 NA 1.39 45.2 13.6 0.33 0.18 0.34
Iron (Dissolved) mg/] 2 0.66 1,180 4.23 2.1 1.05 NA <0.10 <0.20 <0.10 <0.10 <0.10 <0.10
Iron (Ferrous) mg/l 2 NA NA 3.6 2 NA NA 0 0 4 0 0 NS
Sulfate mg/l 8 1850 16,300 27 600 10,000 NA 1525 12,800 72 650 8,040 2,810
Sulfide mg/] <4 1.20 <] <4 <1 <] <4 <] 1.11 <4 <1 <1 <]
Total Organic Carbon mg/] 174 24 23 171 20 16 380 15 28 19 25 19 6
Chloride mg/] 221 73 270 109 131 71 NA 119 82 118 143 85 135
Permanent Gases
Carbon Dioxide mg/l 85.76 193.2 968.13 96.88 81.41 340.72 NA 82.08 354.64 88.47 264.8 323.79 NS
Oxygen mg/l 0.89 6.36 1.99 0.99 8.26 6.52 NA 8.70 11.69 0.96 1.56 17.78 NS
Nitrogen mg/l 18.90 11.68 3.35 21.21 14.69 4.91 NA 14.60 4.50 20.22 13.75 3.13 NS
Methane mg/l 0.30 0.002824 0.006488 1.33 0.02262 0.006579 NA 0.001662 0.03464 0.1248 0.72 0.02083 NS
Carbon Monoxide mg/1 <0.40 <0.40 <0.40 <(.40 <0.40 <0.40 NA <{1.40 <0.40 <0.40 <0.40 <0.40 NS
Light Hydrocarbon Scan
Ethane ng/l 57,032 1,086 1,473 59,933 2,406 1,241 NA 102 973 6,878 14,644 1,037 NS
Ethene ng/l 1,205,597 1,581 2,329 373,161 26,719 285 NA 460 11,089 580,916 439,458 569 NS
Fieid Parameters
pH s.U. 6.62 6.14 241 6.50 6.80 6.46 7.32 6.61 6.45 6.80 6.62 6.31 6.56
Specific Conductivity umhos/cm 1,444 3,227 14,386 1,093 148 10,991 1,369 3,075 9,07 1,160 2.856 6,720 5,238
Dissolved Oxygen mg/l 0.56 9.58 9.89 045 7.09 13.03 521 11.60 3341 0.65 0.78 10.48 7.78
Redox Potential mV -509.9 183.0 498.7 -101.8 125.3 133.7 -129.1 135.0 237.5 122.2 158.7 194.2 401.3
Temperature °C 16.17 16.14 25.31 18.69 1761 27.89 22.58 17.66 25.37 17.89 17.60 2643 21.03

mg/l - milligrams per liter.
S.U. - Standard Units.
ng/l - nanograms per liter.

mV - Millivolts,
°C - Degrees Celsius.

Samples collected in September 1999 represent baseline conditions.
Samples collected in February 2000 represent conditions after two oxidation tests.
Samples collected in May 2000 represent conditions afler three oxidation tests.

DRAFT
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NA - Data not available, insufficient sample volume.

umhos/cm - Micromohs/centimeter.
NS - Not sampled for these constituents.



Table 4. Bioattenuation Parameter Results for Groundwater Samples Collected in Oxidation Area 2, General Motors Corporation, Moraine, Chio.

Ow-4 OWwW-5 OWw-¢ GM-30
Constituents Units 9/3/1999 2/22/2600 6/1/2000 9/3/1999 2/22/2000 6/1/2080 9/3/1999 2/212000 6/1/2000 9/2/1999 2/22/2000  5/31/2000
Inorganics & TOC
Nitrate mg/1 0 NA 0 0 NA 0 0 0 NA 0 0 0
Nitrite mg/] 0 NA 0 0 NA 0 0 0 NA 0.02 0 0
Nitrogen, Ammeonia mg/l 241 1.13 0.90 1.68 2.13 6.30 292 0.65 0.39 1.76 1.93 <0.30
Manganese (Total) mg/} 3.09 0.563 0316 10.4 9.8610 9.0 54.5 5.65 0.834 1.86 0.648 0.362
Manganese {Dissolved) mg/] 0.12 0.147 0.218 1.81 0.062 0.137 2.59 0.287 0,381 0.088 0.063 0.047
Iron (Total) mg/ 122 21.10 206 325 500 478 1470 181 18.1 99.1 419 253
iron {Dissolved) mg/] <010 <0.10 <(.10 353 0.41 0.36 2.67 <0.10 <0.10 6.84 3.88 10.2
Iron {Ferrous) mg/l 0 NA 1.1 0.6 NA NA 0.02 1 NA 2.5 23 3
Sulfate mg/] <5 <3 5 <3 <5 <10 33 24 28 <5 <5 <5
Sulfide mg/l NA <1 <} <4 <] 233 <4 <} <] <4 <] <]
Total Organic Carbon mig/] 64 34 26 354 161 155 188 35 12 76 52 15
Chloride mg/] 214 353 301 73 <50 124 109 145 53 42 54 76
Permanent Gases
Carbon Dioxide mg/l 11.13 21.74 81.50 62.68 74.15 82.96 24.64 64.96 97.43 98.94 106.3 96.93
Oxygen mg/t 0.89 5.18 0.62 1.10 0.50 (.58 1.16 1.26 0.70 0.75 0.57 0.63
Nitrogen mg/] 21.23 14.6 16.25 21.60 14.1 19.86 16.46 17.15 21.23 12.92 12.0 17.85
Methane mg/l 0.000900 0627 1.06 0.24 0.00036 0.4319 0.000952 0.001990 0.004285 923 0.00856 5.91
Carbon Monoxide mg/1 <0.40 <0.40 <0.40 <(1.40 <0.40 <0.40 <0.40 <{+.40 <0.40 <0.40 <0.40 <0.40
Light Hyvdrocarbon Scan
Ethane ng/l 125 38,124 141,104 1,291 382 744 560 509 768 16,598 218,908 699,900
Ethene ng/l 9,464 1.915,746 11,411,690 | 1,203,499 1,616,870 2,165,024 2,197 812 27,334 1,930,451 1,598,981 1,829,296
Field Parameters
pH S.u. 7.76 6.69 6.67 6.81 6.90 6.96 7.57 7.39 6.97 6.66 6.88 6.75
Specific Conductivity umhos/cm 807 2260 1516 998 1418 1013 1078 1381 934 1002 1393 1028
Dissolved Oxygen meg/1 8.95 10.63 10.62 1.88 245 10.11 6.81 8.57 9.20 0.50 0.79 0.53
Redox Potential mV -11.3 -22.2 -66.9 -46.5 -65.7 64,7 6.8 23.1 -14.8 -108.1 -1154 -71.3
Temperature °C 19.17 14.96 16.10 19.05 1541 16.17 21.04 13.98 16.43 16.46 17.29 16.83

mg/l - milligrams per liter.
S.U. - Standard Units.
ng/l - nanograms per liter.

mV - Millivolts,

°C - Degrees Celsius.

Samples collected in September 1999 represent baseline conditions.
Samples collected in February 2000 represent conditions after two oxidation tests.
Samples collected in May 2000 represent conditions after three oxidation tests.

DRAFT
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NA - Data not available, insufficient sample volume.

umhos/cm - Micromohs/centimeter.



ARCADIS GERAGHTY & MILLER

Table 4-42. Analytical Results for Groundwater Samples Collected During the Oxidation Tests, General Motors Corporation, Moraine, Ohio.

Ow-1
Baseline First Test Second Test Phase Ox Test

Constituents Units 9/2/99 9/9/99  9/10/99  9/13/99 10/20/99 | 12/1/99  12/2/99  12/3/99  12/17/99 4/28/00 5/18/60 5/31/00
Volatile Organic Compounds* .

Benzene ug/L <10 NC NC <1.0 <10 <50 NC <50 <50 <10 <1.0 1.6]
1,1-Dichlorcethane ug/L 80.6 NC NC <1.0 <10 <30 NC <50 <50 29 <1.0 <5.0
1,1 Dichloroethene ug/L <10 NC NC <1.0 <10 <50 NC <50 <50 1.6 <1.0 <3.0
cis-1,2-Dichloroethene ug/L 1,640 NC NC 36.0 677 3,810 NC 745 6,480 918 11.6 218
trans-1,2-Dichloroethene ug/l. 94.2] NC NC 1.1 <10 <50 NC <50 <50 8.6 <1.0 <5.0
Ethylbenzene ug/l <10 NC NC <1.0 <10 <50 NC <50 <50 <1.9 <1.0 1.47
Tetrachloroethene ug/l. 2731 NC NC 222 304 963 NC 836 1,300 208 6.5 372
Toluene ug/L <10 NC NC <1.0 <10 <50 NC <50 <50 <1.0 11 <51
1,1,1-Trichloroethane ug/L <16 NC NC <1.0 <10 <50 NC <50 <50 1.2 <10 <5.0
Trichloroethene ug/L. 1,240 NC NC 48.2 108 452 NC 194 596 150 3.7 11.8
Vinyl chloride ug/l, 6,800] NC NC 4.7 114 304 NC <100 705 311 <1.0 <5.0
Xylenes ug/L <10 NC NC <1.0 <10 <50 NC <50 <50 <1.0 <1.0 <5.0
Tetal VOCs ug/l | 10,1278 332 1,263 5,529 1,775 9,681 1.320.8 229 73.8
Chlorides mg/L NC NC NC NC NC 100 69 63 <5 64 918 270

*The site-specific parameter list is presented here, the comp

ug/l. - Micrograms per liter,
mg/L - Milligrams per liter,
OW-3 recharges very poorly.
NC - Sample not coliected.

J - Estimated.

Dates and volumes of injection fluids for OW-1, OW-2, and OW-3 are presented on Tahle 4-37.

DRAFT
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lete set of VOC results is presented in Appendix C.
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ARCADIS GERAGHTY & MiLLER

Table 4-42. Analytical Results for Groundwater Samples Collected During the Oxidation Tests, General Motors Corporation, Moraine, Ohio,

OW-2

Baseline First Test Second Test Phase Ox Test
Constituents Units 9/2/99 9/9/99 9/10/99  9/13/99  10/20/99 | 12/1/99  12/2/99 12/3/99  12/17/99 | 4/28/00  5/18/00 5/31/00
Volatile Organic Compounds* \
Benzene ug/L <10 NC <100 <100 <100 <50 NC <H0 <50 <1.0 <i.0 <5.0
1,1-Dichloroethane ug/L 129 NC <100 <100 <100 <50 NC <160 <50 <1.0 <10 <5.0
1,1 Dichloroethene ug/L 71.9 NC <100 <100 <100 <50 NC <100 <50 2.6 <1.0 <5.0
cis-1,2-Dichloroethene ug/L. 32,200 NC 19,200 17,300 13,100 15,080 NC 12,400 13,200 778 23 7.9
trans-1,2-Dichloroethene g/l 149 NC <106 <100 <106 68.0 NC <100 <30 223 <1.0 <5.0
Ethylbenzene ug/L 18.0 NC <100 <100 <104 <50 NC <100 <50 1.7 <1.0 <5.0
Tetrachloroethene ug/L 280 NC 954 2,420 4,200 4,560 NC 4,800 5,570 86.1 14.2 56.3
Toluene ug/L, 299 NC <100 <160 <100 <50 NC <100 <50 335 1.4 <5.0
1,1,1-TFricoroethane ug/L 207 NC <100 <100 <160 <50 NC <1040 <50 <1.0 <1.0 <5.0
Trichloroethene ug/L 503 NC 867 1,170 <100 1,280 NC 1,500 1,980 259 <}1.0 4.8
Vinyl chloride ug/L. 7.760 NC 4,580 3,500 2,790 3,610 NC 2,660 3,700 241 <1.0 <5.0
Xylenes ug/l, 10.8 NC <100 <100 <100 <50 NC <) <50 4.9 <1.0 <3.0
Total VOCs ug/L, 41,172.3 25,601 24,390 20,090 24,598 21,360 24,450 949.1 17.9 69
Chiorides mg/L NC NC NC NC NC 96 161 106 120 51 81 71

*The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C,
ug/L - Micrograms per liter.

mg/L - Milligrams per liter.

OW-3 recharges very poorly.

NC - Sample not colfected.

J - Estimated.

Dates and volumes of injection fluids for OW-1, OW-2, and OW-3 are presented on Table 4-37.

DRAFT
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ARCADIS GERAGHTY & MILLER

Table 4-42. Analytical Results for Groundwater Samples Collected During the Oxidation Tests, General Motors Corporation, Moraine, Ohio.

OWw-3

Baseline First Test Second Test Phase Ox Test
Constituents Units 9/3/99 9/9/99 9/10/99  9/13/99  10/20/99 | 12/1/99  12/3/99 12/17/9% 1 4/28/00  S5/18/00 6/1/00
Volatile Organic Compounds* .
Benzene ug/l i 1.2 <50 <106 <100 <160 <50 <50 <1.0 <10 <i0
i, 1-Dichloroethane ug/L 15.5 19.2 <50 <100 <100 <100 <50 <50 <1.0 <1.0 <14}
1.1 Dichloroethene ug/L 21 2.5 <50 <100 <100 <100 <50 =50 <1.0 <1.0 <10
cis-1,2-Dichloroethene ug/L 3,360 4,202 4,040 6,860 9 860 12,500 490 3.7460 188 145 1,080
trans-1,2-Dichloroethene ug/L 17.8 18.7 <50 <100 <100 <100 <50 <50 2.2 1.7 <10
Ethylbenzene ug/L. <1.0 <10 <50 <100 <100 <10 <50 <50 <1.0 <1.0 <10
Tetrachloroethene ug/L 116 194 178 203 <100 218 192 304 78.3 51.0 153
Toluene ug/L 2.2 1.3 <56 <100 <100 <100 <50 <50 <1.0 <1.0 <10
1,1,1-Trichloroethane ug/L <1.0 <10 <50 <100 <100 <104 <50 <50 <1.0 <1.0 <i0
Trichloroethene ug/l. <1.0 782 742 1,670 2,670 2,540 227 793 333 <1.0 923
Vinyl chloride ug/L <1.0 360 S04 1,150 <100 2,440 <100 216 I8.8 157 97.8
Xylenes ug/h <1.0 <1.0 <50 <100 <100 <100 <30 <50 <1.0 <1.0 <10
Total VOCs ug/l 3,514.6 5,580.9 5,464 9,883 12,470 17,698 909 5,347 320.6 213.4 1,423.1
Chlorides mg/L NC NC NC NC NC 159 58 86 32 53 82

*The site-specific parameter list is presented here, the complete set of VOC results is presented in Appendix C.
ug/L - Micrograms per liter.

mg/L. - Milligrams per liter.

OW-3 recharges very poorly.

NC - Sample not collected.

T - Estimated,

Dates and volumes of injection fluids for OW-1, OW-2, and OW-3 are presented on Table 4-37.
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ARCADIS GERAGHTY & MILLER

Table 4-42. Analytical Results for Groundwater Samples Collected During the Oxidation Tests, General Motors Corporation, Moraine, Ohio.

GM-23

Baseline First Test Second Test Phase Ox Test
Constituents Units $/2/99 9/9/99 9/16/99  9/13/99  10/20/99 | 12/1/99  12/2/99 12/3/99  12/17/99 | 4/28/00 5/18/60 5/31/00 9/20/00
Volatile Organic Compounds* ,
Benzene ug/L 1.9 27 <100 <100 <100 <50 NC <180 <50 <50 <20 <20 <10
1,1-Dichloroethane ug/L 325 311 <100 <100 <100 <50 NC <100 <50 <30 7.0 12.8J 16.3
1,1 Dichloroethene ug/L 17.2 18.5 <100 <100 <100 <50 NC <109 <50 <50 <20 6.6) 5.1
cis-1,2-Dichloroethene ug/L 7,530 8,950 9.730 9,710 7,600 7,380 NC 7,760 10,000 7,600 3,850 4,080 5,620
trans-1,2-Dichloroethene ug/L. 54.5 509 <160 <100 <100 <50 NC <160 <50 56.0 264 39.8) 332
Ethylbenzene ug/L <1.0 <1.0 <100 <100 <100 <50 NC <100 <50 <50 <20 <20 <1.0
Tetrachloroethene ug/L 6,250 7,120 7,030 6,710 5,200 5.650 NC 6,010 5,440 5.550 6,960 6,200] 3,470
Toluene ug/L <1.0 <1.0 <100 <100 <100 <50 NC <100 <50 <50 <20 <20 <1.0
1.1, 1-Trichloroethane ug/L 7.2 9.1 <100 <100 <100 <50 NC <100 <50 <50 <20 <20 2.0
Trichloroethene ug/L 1.460 1,260 1,270 1,300 <100 1,370 NC 1.350 1,510 1,380 1.430 1,480 609
Vinyl chloride ug/L 2,500 2,470 2.600 2,310 <100 1,600 NC 1,460 2,656 506 <20 140) 801
Xylenes ug/l, <1.0 <1.0 <100 <100 <100 <30 NC <100 <50 <50 <20 <20 <1.0
Total VOCs ug/k 17.853.3 19,912.3 20,6360 20,036 12,2060 16,000 16,580 19,000 15,092 12,3234 11,959.2 10.556.6
Chlorides mg/L NC NC NC NC NC 148 133 184 136 118 93 85 135

*The site-specific parameter list is presented here, the complete set of VOUC results is presented in Appendix C.
ug/L. - Micrograms per liter.

mg/L. - Milligrams per liter,

OW-3 recharges very poorly.

NC - Sample not collected.

J - Estimated,

Dates and volumes of injection fluids for OW-1, OW-2, and OW-3 are presented on Table 4-37.

DRAFT

o ¥
Jreestons gmonrsrepor e Rev T able 4.43 } age 4 Uf 4



o/
‘obey

P GERGE NI NE O LOWSUH RO 6

{£)[BDILWBdLD0T o1y
(DSDOA “()HiEnuuy i

@SD0A “(lenuuy 4]

IFIOA (g )lenuuy 451

(@SI0A (g )iBniuy |

WSDOA (p)lenuuy 51

(SO ()lenuuy i

(@SDOA “(Henuuy i

@SDOA(1)lenuuy g

@SDOA “()lenuny j51

(@SDOA “(pHlenuny g
(zFI0OA A [HENULY 4o

(DSDOA “(p)EmuuY 5

“Isyeslay) Ajjenuue pue
‘¢ pue g syeaf 1oj Ajjenuue
-1uas ‘4ead 15| 10} AjIajengy

fenuuy

jEntuy

jenuuy

fenuuy

jenuuy

jentuy

fenuuy

jenuuy

{enuuy
jenuuy

jenuuy

'L HOV TE SOMISEIW WAL JO $SaUaANDaJJa Furionuopy
218 21y Jo uoniod [enuads sy ui Aijenb saeampunoid Furionuop
23S 3yt Jo uonod [enuao ay ur Anpenb tojempunold Funopuop

"HOUHEE
Fuiiag yHoN sy Jo warprsSumop Agenb soempunold o uLONUON

£ PUB T s{jpue jo waipeidumop Ayjenb sopempunoss BuLioyuop

€1 pue 777 Sjiypuert pue uooe|
Buipag YHON 3t jo JuaprISumop Appenb asempunosd jo Sutonuopy

‘Hoode
Bunes yHoN oy jo waiperdumop Anjenb rojempunoid jo Buponuop

‘Hoofe
Fuileg YHON 3t Jo waipeidumop Appenb 1aempuncsd jo Junonuop

1 HUPUET Jo usipriSusop pue uoode |
3ulipes yuoN ay3 jo uaipeiddn Atpenb aorempunosd jo Sunonuopy

"1 pue 77 sjjpue pue uoofe |
Sul[19§ YHON a1y Jo yuatpeiddn Ayjenb J2IEMpUneId jo FuLonuop

AU Ayl o qudipeaddn Gipenb saeapunosd SuLiojuop

aus 3y} Jo wiipesddn Aipenb roespunosd Sunonuop

0t-ND
1-dH

¢ dH

S-UH
CHH

N-T-M

v-dH

8-YH
HdH

6-4H

IS adpomua ]

Lduanbaxy Sunronuepy

duriopuopy Joy uoseay

SHOAA Buriojuoyy

LAVHA

OHj() ‘AUrRION

uoneIodio)) SI0JO [RIBUN) *URlq Futionuop ADIEMPUNOIL) 3PI AN -BIS JO Aipwining

RREECLAS

TR ALHOVHID SHY Y




ol

e <N PR OSSN S 1O L O I ©

wigotayooagorg
@S0 “lenuuy ]

(JBDIELAYD00T01g
SOOA " lenuny

] BOHUAYd0301¢]
@SOOA “lenuuy |

wledtayooafory
@SDOA “lenuuy g

oty soafony
@SDOA plenuuy |

wlEonRyscadolg
@SOOA “(lenuuy ]

@SIOA ‘lenuuy |

] BIRdY202F01¢
@SOOA “lenuuy ]

RJuRIsy) Ajjenuue pue
¢ pue 7 siedd doy Kjjenuue
-1as “1eak |1 10) Auapeng)

ayealayy Ajjenuue pue
‘€ pue 7 saeak 10j Ajjenuur
“RU3S URdA || 10} Al4a1IEng)

jenuuy

“IRHEAIdNY) Afenuue pue
‘¢ pue g sivak 10§ Ajjenuue
-lwas aedk ] 1oj Apajiengy

“lajfely) Afjenuue pur
‘¢ pue 7 siead 10] Ajjenuue
-1as IedA 1 10y Apapeng)

“Iayeatay) Ajjenuug pug
f pue g s1eak 10} Kjjenuue
“Ruas aeadk |1 1oy Alapeng)

RNy

“iayealaly Afjenuue pup
‘¢ pue 7 S1B3A 10 Aj[enuue
-luos teak 1 oy Aponengy

€720 Jo udtperSdn samseaw wisut jo SSIUAANOIFID BULIOHUOpY

1777 JO 1URIpRBUMOp SOINSTALL WL JO SSAUIATIDIJD FULIOHUO A

173 JO WRIPRIBUMOP SDIRSBIL UIIAUI O SSAUDAI0910 Funopuop

12 JO JUSIPRITUMOD SDINSEALU LWL JO SSIUIALDIJJD BULIONUOP

177 JO JURIPRISLEMOD SDINSEIL WL jo SSIUDATINAYD FULIOHUO

2 o e soanseatt wiaur jo SSOUDATLA)JO BULIONUO

dapinbu aaddn oy
Jo uonod 1amo] W/ [0V 18 sanseat Wi jo SSAUDALOA]JA BULONUO

) " B Samsual Wil jo S8AUIANDI} 1 FULIOHUO

CCWD

SN

RT-ND

60D

LTD

CTND
SIPA\ RJTDY 13dd))

ISK] EojouresL §

Krusnbaay Bunojuopy

Bupiopuoy 10§ uoseay

slidan Surioyuogy

JLAVHA

ORI() BULBIOW "toneIodio, ) SIOI0W [RIaUa ‘UEg FULIOHUO] 4B punoiry apy

M-S Jo Areunung

e eiqe ]

HITHW R ALHOVHID STy by




&/t

afieg

R _,mﬁnﬁmbccawngnﬁo..wmo,wﬂzm)ﬁimam?m

{(ZBOA .A [ DU 4]

SDOA (lenuy 5]

(@SIOA “(ienuuy 1]

(ZSDOA ‘(p)lenuuy g

@SDOA ‘(p)lenuuy i

(DSD0A ‘(enuny 5|

(eeorwsydoadory
TEDOA (HIBNUBY 44

(o) esruwny0adoLgy
DSDON “(lenuny i

(peowayovaory
(LSDOA (H)iBnuuy 5

(o)EoBYo0aFoIy
(DFDOA “(iBnuny i

jenuuy

jEnuny

feiluyy

[enuay

jenuuy

jenuny

Iajjealay) Ajjenuue pue
°f pue 7 saeadk 103 Afjenuue
~Huas “1eak 1o | 10] Aprapeng)

“Iayeasoy) Ajjenuue pue
‘¢ pue 7 sipak 10} Ajpenuu
-HUds “JEdA 15| J0J Aenen()

oy eaaaty Ajfentue pue
f pue 7 si1eak o) Afenuue
-Huas “IBak g | 10y Apanengy

“IRYEduRy Afenuuy pue
't pue 7 s1eah 10) Ajjenuue
-HUas auak g | 10f Apanend)

THYpuwT pue auls ayy o Justpesdumop Aljenb wiempuncsd Suponuopy

T Hpuey
UILHAS PUE 211 3y) Jo watpeidumop Ajjenb Jejempunold Suioyuopy

‘uoode
BUIISS HIn0S a1 Jo JdtprIBuaop Aipenb sarempunosd jo Sutonuopy

: ‘nooder
JuIeg ynog at Jo ustpesdumop Sipenb 1aeAMpunoss Jo JuLioyuop

‘woodey
Fuinos Yinos ail jo Justpesdumop Ayenb 1empunoss Jo Furopuoy

UOOTY
dunag ynog 2 Jo jusipraidn Agenb Iajempunodd Jo BuLIoHuo

€77 JOWRAPLITUMOP S2INSBAU WIS JO SSIUIATIIALJD FULIOHUDA]

11 upuec] Jojuatpeaddn Apjenb sspempunod
PUE €77 JO JUSIPRITUMOD S2INSEIU WLIAIUL JO SSAUIANIAYD Buronuo

1T Hypue Jo weipeaddn Sujenb reeaspuncsd
PUB -7 JO JUdIpRISn saunseaw Wi jo ssauaanoaga Surionuopy

1T IRpue g Jo juatprasdn Apjenb soempunosd
PU® ¢-73 )0 uatprifdn samseaws wiasiu jo ssouaannagyod Suonuopy

9-IND

8-ND

S5F-M

S-M

S-T-M

L1-¥H

FE-ND

ZEND

LSV

561
SHRAN by Jadd)

ISI] a83pureaR g

Louanbauf Burioyoy

Suriopuopy Joy uoseay

S{PAA duriopuopy

LAV

OO utRIOW “uonieiodio)) SI00p {r1auany “ueyy FuLoiuopy IDMPUNOIN AP 21K JO Arunung

BRI ELA S

SITNARALHOVYIO CITWIHY




1947

‘abieg

AL -G L0 S O OWER DI RO

(SDOA ‘()lenuuy 5]
([DSIOA (Hlenuuy yg
(@SIOA (pHlenuuy 45
(DSDOA ()ienuuy g
(OSIDOA “(plentuy g
(@SDOA “(Hleniuy i

(ESDOA ‘(pylenuuy i)

(SDOA ‘(pienuuy |
(DSOOA ‘(()iEnuuy i
(DSDOA "(lenuuy g
@SDOA *()lenuny 451
(@SIOA ‘() Bnuuy o]
{DSDOA (] )enuuy i)
(@SDOA ()lenuuy g

@SOOA “([)ienuuy s

renuy
ey
fentuy
jenuny
[enuuy
jEnuuy

[EnUuy

jenuuy
jenuuy
jenuuy
jenuuy
Ienuuy
jenuuy
jenuuy

jERty

A4S 5y Jo wonod |enuad Ayt ul Aljenb sojempunosd BurIojtow
as 213 Jo vonsod fenuas sy ut Arjenb wmpunoad Bupopuop
21 34 Jo torod [eausd aur uy Ayjenb apempunoss Suoytop
s a3 jo uoiod penuao ay) ur Apjenb iempunosd FULIOPUON]
"901s Y} Jo uonsod Je1usd au b:m.:wu INEMPUNOIT BULIOHUON

A)1s oy jo JuaipesBdn Anjenb sorempuncu Surionuopy

s 2y Jo Juatpriddn Ayjenb sajempunois Sunionuopy

DS 2y Jo Juaipriumop Appenb 10empunoid Furronuop
3YIS Ay} Jo Juatpradumop Alfenb 1ajempunoss ulonuop
RS 24 o JusIprIBusop Alljenb smeapunod Sulonuopy
"BUS 2y} Jo JudipeiFusop Anenb 1awmpunosd w:EE:EE
“MIS YR Jo wApRISUMOp Ajtjenb satesmpunosd Sutionuopy
S Yy JO RtpeIZumop Ajjenb meapunosd Fuonuopy
RS Yy Jo atpradumop Ajjenb aaiesmpunold Sutionuop

U1 pUpueT] pue aus a3 jo juaiprifumop Arenb saempunosd Sunonuopy

R IR
S1-¥H
M

01-¥H
S[PA H9JInDY i3ao7)

9D
GI-WDH
FTNISM
81-ND
LI-IND
S1-IND
WD

Sk
Sl AL Tajinby dadd)

FElg REIRIG AT

Lauonbaay Bunrojruopy

SULIOHUOA J0j uosuay

SIPAA SuLIojION

LAVAA

Y ARION

‘wonerodior) SI0Jopy [RIoUAE) ‘Ul Sutionuop AAEMPUNOI) P ~2US JO ABUmg

RRE L)

YITIARALHOVYID SICY MY




S/

pbey S §-SMGE LT SO DS HO LOWER BN S

"SjuaA2 Furpdwues jenuue ay) o) pappe o M BTy BUIBRIS/A|14d 315 M 2143 Jo Lied se pajjeisul aq 03 sjjem sopnbe saddn
T 21qe |, uo pajuasaid sioppwered Kiowioge) pue pisy oy SapRyoduL s jeanaydoadolg ayy (5)
. “saualAx
PUE "2PLIOND [AUIA "DUNPR0IONOLI “AUBYIR0IO[PLI-[ 1] “auanjo) “BUBYIA0I0YORLID) DUIZUIG| AL “BUMISOIOJYIHP-7* | ~sunh DUINPROIONYOIP-7* | 81D
PUNPOCIONIIP- | DUBISOIOIYMP-T[ | "IUIZUDG STIOA JO IS oy10ads-auis ay) apnpdug it spuaas Sudwes fenuue Sunnewas ay) JoJ sijowmind ayj (o)
. S[EIAW paAjossip puk o1 | xipuaddy
PUE SOOAS X1 Xipuaddy “suatisolopaip-z°(-s1a pue sO0A X1 xpuaddy juass Buydwms fenuue 11 2y Joj pazdjeus aq [ siajaweaed Sutmopjo) sy ()

Spunoduios a1Uedio 9| ROA-IURS — SIOAS
‘spunodiios o1ueRio SR A - SHOA

SDOA ‘(| lenuuy yg1 jenuuy OIS Y} JO WRIpRISUMOp A3yenb 1a)empunoad Sulioniuopy 69 LI
(@PDOA (HiEnuny 51 |enuy "BHS Ay Jo yudiperdumop Anjenb relempunosd Supoyuopn 6D
(ZISDOA ‘(1)lenuuy 51 | [enuuy OIS By Jo quaIprISUMOp Ajijenb 1ajempuncid uroyuop £1-N(1
{DSDOA ‘(lEnuuY 5| jenuuy OUS Y3 Jo JusiprIBusop Ajpenb meeapunosd uLojuopy GOT-ND
(DSD0A ‘(Hemiuy 451 [enuuy s By Jo uarpeatumop Gijenb Jaempunasd Fuopuopy 1D
(ZISDOA “()lenuiy 1 RNy S Ayl Jo WRIpRITUMOp Lijenb 1m1eapunosd Sulojuopy CI-INN
(@SDOA '()ienuny j51 ey OIS JuL 10 JudtpesSumop rpenb aawpunodd Suonuopy [N
(@ISDOA “(plenuuy i jenuty Bs Ayl Jo nwipeisumop Sujenb iespunoss Suuonuop ¢-IAND
(OSDOA '(HlEnuuy 451 {enuuy A1 3} Jo wdIpraBumop ienb smeapunosd Fusonuopy a6l-IWoH
SH3AN Jojinby 36|

ISI] BaRIE] Asuanbauy Buptonuopy SULIGNUOLA] 20) UOSEDY SHOAA SULIOIuORy

LAvHd OO "PULRION] uoTieIodIo)) SIOIOPN [RIAUDK) ‘UB) ] FULIONUO PIBMPUNOILY IPLA-OUS Jo Jewung T -¢ 9jqu ]

HITHABALHOVYID S YY




. . ¢ OLLL~¥BE/ P19 07 GIFZ-vL/rig W
-1 £000°2000"762000HO OIHO ‘ANIVIOW "o 10 e 5 e
N R NOLLVIOIIOD SYOLOW TV HINTD
; o el —_— SALLITOVA TVIWEAHL THdTHA NV B ¥TTIIN B ALHOVYIO mw
e G030 | 0w O30 OV M ATHNESSY ANIVIOW ‘ANIONH ANIVIONW |
o e |  wovn (St o LNOAVTALIS

st B el S

TEM ISYA DL dAfd HIIOO0Y ¥3MOT @
THM AEIAOOR YRANOY WEddN @

AAVANNOR AIN3d0UHA s
[k x5

HODG e oo




WEST DOROTHY LANE

[

E

MORA/NE

A
ADD,U%SNEMBL

IL.IIII-".KY'."I.A'

= W—-

L
£

@m

—

EAST RIvER RoAD

=

SELLARS 7
GM—18 o e%
N
! 700.20 N
=
g
- g
N 3
N GM—TO §
K 699.91 & €
N
N I3}
N o § LEGEND
3
§ GM-18
83 ") MONITORING WELL (SHALLOW)
® RECOVERY WELL
) * WELL SCREENED ABOVE THE UPPER CLAY TILL
/ 700.78 GROUNDWATER ELEVATION (FEET MSL)
26 704 — GROUNDWATER CONTOUR (FEET MSL)
) (DASHED WHERE INFERRED)
699.45 (701.77) PROBABLE MEASUREMENT ERROR
NM NOT MEASURED
— FLOW DIRECTION
o 200 700ft = gk == GROUNDWATER DIVIDE
J CONTOUR INTERVAL = 1 FOOT
DATE PROJECT MANAGER DRAWING NAME
11AUGO0 R. ASTLE \CRA\IMS—CMS\IMS—01
WATER TABLE SURFACE (UPPER AQUIFER) DRAWN LEAD DESIGN PROF. | CHECKED
ARCADIS GERAGHTY&MILLER ON SEPTEMBER 13, 1999 — — —l—
) PROJECT NUMBER FIGURE NUMBER
GENERAL MOTORS CORPORATION, MORAINE, OHIO
Sete 750, Dubli, O 43018 OH000294.0002.0007 1-2
Tel: 614/764-2310 Fax: 614/764-1270




/ MT69

=]
699.28

WEST DOROTHY LANE

[l

]

MOR A,
E 4

Roap

ENCRETE LANE

705.41
MT576M
@

MO, IN;
e ASSEMBLY PLANT
2

\
2
)
\
YEST _STR00P  fepsapy

2

S

MT596M
706.77 @

S RINGBORG

QG M=% MONITORING WELL (DEEP)
X FIRE WELLS

A INACTIVE PRODUCTION WELLS
Q@ ACTIVE PRODUCTION WELLS
@  PUMP TO WASTE WELL

® SEALED WELL
699.47 GROUNDWATER ELEVATION

LEGEND

=T=T— CONE OF DEPRESSION
—— GROUNDWATER FLOW DIRECTION

CONTOUR INTERVAL = 1 FOOT

(FEET MSL)
NM NOT MEASURED
0 200 700ft NA NOT ACCESSIBLE
e 706 = GROUNDWATER CONTOUR (FEET MSL)

(DASHED WHERE INFERRED)

DATE PROJECT MANAGER DRAWING NAME
11AUG00 N. GILLOTT \CRA\IMS~CMS\IMS~02
POTENTIOMETRIC SURFACE (LOWER AQUIFER) R LEAD DESIGN PROF. | CHECKED
AR IS SERACHTAMER GENERAL MO'Ig)Cl)\IRgEéFrOIEI\PAOBIEETJI-%EI-Q&QORAI NE, OHIO PO |
Suite 150, Dubi, O ’ ’ 0H000294.0002.0007 1-3

Suite 150, Dublin, OH 43016
Tel: 614/764-2310 Fax 614/764-1270




MORAN,
E A
ADp; 77803,5“ BLy,

COMPR
E.
BU/LD,,%OR

SPRINGEORO o

WEST DOROTHY LANE
i ] I

Tel: 614/764—-2310 Fax: 614/764-1270

aniaon LRED U | CRA\MS-ONS\MS-os8

LOCATIONS OF SWMUs AT LT | oo
ARCADIS GERAGHTY&MILLER ﬁ DELPHI THERMAL MORAINE mom _ _|iken " waom
GENERAL MOTORS CORPORATION PROJECT NUMBER FIGURE NUMBER
o MORAINE, OHIO 0H000294.0002.0007 1-4




WEST DOROTHY LANE

ENCRETE LAN ED

i
T

~

’A./A'll:."”."l.b

AOI 34
EXCAVATION

<7 ‘ “‘“ MORA/NE

AS.
PLant S}EMBL Y

[l

il COMP
| RE

BU/LD,ggOR

E 4
PLANTS§EMBLY
WEST STROOP ROAD

/

— [ 30Ve
SN G
'/'/ AOl 13 — BUILDINGS 4, 6, AND 13

AOl 36 — FORMER SOUTHWEST ASTs

LEGEND

AOI AREA OF INTEREST INVESTIGATED DURING
THE SUPPLEMENTAL RFI

SP/?//VG‘HO/?O Ro4ap

— — OUTLINES FORMER BUILDING LOCATIONS

LOCATIONS OF AOISAT I [ .

ﬁ MORAINE ENGINE AND MORAINE ASSEMBLY [Pow |0 oo mr  [gem —
ARMDIS GERAGHTY&MILLER GEN ERAL M OTORS CORmRATI ON PROJECT NUMBER FIGURE NUMBER
e 0 Do G e MORAINE, OHIO 0H000294.0002.0007 1-5




JAN 1993
CA 13.7
_1—DCA__[29.3
1.1—TCA | 5.4
TCE 16.1
HRF-9 o OM—24
JAN 1993 HR(1
1,1—DCA | 34.6 JAN 1993
1,1,1-TCA | 5.2 1,1-DCA [10.7
TCE 1.3
JAN 1993 |, HR'Sl
ALL VOCs [ ND |-&
JAN 1993
PCE [ 1.6 -
TCE [ 1.7 | 9.,
JAN 1993 Nok
PCE [ 1.6 fﬁmm"’é
TCE__ | 9.1 Goon
GM=30
W% N G
JAN 1993 2= Hil e
PCE [41.4 8 HRTZ FRa3 ®/GM—27
TCE | 9.3 W=3"Nw_2aN P Gg—zg
) HR-5 O
S /® CM—28*
JAN 1993 :
ALL VOCs [ ND | i
JAN 1993 -
[TCE__ | 4.4 | 7
® HrR-6
JAN 1993
CD 3.9
T—1,2-DCE| 1.6
1,1,1—TCA | 4.5
FCE 25.6
TCE 55.8| ...
TCFA I
JAN 93]0OCT 94
1.1,1-TCA | 2.6 ND o ME—6 SCT 594
PCE 12.2 | 10.4 = -
TCE 3.1 4.9 ME—-1 4
TCFA ND | 13.4 || lguis TRy .1=DCA_[153
ME>§9ME—2 L1—-DCE_[ 1.4
JAN 1993 T—1,2-DCE| 1.5
[R—té ME-3 1,1—TCA | 196
® PCE [ 34.7 L1
e TCE | 5.2 PCE 52.5 JAN 93]0CT 94
A TCFA | 29.9 TCE 62.4 ,1-DCA 8 10.5
1, 1—TCA | 18.9 16
JAN 93/0CT 94 GM=23 PCE 79.4 | 62.4
1,1,1=TCA | 'ND 1.2 TCE 834 | 71.4
TCE [ 4.6 3.9
@W-2-5 JAN 93[0CT 94
wis—s WEST, EAST, CF ND 1.2
) WS L1-DCA_ | 16.7 | 20.8
JAN 1993
- ,1-DCE 2.5 3.2
< T—1,2-DCE| 3.2 | 3.4 BENZENE | 6
JAN 93[0CT 94 BM<13S T75—TcA 86.7 458 CA 30.8
cD ND 1.6 GM-32 PeE 2111166 ,1—DCA__| 120
1,1,1—TCA | 2.5 2.7 4 TCE 157 ND T-1,2-DCE[ 13
PCE 166_| 36.9 AT EBENZENE | 108
[TCE 25 12.8 || cv-8 ) 1,1,1—TCA | 7.3
TCFA ND 6.3 & OCT 1994 PCE 2.2
TOLUENE | 1.1
s BENZENE [14.3] (2= nA
1-DCA | 218
GM-2 JAN 1993 T-1.2—-DCE| 22 vC 28.3
[ ) N
CH=16 TW-2 \ L1=DCA [ 3.1 EBENZENE | 459 | [XYLENES [70.6
1. 1—TCA [13.7 TOLUENE | 75.2
T PCE 7.6 XYLENES | 498
TCE 108
WSuU-24
JAN 1993 JAN 1993 LEGEND
1,1,1—TCA | 3.8 NOV_ 1994 1,1-DCA_|77.8
PCE 57 1,1,1—TCA | 3.1 EBENZENE | 45.9 & MONITORING WELL (SHALLOW)
TCE 28.9] 1o PCE 2.3 XYLENES 24 ) MONITORING WELL (SHALLOW) SAMPLED IN
TCE 20.7 1993 AND 1994
: J32A199?1 : ° RECOVERY WELL
T-1.2-DCE| 2.4 * WELL SCREENED ABOVE THE UPPER CLAY TILL
T,1-TCA| 8 JAN 1993 CA CHLOROETHANE
PCE 2.8 CA 12.3 cB CHLOROBENZENE
TCE 85.2 JAN 1993 CB 5.7 cD CARBON DISULFIDE
CA 10.2 ,1—DCA 117 CF CHLOROFORM
1,1-DCA | 144 T—1,2-DCE| 8.3 1,1-DCA 1,1—DICHLOROETHANE
T—1,2—DCE| 16.7 1,1—TCA | 4.3 1,1-DCE 1,1—-DICHLOROETHENE
1,1,1—TCA [17.9 TCE 25.3 T—1,2-DCE  TRANS—1,2-DICHLOROETHENE
PCE 1.1 VC 8.4 EBENZENE  ETHYLBENZENE
GM—26 TCE 62.3 1,1,1-TCA  1,1,1—TRICHLOROETHANE
g VC 17 PCE TETRACHLOROETHENE
TCE TRICHLOROETHENE
TCFA TRICHLOROFLUOROMETHANE
Ve VINYL CHLORIDE
ND NON DETECT
0 200 700ft
ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWNG NAME
1993/1994 VOC CONCENTRATIONS IN 11AUGO0 N. GILLOTTI \CRA\IMS—CMS\IMS—04
DRAWN LEAD DESIGN PROF. CHECKED
DELPHI THERMAL MORAINE RFI, GENERAL MOTORS CORPORATION, | PROECT NOMBER FIGURE. NUMBER
6397 Ei ld Park
Sult 150; Dublin, OH 43018 MORAINE, OHIO OH000294.0002.0007 1-6
Tel: 614/764-2310 Fax 614/764-1270




JAN 1993

cO_1 3
HR-10
HR—-12
JAN_ 1993
CD__[55 2
VC_ | 6.6 FW=1A
Xi44
N o
OR
fgmf%
Goow JAN 1993 \T596M
1—DCA [ 43.2
T-1,2-DCE[ 3.8
,1,1=TCA | 1.6
JAN 1993 HR=15 o)1z TCE 24 3
ALL VOCs | ND / 5
'
HR-13 49
@
JAN 1993
TCE | 4.6
Ve [ 7.7 ,
/:‘
/ MT576M
é2A ®
FW=3
-4
X 11A
FW-2
42 ~A
QD28
35 A
A
41
®
JAN 93]0CT 94 37
,1—DCA 2.4 ND 32
,1=DCE 1.7 ND a
,1,1—TCA | 6.6 3.3
TCE 80.1 | 56.7 i
Ve 25.8 | 37.2 R4
XYLENES 2.4 ND
&GM—K&D " MT68
" 45 A JAN 93]0CT 94 °
T=DCA - ,1—DCA 6.9 3.8
1,1—TCA [ 1.9 1=DCE ND [ 1.7
PeE ,1,1—TCA | 9.4 6
: GM—7R TCE 183 | 134
TCE 4.7
JAN 1993 oM—3 JAN 1993
1,1-DCA_| 2.4 GM=5 " GM-1 1,1,1-TCA | 8
TCE [ 3.7 GM+4 il PCE 4.7
TCE 42.4
GCM—15
gy JAN 1993
GM—14 ®CM—13 IGM—=20D ALL VOCs [ ND
LEGEND
o N PE‘SV |1969‘1‘ @ MONITORING WELL (DEEP)
M73C TCE | 1.8 @ MONITORING WELL (DEEP) SAMPLED IN
GM—9 1993 AND 1994
JAN 1993
1,1,1—TCA [ 8.6 X FIRE WELLS
PCE 5.5 A INACTIVE PRODUCTION WELLS
JAN 1993 TCE 29.1
LI-DCA_[14.5 Q ACTIVE PRODUCTION WELLS
T—1,2—DCE| 4.1
TCE 2.9 JAN 1993 D PUMP TO WASTE WELL
1,1,1—TCA | 4.6 ®
PCE 5.8 SEALED WELL
TCE 15.8 cD CARBON DISULFIDE
1,1-DCA 1,1—DICHLOROETHANE
MT69 1,1-DCE 1,1—DICHLOROETHENE
T—1,2—DCE  TRANS—1,2—DICHLOROETHENE
1,1,1-TCA  1,1,1-TRICHLOROETHANE
OCT 1994 PCE TETRACHLOROETHENE
ALL VOC ND TCE TRICHLOROETHENE
s | Ve VINYL CHLORIDE
o 200 700ft ND NON DETECT
ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWING NAME
1993/1994 VOC CONCENTRATIONS IN HAUG00 N.GLom | CRANMS-CMS\MS-05
DRAWN LEAD DESIGN PROF. CHECKED
DELPHI THERMAL MORAINE RFI, GENERAL MOTORS CORPORATION, | PROECT NuMBER FIGURE. NUMBER
6397 Emerald Parks
ot s MORAINE, OHIO 0H000294.0002.0007 1-7

Suite 150, Dublin, OH 43016

Tel: 614/764-2310

Fax: 614/764-1270




MARCH 1998
1,1-DCA 6.8
cls—1,2—DCE 1.4
MARCH 1998
1,1,1=TCA 15
L=t il MARCH 1998
1,2—DCA 1.8
T 1 1,1,1—TCA 1.1
cis—1.2—DCE 20.9 BrDICHLMTHN 3.4
T—T.2-DCE >3 CHLOROFORM 15.1
HE=9 ML 24
HR—11
MAR—9§ AUG—98
1,1—TCA <200J| 4.2
,1-DCA <200J] 10.9
,1-DCE <200J] 7 R
PCE 11200J] 8800 ® WoioN
TCE 3870J ] 1190
Gis—1,2—DCE__| 3870J | 3710
T—1,2-DCE <200J] 19.4
Ve 766J | 914
AUGUST 1998
1,1—DCA 2
Sim=s PCE 4.2
TCE 104
cls—1,2-DCE__| 54.9J
VC 8.5
MARCH_1998
PCE 2.6
cls—1,2—DCE 289
T=1,2-DCE 3.6 &) %
Ve 20.4 W@ N8
W—3-N V&_H:'Zg N
Hg\ AUGUST 1998
1,1—DCA 4.1
O w58 cis—1,2—DCE 4.6
HR-7
AUGUST 1998
1,1,1—TCA 10
MAR—9§ AUG—98 ;b‘E‘DCA sgo
1,1,1—TCA 1.5 ND s s s
1,1-DCA 2.1 1.5 GM—25 cis—1.2—DCE 127
FTCA 3.2 ND MARCH 1998 T—1.2-DCE 5
PCE 48.8 | 47.1 w59 ALLVOCs _ | ND :
TCE 89.8 | 46
cis—1,2-DCE__| 10.6 | 9.4
T—1,2—DCE 2.6 1.6
MARCH 1998 MAR—98 AUG—98
FTCA 3.7 HR-1 1,1 ,1_TCA 2.4 26.1
PCE 29 1,1-DCA ND 34
TCE 9.4 NEB PCE 193 114
cis—1,2-DCE 5 TCE 456 | 312
T—1,2—DCE 1.2 cis—1,2—DCE 15.2 17.2
=1,2-DCE T.1 | <1.0
W=1-s 8 et MARCH 1998
1.1,1—TCA 35.3
o ME“—'%%“";‘Z 1,1—DCA 13.5
— - 1,1=DCE 1.4
® MARCH 1995 MARCH 1998 PCE 75.6
HR-17 1,1,1=TCA 1.6J — = o
Ll & 1,1—DCA 1.3 TCE 64.1
TCE 4.5J) oM—22 PCE S. Cis_1:2_DcE 36 MARCH 1998
0 TCE 4.5 Ve 5.2 1,1-TCA 17.5
cis—1,2—DCE 1.6 ,1-DCA 6.4
1=DCE 1.3
PCE 66.2
e"2-S TCE 64
ks easTT cis—1,2—DCE 13.9
& Wt ,,Esrp MARCH 1998 T-1,2-DCE 6.4
NS5, ,1,1=TCA 55
.1-DCA 7.6
,1-DCE 4.5
FTCA 4.9
GM;ZL/__/ IFSE_1 2—DCE ;45% MARCH 1998
cu-s T—1,2—DCE 3.6 21,1-TCA 6.7
2 : L1—DCA 49.3
,1—DCE 1.0
PCE 20
TCE 95.2
™ cis—1,2—DCE 56.1
T—1,2—DCE 10
GM—160 MARCH 1998 vVC 10.1
OS2 1,1,1-TCA 5.9 e -t
M-18 g e : CHA 16.2
L v L2 ETHYLBENZENE | 28.9
PCE 8.5 -
MARCH 1998 XYLENE 10.3
TCE 75.1J
1,1,1-TCA 36.2 cis—1,2=DCE | 10.5J
1,1—DCA 35.3 0 :
P PCE 94
TCE 119
cis—1,2—-DCE__| 82.4
Vo x2=DCE 2.4 LEGEND
MARCH 1998 & MONITOR WELL (SHALLOW) ALL VOC CONCENTRATIONS REPORTED IN
1,1,1-TCA 2.3 b 1M¢2§H 19981 - ® RECOVERY WELL MICROGRAMS PER LITER (ug/L)
1,1—DCA 1.5 RE .
PCE 1.5 PCE 1.3 S momggHWg'é'- A(jgl'}é-}-oygggAMP'-ED X WELL SCREENED ABOVE THE UPPER
TCE 28 TCE 14.2 CLAY TILL
cis—T,9=DCE 3.6 1,1,1-TCA 1,1,1—=TRICHLOROETHANE
1,1-DCA 1,1-DICHLOROETHANE NOTES:
1,1-DCE 1,1—-DICHLOROETHENE :
MAR—98 [AUG—98 1,2—DCA 1,2-DICHLOROETHANE 1) WELLS GM—23, GM—26, GM—27, GM—28,
ua [PCE [ <1.0 1.2 PCE TETRACHLOROETHENE ME—6, HR—1, AND HR—3 WERE SAMPLED
- TCE TRICHLOROETHENE IN AUGUST 1998.
cis—1,2—DCE cis—1,2—DICHLOROETHENE
T-1,2-DCE trans—1,2—DICHLOROETHENE
FTCA FLUOROTRICHLOROMETHANE
Ve VINYL CHLORIDE
BrDICHLMTHN BROMODICHLOROMETHANE
CHLOROFORM CHLOROFORM
0 200 700ft | CHA CHLOROETHANE
=
ND NON DETECT
DATE PROJECT MANAGER DRAWING NAME
1998 VOC CON CENTRATI ONS I N 11AUG00 N. GILLOTT \CRA\IMS—CMS\IMS—OS
UPPER AQUIFER MONITORING WELLS DRAWN LEAD DESIGN PROF. | CHECKED _
GERAGHTY&MILLER SU PPL EM ENTAL RFI PROJECT NUMBER FIGURE NUMBER
6387 Emerdid Perlwcy GENERAL MOTORS CORPORATION, 0H000294.0002.0007 18
Suite 150, Dublin, OH 43016 N . -
T:II: 614/76:—2‘;10 Fax: 614/764-1270 MORAI NE! OHIO




WEST DOROTHY LANE

ENCRETE LANE

MAR 1998 / AST HAU A
1,1=DCA 2,5
C—1,2—DCE| 2.4 -
VC 2.7 —
~ s
:‘"’"'l/,,
T~ ]
o 8 J‘/J / ~~r/
-~ / Ul
o MOR AN,
Z / (3
LANDF/LL 3 ADD//;',SC‘)S\EMBL v
< / N
44 L2 N
A
MAR 1998
1,1-DCA [48.3
C—1,2—DCE| 23.3 Gt;%ERAL vor MT596M
-1,2— . Ui 0
T—1,2-DCE| 3.3 | | MORRRCK GRORS
1,1,1-TCA [ 1.3 I PE ASSEu
TCE 2.8 ANT LY(;
[
" 15 {]
5 | HR=13 g Cowy,
/L 9. PRES /
/ BU/LD/ SOR /
)/
THER, j
MA//\?L ?
NS Q /
q /j
GE\""
NE}
| Po%ggo%g
Il | ggOJgA//v
| AINE
ENG
/ PLANTS

WEST STROOP Roap

MAR 1998
p 1,1,1—TCA | 2.
PCE .
TCE 52.1
SELIARS _ ROAD oM~
GM—14OGM—1§ oM=20D// Q
: g LEGEND
o DN-13 8 K MAR 1998 @ MONITORING WELL (DEEP)
T ALL VOCs | ND
M73C ﬂ o Y @ MONITORING WELL (DEEP) SAMPLED IN
GM-9 2 8 MARCH 1998
—7] 8 R X FIRE WELLS
— 1998D § A INACTIVE PRODUCTION WELLS
1,1-DCA__ | 1.2 § Q ACTIVE PRODUCTION WELLS
C—1,2—DCE| 2.1 &
TCE 7.7 D PUMP TO WASTE WELL
]
1/ 1 ® SEALED WELL
/ 1,1-DCA 1,1—DICHLOROETHANE
MT69 C—1,2-DCE  CIS—1,2—DICHLOROETHENE
. T—1,2-DCE  TRANS—1,2—DICHLOROETHENE
7 1,1,1-TCA  1,1,1—TRICHLOROETHANE
MAR 1998 PCE TETRACHLOROETHENE
TCE TRICHLOROETHENE
A Ve VINYL CHLORIDE
ND NON DETECT
0 200 700ft ALL VOC CONCENTRATIONS ARE REPORTED IN
e ] MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWING NAME
1998 VOC CONCENTRATIONS IN 11AUG00 N. GILLOTTI CRA\IMS—CMS\IMS-07
DRAWN LEAD DESIGN PROF. CHECKED
ARCADIS GERAGHTY&MILLER ﬁ LOWER AQUIFER MONITORING WELLS R. SMITH N GILLOTT
PROJECT NUMBER FIGURE NUMBER
o SUPPLEMENTAL RFI, GENERAL MOTORS CORPORATION,
erald Parkway
St 150, Dublin, OH 43016 MORAINE, OHIO OH000294.0002.0007 1-9
Tel: 614/764-—2310 Fax: 514/764-—1270




WEST DOROTHY LANE
i ] I

MORAN,
E A
ADp; 77803,5’4 BLy,

COMPR
E.
BU/LD,,%OR

LEGEND

— —— OUTLINES FORMER BUILDING LOCATIONS
S MONITORING WELLS USED FOR CARBON SOURCE INTRODUCTION
AT REACTIVE ZONE #2 (RZ-2)

) MONITORING WELLS USED FOR CARBON SOURCE INTRODUCTION AND FIELD
PARAMETER COLLECTION AT REACTIVE ZONE #2 (RZ-2)

SPRINGEORO o

S NEWLY INSTALLED UPPER AQUIFER MONITORING WELL

s CARBON SOURCE INTRODUCTION WELLS, REACTIVE ZONES (RZ-1, RZ-3)

% OXIDATION AREAS (OA-1, 0A-2)

] 200 700ft
e
eo00 TR R A CMS\MS—09
ﬁ SITE LAYOUT FOR AOI 7 INTERIM MEASURES [oRaw LEAD DESIGN PROF. | CHECKED _
ARCADIS GERAGHTY&MILLER GENERALM%SX?I\?ES ((:)(I){?(I)DORATION — = —
g;l-;zsﬁ"ﬁ:?_hﬁxgﬁ’mse”ﬁ“_mm ’ 0H000294.0002.0007 4-1




SEPT 1999
,1—-DCA 52.2
,2—DCA 1.9
C—1,2—-DCE| 20.3
T-1,2-DCE| 3.2
1,1,1-TCA [20.3

TCE 18.1
SEPT 1999
1,1,1-TCA [ 2.7
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VC 3.8 TCE TRICHLOROETHANE
TCFA TRICHLOROFLUOROMETHANE
Ve VINYL CHLORIDE
ND NON DETECT
0 200 700ft ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWING NAME
3-MONTH VOC CONCENTRATIONS IN ;—;’:‘::m I'_“E'A‘;'L:;;':;N — — z::c\l'(’g'c"s\'“—s'“
PROJECT NUMBER FIGURE NUMBER
GENERAL MOTORS CORPORATION,
6397 Ei ld Park
Sulte 150, Dubli, OH 43016 MORAINE, OHIO 0H000294.0002.0007 4-4
Tel: 614/764-2310 Fax: 614/764—1270




HR~9 o GM—24
S1r-11
HR—SO MAY 26, 2000
© W—1—N 1,1=DCA 12.8J
1,1—DCE 6.6J
C—1,2—-DCE 4,080J
T—1,2-DCE 39.8J
PCE 6,200J
v(?:ICHLOROETHENE 11180(‘)JJ o
® 2—BUTANONE 35.2J
MAY_31, 2000 HR—4 MAY 31, 2000 1—DCA 6.3
N - 1,1-DCA 2.2 1=DCE 1.6
1,1-DCA 60 = c lnll= E
ETHYLBENZENE [1,760}0 7, C—1,2—-DCE 12.7 C—1.2-DCE 1,190J
NIENE 98 {TTLNe PCE .5 T—1,2-DCE 8.9
XYLENES 5-46801°00N TRICHLOROETHENE | 111 PCE 24.6
: VC 7 1, 1—TCA 32.5
TRICHLOROETHENE | 649J
o TCFA 140
WSk ALEG VC 1.7
S i MAY 25, 2000
W~3—-N S () - 3
W—4-NHR=2L8 N2 ACETONE 85.7J
2—BUTANONE 596J
© GHR=5 Gm=l2B| MAY 26, 2000 <T3-11 22-8gEE 23’27J
HR=7 0\ 2-BUTANONE 3,070 ETHYLBENZENE [ 1.5
. : PCE 1.8
MAY 23, 2000 é_11_ 2E|EJCE 237‘80 TOLUENE 1.4
MAY 23. 2000 1,1-DCA___ | 4 5= $ TRICHLOROETHENE | 5.8
: C-T.2-DCE [ 4.2 T—1,2—DCE 36.5
1,1-DCA 2.3 2 : PCE 30.2 ve 9.1
C—1,2-DCE 12.2 1,1,1—TCA 18.1 °
T—1,2—DCE 2.8 TRICHLOROETHENE | 14.8 oM=25
PCE 3491 | TCFA 54.4
1,1-TCA 1.8 HR—6 VC 1.9
TRICHLOROETHENE | 76.5 MAY 25, 2000 MAY 25, 2000
TCFA 2.9 2—BUTANONE 84.9J
ACETONE 73.4J CHLOROETHANE 2.6
2—BUTANONE 1,0404 T1-DCA 7 MAY 25, 2000
MAY 31, 2000 1,1—DCA 1.4) =T 5-DCE 156 1,1—DCA 32.5
1.7=DCA 1.8 C—1,2—-DCE 712 — 75— C—1,2—-DCE 29
: T—1,2—DCE 7.5 T=1°5-DCE £3
C—1,2-DCE 48.1 R ;EI]:-Z-DCE 1%-12 1,1,1—TCA 4.6 - —-
TRICHLOROETHENE | 8.4 : .
TRICHLOROETHENE | 28 VOICHLOROETHENE 6.5 1,1,1-TCA 27.4
WAY 30,2000 VC - 3 TRICHLOROETHENE | 103
C—1,2—-DCE 1.5 ME—6 MAY 25, 2000
PCE 21.8 1,1=DCA 7.7
TRICHLOROETHENE | 5.2 1,1—-DCE 1.02J
New-1-75 an-314g/]1] MES C—1,2-DCE 32
ME}@E—Z T-1,2-DCE 1.5
— PCE 54.6
Py - V=3 —MAY 24, 2000 1,1,1—TCA 20.5
HR_17 C-T5-DeE S U(R:ICHLOROETHENE £:1.23
PCE 3 .
MAY 24, 2000 TRICHLOROETHENE| 3.6
DCDFA 1.1
,1—DCA 7
,1—DCE 1.1
oW-2-S e
C—1,2—DCE 42.9 MAY 262000
o & T—1,2—DCE 2.7 B 55
W-3-§ Wo>  lauhos e 7 “1-DCE 2.4 MAY 24, 2000
Lt : C—1,2—-DCE 47.8 BENZENE 1.3
NAY 30,2000 o VO CHLOROETHENE | 104 T—1,2-DCE 7.4 2—-BUTANONE 20.5J
T1—DCA 260 — = . 1,1,1—TCA 27.9 DCDFA 1.9
T=12-DCE | 41) TRICHLOROETHENE | 311 1,1—DCA 45.9
: v, cm-g/// TCFA 2.4 C—1,2-DCE 29.8
F T—1,2—DCE 7.1
MAY 24, 2000 ETHYLBENZENE 29
PCE [21.8 M5 PCE 1.3
1,1,1—-TCA | 2.9 1,1,1—TCA 1.01
A MAY 24, 2000 TRICHLOROETHENE | 7.2
CHLOROETHANE 5.1 ve 31.4
OM16 oM=17 MAY 23, 2000 DCDFA 5.4 XYLENES 4.8
GM—18 1,1=DCA 2.8 1,1—=DCA 39.1
WSU—24 C—1,2—-DCE 28.3 C—1,2-DCE 234
S T—1,2-DCE 1.05 LEE.Z-DCE 480-17 LEGEND
l:f:‘]EJ—TCA Z:ﬁ 1,1,1—TCA _10:1 S MONITORING WELL (SHALLOW)
TRICHLOROETHENE | 84.1 TRICHLOROETHENE | 71.9 ) MONITORING WELL (SHALLOW) SAMPLED IN
GM—10 VC 23.5
MAY 2000
MAY 242000 VAT 232050 ° RECOVERY WELL
1,1—DCA 1.4 BENZENE T2 * WELL SCREENED ABOVE THE UPPER CLAY TILL
C—1,2-DCE 3.6 MAY 24, 2000 CHLOROETHANE 78 CF CHLOROFORM
PCE 1.2 DCDFA 1.1 CF 3.3 DCDFA DICHLORODIFLUOROMETHANE
1,1,1-TCA 2.4 1,1-DCA 17 DCDFA 3.2 1,1-DCA  1,1—-DICHLOROETHANE
TRICHLOROETHENE |22.4] |C—1.2-DCE 3081 {,1-DCA 39.9 1,2-DCA  1,2—-DICHLORAETHANE
1-1,2-DCE 2.3 C—1,2-DCE 150 1,1-DCE 1,1—DICHLOROETHENE
PCE 37.9| |¥=1.2-DCE 9.9 C-1,2-DCE  CIS—1,2—DICHLOROETHENE
1,1,1-TCA 15.7 ETHYLBENZENE 1.8 T—1,2-DCE  TRANS—1,2-DICHLOROETHENE
TRICHLOROETHENE | 82 PCE 26 PCE TETRACHLOROETHENE
oM-26 1.1 T=TCA 65 1,1,1-TCA  1,1,1-TRICHLOROETHANE
TRICHLOROETHENE | 38.7 1,1,2=TCA 1,1,2=TRICHLOROETHANE
Ve 312 TCE TRICHLOROETHANE
TCFA TRICHLOROFLUOROMETHANE
vC VINYL CHLORIDE
ND  NON DETECT
6 200 700ft ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWING NAME
6-MONTH VOC CONCENTRATIONS IN Avel N OLOTH | CRANMS-CNS\MS-23
DRAWN LEAD DESIGN PROF. CHECKED
GERAGHTY&MILLER UPPER AQUIFER MONITORING WELLS R. SMITH N. GiLLoTm
GENERAL MOTORS CORPORATION PROJECT NUMBER FIGURE NUMBER
b
6397 Ei ld Park
Sutts 150, Dubli, O 43016 MORAINE, OHIO 0H000294.0002.0007 4-5
Tel: 614/764-2310 Fax: 614/764—1270




SEPT 2000
,1-DCA_ [ 51
.2-DCA | 1.7
C—1,2—DCE| 16.3
T—1,2-DCE| 2.6
1,1,1—TCA [20.5
TCE 16.9
SEPT 2000
HRF-9 1,1-DCA_[32.9 o SM-24
C—1,2—DCE| 18.5
SEPT 2000 SEPT_2000 T-1,2-DCE| 2.6
1,1-DCA__| 29
1,1-DCA [ 5.1 C-15-DCEl 5.6 STk
C—1,2—DCE| 4.6 = :
: T—1,2-DCE[ 1.8
1,1—TCA | 9.9
SEPT 2000 TCE 1.1
1,1-DCA | 4.6
C—1,2—-DCE| 8.6 HR—8
T—1,2—DCE| 1.1
SEPT 2000
DCDFA 22.1
1,1—DCA 16.3
SEPT 2000 1,1—DCE 5.1
€=1,2-DCE] 2 [ALL VOCs | ND | C—1,2-DCE [5,620
TCE [7.3 T-1,2—-DCE [ 33.2
SEPT 2000 1,1,1,2—PCA| 1.5
BENZENE 2.7 PCE 3,470
1,1—DCA 50.6 1,1,1-TCA 2
SEPT 20|00 EBENZENE | 2,290 _}é1E.2—TCA éb‘:’;
C—1,2—DCE[ 1.2 TOLUENE | 98.9
. el Ve 8071 SEPT 2000
XYLENES | 6,770 R
l C—1,2—DCE[ 13.9
PCE 1.2
SEPT 2000 el TCE 112
C—1,2-DCE| 282
T—1,2-DCE[ 3.9 iy A o 2000
VC 24 —N » -
W—d—NHE=20 /oM -7 1,1—DCE 3.1
i C—1,2—DCE| 2,871
T—1,2-DCE| 14.4
® HR-5 i 1,1-TCA [24.5
HR=7 SEPT 2000 PCE 20
AC 156 TOLUENE [ 2.2
SEPT 2000 MEK 2.100 TCE 289
C—1,2—-DCE| 5.6 1,1=DCA 9.9 TCFA 80.6 |
TCE 8.1 C—1,2-DCE| 37 VC 788
SEPT 2000 TOLUENE 3 T-1,2-DCE][ 22.3
T.1—DCA | 2.4 | [XYLENES 2 PCE 2.3 o
C—1,2—DCE| 8.5 1,1,1—=TCA | 5 GM-25
T—1,2-DCE| 3.2 o vros TCE 1.6
PCE 32.6 - TCFA 10.1
1,1,1—TCA | 1.3 VC 12.4
R 20.2 SEPT 2000
: C—1,2-DCE ] 98.8
PCE 6.7
TOLUENE 1.9
SEPT 2000 fiR 71 T—1,2—-DCE_| 2.5
PCE 3.7 TCE 19
1,1,1—TCA | 1.9 VC 6.1 1 15?& 200(1) 1
TCE 4.4 2 c
- C=1,2-DCE[ 40.2
TCE 8.5
SEPT 2000
OW—1-5 GM—31 1,1—TCA | 6.4
SEPT_2000ME] JZO%UZENECE 12-;
- ME-3 —l,2— .
HR-16 & };}_Bgé 17; SEPT 2000 ,1-DCA | 3.4
SEPTIZO0OIT— <17 C—1,2-DCE|[ 77.3 PCE 1.6 R DER
—1,2— 1,1-DCA 2.4 vC 2.1
T = = T—1,2-DCE| 1.8 )
L= 5 PCE 55.8 $/C_1’2_DCE 1.9
1,1,1—TCA [22.2 | GM—PZ
SEPT 2000 TCE 97.2 SEPT 2000
w-2-5(TCE 2.5 | [VC 2 <1:'—11 gglASCE :547'46
1,1,1-TCA [ 2.8 AT Fo15-DCE[ 26
We3_3 W=a-s WEST PCE 68
S 1,1,1—TCA | 14.5
SEPT 2000 M TCE 104 SEPT 2000
1,1—DCA 1 A ACETONE 2,150
C—1,2-DCE| 4 MEK 4,800
PCE 15.4 . BM—21 CHLOROETHANE| 6.4
1,1,1—TCA | 3 - SEPT 2000 L1-DCA 35.9
TCE 1.3 1-DCA | 5.6 T—1,2—DCE 20.3
TCFA 3.1 g ,1I—DCE__| 1.6 TOLUENE 10.4
C—1,2—DCE| 38.7
w2 T—1,2—DCE| 12.9
CH=16 SEPT 2000 SE.-PT 2000 1,1,1—TCA [15.7
e BENZENE 1.1 L 27
oM=T7 S T e CHLOROETHANE | 4.1
oM—18 i 1,1—DCA 36.5
: c C—1,2—DCE 1.5
SEPT 2000 PCE__ 7.7 T-1,2—-DCE 5.4 LEGEND
PCE 16.2 1,1,1-TCA | 5.7 ETHYLBENZENE [12.5 s
1,1,1—1CA | 2.5 TCE 82.8 TCE 6.6 ) MONITORING WELL (SHALLOW)
TCE 3.5 vC 1. vC 2.4
. ) MONITORING WELL (SHALLOW) SAMPLED IN
N XYLENES 1.9 SEPTEMBER 2000
SEPT 2000
SEPT 705G C—1,2-DCE [2.7 ° RECOVERY WELL
1,1-DCE_| 1.4 = 1.2 * WELL SCREENED ABOVE THE UPPER CLAY TILL
C—1,2—DCE| 5.7 LLI1=TCA 2.1 AC ALLYL CHLORIDE
PCE 1.4 = c RS MEK 2—-BUTANONE
1,1,1—1CA | 2.5 CF CHLOROFORM
TCE 23.2 1,1-DCA 13 DCDFA DICHLORODIFLUOROMETHANE
ezt - 1,1-DCA  1,1-DICHLOROETHANE
-
[ALL VOCs | ND | CHLOROETHANE | 3.1 1,1,1-TCA 12.1 C’—1,2—DCE CiS—1,2—D|CHLOROETHENE
GM—26 DCDFA 1.8 TCE 56.6 T—1,2-DCE  TRANS—1,2—DICHLOROETHENE
1,1=DCA 27.8 ve 3.7 1,1,1,2—PCA 1,1,1,2—TETRACHLOROETHANE
¢—1,2-DCE 22.5 PCE TETRACHLOROETHENE
SEPT 2000 T-1,2—-DCE 2.9 1,1,1=TCA  1,1,1—-TRICHLOROETHANE
DCDFA 1.1 SEPT 2000 ETHYLBENZENE 10.4 1,1,2—TCA 1,1,2—TRICHLOROETHANE
C—1,2-DCE 23.9 €—1,2-DCE 41.6 1,1,1-TCE 4.5 TCFA TRICHLOROFLUOROMETHANE
T—1,2—DCE 1.8 PCE 24.6 TCE 43.1 Ve VINYL CHLORIDE
PCE 7.8 T—1,2-DCE 2.5 VC 5.9 0 200 700ft ND NON DETECT
1,1,1—TCA 31.8 1,1,1-TCA 6.7 XYLENE 3.2
TEE 175 TCE 48.4 ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWING NAME
2000 VOC FIRST ANNUAL CONCENTRATIONS IN ;—;’:‘::m 'L“E'A‘:L;‘;;':;N = — 2:;\:;2 CuS\2000-0t
GERAGHTY&MILLER UPPER AQUIFER MONITORING WELLS R. SMITH N. GILLOTT
GENERAL MOTORS CORPORATION, PROJECT NUMBER FIGURE NUMBER
6397 Emerald Parkwa;
Sulte 150, Dubli, OH 43016 MORAINE, OHIO 0H000294.0002.0007 4-6
Tel: 614/764-2310 Fax: 614/764—1270




[ SEPT 2000 |
ALL VOCs | ND

HR—-10

HR—12

SEPT 2000
1,1-DCA 2.2
C—1,2—-DCE| 2
Ve 2.5

X/rw-1a

Xi44
N o
0,
SETRNL SEPT 2000
Lacooy” |[([T,1=DCA__[39.5 \T596M
C—1,2—DCE| 14.1
T—1,2—DCE| 2.5 SEPT 2000
1.1.1—TCA [ 1.7 1,1-DCE__[ 7.4
TCE 2 C—1,2—-DCE| 8.4
MRS R4 31@/ TCE 12.9
SEPT 2000 ) 15/a VC 4.4
C—1,2—DCEI 2.8
vC 11.2 HR-13 39
(%]
/.f'
i MT576M
é2A ®
FW=3
¢
X 1A
FW-2
42 ~A
QD28
35 A
A
41
®
37
32
SEPT 2000 A
C—1,2-DCE] 3.5
TCE 2.9 FWi4
VC 15.7
SEPT 2000 ‘Z
1,1—DCA__[ 2.1
C—1,2—DCE| 8.3 CM-19D ' MT68
T—1,2—DCE| 1.1 45 a o
PCE 1.5
1,1,1—TCA | 1
TCE 9.4 MR
° SEPT 2000
SEPT 2000 TC151 7 gg
— ) GM-3 1,1= .
(1:'—11 gggCE %2 o GM;/ TCE 37.2
TCE 4.7 GM74 GN=5
»
GM—15 oN—-h1
GM—14 @CM—13 GM=20D,
LEGEND
o N @ MONITORING WELL (DEEP)
M73c SEPT_2000 SEPT 2000 @ MONITORING WELL (DEEP) SAMPLED IN
aM—9 1,1,1-TCA [ 1.4 TCE 14.3 SEPTEMBER 2000
PCE 3 PCE 4.2
TCE 41.3 1,1,1-TCE | 1.6 X FIRE WELLS
3 131E_PTTCf°|°? > A INACTIVE PRODUCTION WELLS
e [17.2 Q ACTIVE PRODUCTION WELLS
D PUMP TO WASTE WELL
® SEALED WELL
1,1-DCA 1,1-DICHLOROETHANE
MT69 C—1,2-DCE  CIS—1,2—DICHLOROETHENE
T—1,2-DCE  TRANS—1,2—DICHLOROETHENE
1,1,1-TCA  1,1,1—TRICHLOROETHANE
SEPT 2000 PCE TETRACHLOROETHENE
ALL VOC ND TCE TRICHLOROETHENE
s | Ve VINYL CHLORIDE
ND NON DETECT
0 200 700ft ALL VOC CONCENTRATIONS ARE REPORTED IN
MICROGRAMS PER LITER (ug/L)
DATE PROJECT MANAGER DRAWNG NAME
2000 VOC FIRST ANNUAL CONCENTRATIONS IN 1/29/2000 N GLOTH | CRANMS-CMS\2000-02
DRAWN LEAD DESIGN PROF. CHECKED
GERAGHTY&MILLER LOWER AQUIFER MONITORING WELLS R. SMITH N. GLLOTM
GENERAL MOTORS CORPORATION PROJECT NUMBER FIGURE NUMBER
)
6397 Emerald Parks
Sulte 150, Dublin, O 43015 MORAINE, OHIO 0OH000294.0002.0007 4-7
Tel: 614/764-2310 Fax: 614/764—1270




o= 7

1 |
0 —
)/OXIDATION AREA
- # 1 (0A-1)

~ GM—-27

OIL HOUSE
_—" BLDG 7

E 2 ; |
I+ OXIDATION AREA
/# 2 (0A-2)

FORMER

COMPRESSOR BUILDING

(Y
a

o

LEGEND
SHALLOW MONITORING WELL
OXIDATION WELLS (NOT USED FOR TESTING)
OXIDATION AREAS
OXIDATION INJECTION WELL (ALSO USED TO
COLLECT OXIDATION FIELD PARAMETERS AND
SAMPLES)
WELLS USED TO COLLECT OXIDATION FIELD
PARAMETERS AND SAMPLES.
SHALLOW MONITORING WELLS USED TO
COLLECT BIOREMEDIATION FIELD PARAMETERS
CARBON SOURCE INTRODUCTION WELLS USED
TO COLLECT BIOREMEDIATION PARAMETERS.
BIOREMEDIATION WELLS (RZ-—1A)
CARBON SOURCE INTRODUCTION WELLS
BIOREMEDIATION WELLS (RZ—-1B)

APPROXIMATE LOCATION OF CURRENT
MORAINE ENGINE TANK FARM

GERAGHTY&MILLER

Suite 160, Dublin, OH 43018
Tet 614/764-2310 Fax: 614/764-1270

BIOREMEDIATION REACTIVE ZONE #1
AND OXIDATION AREAS
GENERAL MOTORS CORPORATION
MORAINE, OHIO

DATE PROKCT MANAGER | DRAMNG NAME

17AUG00 Lo \CRA\MS—CHS\IMS-12

DRAWN LEAD DESIGN PROF, | CHECKED

R. SMITH RED [N ewom

PROKECT NUMBER FIGURE NUMBER
0H000294.002.007 4-8




LEGEND
O 200 7OOft Q MONITORING WELL (SHALLOW)
e T gy P
BIOREMEDIATION REACTIVE e waod | oie dwe
SERACHTYSMILER GENERAL Mg'l(‘)(l;Ilgs #CZORPORATION oo o —
e 130, a0 3016 0H000294.0002.0007 4-9

50, Dublin,
Tel: 614/764-2310 Fox

614/764-1270

MORAINE, OHIO




VERF,
PARIINY
Lor V@

FENCE

Ly

LEGEND

CARBON SOURCE INTRODUCTION WELLS
REACTIVE ZONE #3 (RZ-3A)

SHALLOW MONITORING WELL USED TO COLLECT
BIOREMEDIATION FIELD PARAMETERS.

CARBON SOURCE INTRODUCTION WELLS
USED TO COLLECT BIOREMEDIATION FIELD
PARAMETERS, REACTIVE ZONE #3 (RZ-3E)

S

0 300 FT

NOTE: INTRODUCTION WELL RZ-3LL WAS NOT INSTALLED DUE TO

PRESENCE OF UNDERGROUND UTILITIES.

DATE PROJECT MANAGER | DRAWING NAME
17AUGO0 JREID CRA\IMS—CMS\IMS—14
BIOREMEDIATION REACTIVE ZONE #3 [ORAWN LEAD DESIGN PROF. | CHECKED
GERAGHTY &MILLER GENERAL MOTORS CORPORATION (o=l e
OH000294.0002.0007 4-10




MORAINE, OHIO

0H000294.02

RZ—1 BASELINE RZ—1 3—MONTH RZ—1 6—MONTH RZ—1 1-YEAR
GROUNDWATER GROUNDWATER GROUNDWATER GROUNDWATER
1 FLOW Mnt2 FLOW Mnt2 1 FLOW Mn*2 1 FLOW Mnt2
« GM-29
CHa Fe+2
02
T SOy«
@A @G
i v!v gb%z.m_n_”_iz._. \i b‘vv gb%zmm_”_-)z._.
MORAINE MORAINE MORAINE MORAINE
ﬁw /\_lmm ENGINE ﬁw_/\_lmm ENGINE o ﬁw_/\_nmm ENGINE ﬁw_/\_nmm ENGINE
PLANT PLANT A PLANT PLANT
NOTE: NO OXYGEN SAMPLES WERE COLLECTED.
RZ-1 RADIAL DIAGRAMS R ﬁm\sg NSO O | ORAAMS- \RE 101
e [P
CERAGHTYAMILLER GENERAL MOTORS CORPORATION i ke |

4-11




RZ—-2 BASELINE

Mnt2

GROUNDWATER
FLOW

*

GROUNDWATER
FLOW

¢

RZ-2 3—MONTH

GROUNDWATER
Fe+2 FLOW
OIA e ¢
¥ ME-6 S04
0

=

Mnt2

i
S

. GM—22

T

RZ—-2 6—MONTH

Mnt2

Fe+2

S04

RZ—-2 1-YEAR

§3+N

GROUNDWATER
FLOW

¢

Fet2

S04

NOTE: NO OXYGEN SAMPLES WERE COLLECTED.

RZ-2 RADIAL DIAGRAMS e T [ 7 o gl |- 1
GERAGHTY&MILLER GENERAL MOTORS CORPORATION s |cemo
MORAINE, OHIO 0H000294.02 4-12




RZ—-3 WEST BASELINE

M 3+N
O _l_A. —-IQ +2
WEST

GM-19S S04

LANDFILL
L1

RZ-3 WEST 3—MONTH

§3+N
CHa4 Fe+2
WEST
SOy

LANDFILL
L1

RZ-3

WEST 6—MONTH

M2
CHa4 Fe+2
WEST

LANDFILL
L1

RZ-3 WEST 1-YEAR

GM-32

LANDFILL
L1

NOTE: NO OXYGEN SAMPLES WERE COLLECTED.

DRAWN DATE PROJECT MANAGER DRAWING NAME
R. SMITH 1/29/2001 N. GILLOTTI CRA\IMS—\RZ3W-01
RZ-3 WEST RADIAL DIAGRAMS — [ERD DESION PROF. GHESKED —
GERAGHTY&MILLER GENERA __ﬂ\__/%my_._n_u/__umom_n_u___u%g._._ ON PROJECT NUMBER | FIGURE NUWBER
_ OH000294.02 4-13




RZ-3 EAST BASELINE

M 3+N

CHa Nlm +N

S04

oSu.a:.oS

/.

NOTE: INTRODUCTION WELL RZ-3LL WAS NOT INSTALLED DUE TO
PRESENCE OF UNDERGROUND UTILITIES.

RZ-3

NOTE: INTRODUCTION WELL RZ-3LL WAS NOT INSTALLED DUE TO
PRESENCE OF UNDERGROUND UTILITIES.

EAST 3—MONTH

M _)+N

\\ .;,.,.n_

RZ-3 EAST 6—MONTH

M 3+N

NOTE: INTRODUCTION WELL RZ-3LL WAS NOT INSTALLED DUE TO
PRESENCE OF UNDERGROUND UTILITIES.

NOTE:

RZ-3 EAST 1-YEAR

M 3+N

/.

1. INTRODUCTION WELL RZ-3LL WAS NOT INSTALLED DUE TO
PRESENCE OF UNDERGROUND UTILITIES.

2. NO OXYGEN SAMPLES WERE COLLECTED.

GERAGHTY&MILLER

T e oo | e a0
RZ-3 EAST RADIAL DIAGRAMS — LERD DESoN PROF. [ GRESKED
GENERAL MOTORS CORPORATION PROTECT NOWBER [ FIOORE OB

MORAINE, OHIO

0H000294.02 4-14




\
4000
3500 GM-29 .
m PCE + TCE W cis-DCE + VC
3000 . .
Groundwater Flow Dlrectlo:n GM-2
)
(@]
2
c
o
IS
I=
(o]
[&]
[
(@]
o
B 3Mo 6Mo 1Year B 3Mo 6Mo B 3Mo 6Mo B 3Mo 6Mo 1Year
DRAFT
@ Figure 4-15. RZ-1 Parent to Daughter Ratios, General Motors Corporation, Moraine, Ohio.
\_ ARCADIS Geraghty & Miller )

gmotors\gmemsireport\revised.ppt



Comewrtretion (ug/L)

B 3Mo

ME-6
mPCE + TCE mcis-DCE + VC

Groundwater Flow Direction

ME-3 GM-31
(lower portion
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Concentrations (ppb)

Figure 4-24. OW-1 Oxidation Data for Primary VOC Constituents,
General Motors Corporation, Moraine, Ohio
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Concentration (ppb)

Figure 4-25. OW-2 Oxidation Data for Primary VOC Constituents,

General Motors Corporation, Moraine, Ohio
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Concentration (ppb)

Figure 4-26. OW-3 Oxidation for Primary VOC Constituents,
General Motors Corporation, Moraine, Ohio
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Concentration (ppb)

Figure 4-27. GM-23 Oxidation for Primary VOC Constituents,
General Motors Corporation, Moraine, Ohio
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Figure 4-28. Groundwater Geochemical Laboratory Analytical Data, Oxidation Testing, General Motors Corporation, Moraine, Ohio.
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Solid Waste Management Units Description for Delphi Harrison Thermal Systems
Landfilis

Three landfills (Landfill L1, L2, and L3) on the Delphi Thermal site were investigated during the RFI
(Figure 1-4); these landfills are pre-RCRA, unlined, and uncapped disposal areas. Landfill L1 is located at
the southern end of the facility and covers an area of approximately 7.8 acres; it was used for the collection
and disposal of wastes generated by the previous plant operator, Frigidaire, for more than 20 years. Lanrdfill
L2 1s located north of Building 14 and east of the wastewater treatment facility, and covers an area of
approximately 3.7 acres; it was used for the collection and disposal of waste generated by Frigidaire from
1950 to 1975, Landfill L2 is located imunediately northeast of the North Settling Lagoon and northwest of
Landfill L2. and covers an area of approximately 1.6 acres; it was used for the collection and disposal of
sludge from the adjacent North Settling Lagoon System. An estimated 25,000 cubic yards of sludge were
placed m Landfill L3 from 1972 10 1979,

Surface Impoundments

Two surface impoundment SWMUs, the North and South Settling Lagoon systems (Figure 1-4), were
mvestigated during the RF1. These SWMUss are also i the process of RCRA closure as required by the
Ohio Environmental Protection Agency (Ohio EPA). The North Settling Lagoon is located east of Dryden
Road, west of the wastewater treatment facility. north of Building 14, and south of Northlawn Avenue. The
North Settling Lagoon covers approximately 4.6 acres. The South Settling Lagoon is located east of
Interstate 75, west of Dryden Road, north of Sellars Road, and south of East River Road. This lagoon covers
an esimated area of 7.9 acres.  Details of the operating history for these two SWMUs are provided in the
Description of Current Conditions {Geraghty & Miller, Inc. 1991).

Underground Siorage Tanks

The Admimistrative Order listed 19 underground storage tanks (USTs) to be investigated under the RFL; 13
of the 19 USTs were removed before the RFL. Three of the four remaining USTs (T1 [10,000-gallon tank],
T4 {10,000 gallon tank], and T12 [50.000-galion tank]) were removed during the RFL. Only T11 is still in
use. UST T11 1s used as part of the oily waste collection systern associated with the Waste Pile/Staging
Area. USTs T1, T4, and T12 were used to hold a similar waste fluid consisting of wash water or spent
detergent solution from a process that used polyester resins or potting compounds. RFI investigative
activities were performed at the West Tank Farm, at the South Tank Farm, and at USTs T4, T5/T6, T11, and
T12 (Figure 1-4).

Waste Pile/Staging Area

The Waste Pile/Staging Area (Figure 1-4) 1s located just north of Landfill L1 and east of Building 21. This
SWMU consists of a three-sided sludge bunker (90 feet by 30 feet by 3 feet high), a concrete staging area,
and drainage system associated with this area. The Wasie Pile/Staging Area covers approximately 2 acres.
The sludge bunker and staging area were originally constructed in 1976, This SWMU is used to manage
gnndmg studge from aluminum, steel, and cast iron machinery operations, steel and aluminum turnings and
empty drums,

;
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Liquid Waste Bumer

The Liquid Waste Burner (LWB) (Figure 1-4) was in operation from approximately 1957 to 1970; its
purpose was to meinerate spent solvents and oils. The liquids were transferred from on-site locations to the
LWB m 55-gallon drums and emptied into two adjacent underground holding tanks for temporary storage.
The liquids were then fed to the LWB and incinerated.

Fill Area

Before the south parking lot was constructed, fill material was used to bring the area up to grade level. The
fill material consisted of approximately 75 percent bottom ash (clinkers) from two solid waste incinerators
(burned combustible solid waste, such as wood, paper, and cardboard) and approximately 25 percent
porcelain sludge from an on-site manufacturing process. Figure 1-4 shows the location and approximate
aerial extent of the fill area (approximately 2.9 acres).

Additionat Areas of Investigation

Soil samples were collected from 12 borings during Phase I in the Background Area to obtain data
concernng background concentrations of metals in soils. Two additional borings were drilled during Phase
H of the RFT to collect soil samples for analysis of acetone, which had been detected in the background soil
samples collected during Phase 1. Surface water/sediment samples were collected to support the risk
assessment, to determine background conditions for surface water and sediment, and to determine if further
sampling was required. The area south of Landfill L1 was investigated to further define the extent of
groundwater contamination in that area by collecting groundwater samples from an existing upper aquifer
monitor well, WSU-24, and from a lower aquifer monitor well, GM-20D, that was installed during Phase II
of the RFL. Soil samples were collected during the installation of Well GM-20D to determine whether the
soil contained hazardous constituents. Figure 1-4 shows the location of these additional areas of
investigation.

Page.
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Table 4-1. Upper Aquifer Monitor Well Water-Level Elevations Measured During Phase I,
January 1993, Harmson RF1, Harrison Division - General Motors Corporation

Morame, Ohio
Well MP MP Depth-to-Water Water-Level
(Topof ) Elevation from MP /\Eievaz:'on
W-l-N PVC 735.02 3167
W-2-N PVC 731.68 2489
W-3-N PVC 733.66 2705
W-4-N PVC 731.63 25.03
HR-} PVC
HR-2 PVC
HR-3 PO
HR4 PVC
HR-5 PVC
HR-6 PVC
HR-7 PVC
HR-8 BVC
HR-9 PVC
HR-11 PVC

695.00%
70513
705.19
704.51
704 .46
704.48
73581 31.45 704.36
731.36 2718 704.18
730.27 26.15 704.12
73517 30.96 704.21
723.90 20.30 703.60
72530 2136 703.94
723.84 19.50 T03.94
72380 1994 703.86
13085 26.14 704.71
730.98 26.02 704.96
730.90 2593 704.97

PV Polyvinyl chloride.

MP Measuring point,

* Probable measurement error.

All elevations and water-level eievations reported in feet above mean sea level (msl).

Depth-to-water measurerments reported in feet below MP.

All water-level measurements were collected on January 29, 1993, using an electronic water-level probe.

PHARRISONSSRFTTABLESSHWELS 1 DOC

GERAGHTY & MILLER, INC.



Table 4-2. Lower Aquifer Monitor Well Water-Level Elevations Measured During Phase 1.
January 1993, Harrison RF1, Harrison Division - General Motors Corporation,

Moraine, Ohio.
Well MP MP Depth-to-Water Waterd].evel
(Topof ) Elevation from MP /{\Ekom
GM-1 PVC 735.74 31.95
GM-3 PVC 730.44 27.17
GM-4 PVC 731.46 . 28.20
GM-5 PVC 731.29 :

GM-TR PVC 735.61
GM-9 PVC 724.07
GM-11 PVC 723.71
GM-13 PVC 723.82
GM-14 PVC

GM-15 PVC

GM-19D PVC
HR-10 PVC 707.93
HR-12 PVC 707.83
HR-13 PVC 706.54
HR-14 PVC 706.47
706.38

HR-15 P/@\

vel efgvations reported in feet above mean sea level (msl).
Depth-to-water measuremengs reported in feet below MP,
casurements were collected on January 29, 1993 using an electronic water-level

hamson@Srfivablesdipweld-2 doc

GERAGHTY & MILLER, INC.



Table 4-3  Lower Aquifer Production Well Water-Level Elevations Measured During Phase 1,
January 1993, Hamison RFL, Harmson Division - General Motors Corporation,

Moraine, Ohio
Well MP MP Depth-to-Water reter-Level
(Topof ) Elevation from MP /%vation
32 Port Hole 732.10 70390
35 Rim 733.96 0424
37 W. Port Hole 731.24
42 Rim 731.62 704.54
44 Port Hole 734.62 NM
45 Steel 731.03 703.75
46 Steel 733.34 703.78
"A" Port Hole 739.00 706.90
FW-1 Airline Hole 740.90 707.30
FW.2 Aurline Hole 737 32, 70 70478
FW-3 Airiine Hole 39,26 (inaccessible) NM
FW-4 Hole to West of 73 1% 26.90 70472
Airline

NM Not measu

o g ™) %

All elevations and ter—ie

Depth-to-water measu:emem 3

All water-level rneasure
probe.

reported in feet above mean sea level (msl).
ed in feet below MP. -
nts were collected on January 29, 1993 using an electronic water-level

GERAGHTY & MILLER, INC.



Table 4-4. Upper Aquifer Monitor Well Water-Level Elevations Measured during Phase 11,
October 1994, Harrison RFI, Harrison Division - General Motors Corporation,

Moraine, Ohio.
Weil MP MP Depth-to-Water Water-Level
{Topof ) Elevation from MP Elevation
W-1-N PVC 739.02 33.82
W-2-N PVC 731.68 2721
W-3-N PVC 733.66 2936
W-4-N PVC 731.63 27.34
HR-1 PV(C 732,71
HR-2 PVC 734.75
HR-3 PVC 736.75
HR-4 PVC 742.60
HR-3 PVC 734.27
HR-6 PVC 732.66
HR-7 PVC 73173

HR-§ PVC 74342
HR-9 PVC
HR-11 PVC
HR-16 PVC 701.97
HR-17 PvVC 702.20
W18 PVC 702.32
W-2-S PVC 701.33
W-3-S PV 701.27
{ 701.34
701.29
700.87
700.90
700.99
700.37
700.65
700.73
700.61
701.70
702.13
702.03
Steel Casing NA 32.49 NA
PV(C 725.10 23.87 701.23

PVC  Polyvinyi chioride.

MF  Measuring point.

All elevations and water-level elevations reported in feet above mean sea level {msl).

Depth-to-water measurements reported in feet below MP.

Water-level measurements were collected on October 20, 1994 using an electronic water-level probe.

PHARRISONGSRFTTABL ESSHWEL4-4 DOC
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Table 4-3. Additional Upper Aguifer Monitor Well Water-Level Elevations Measured
During Phase I1. October, 1994, Harrison Division - General Motors Corporation.
Moraine. Ohio.

Well MP MP Depth-to-Water Water-Level
(Topof_ ) Elevation from MP (f1) /Qevation
ME-1 PVC 728.20 25.57
ME-2 PVC 728.60 2595
ME-3 PVC 728.33 25.67
ME-4 PVC 728.56

ME-5 PVC 728.65
ME-6 PVC 728.60

GM-21 PVC 723, 701.84
GM-22 PVC 7 86& 2593 702.74
GM-23 PvC 73y.22 26.41 704.81
GM-24 PVC 747%1 < 40.74 706.87

vV

PVC  Polyvinvl chlorjde.
MP  Measuring point.

All elevations are tcicirte :
Depth-to-water measureme
‘Water-level measurements we
level indicator.

O

feet abdwe mean sea level (msl),
ported n feet below MP.
collected on October 20, 1994, using an electronic water-

PHARRISONGSRFRTABLESSSHWEL4-$ DOC
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Table 4-6. Lower Aquifer Monitor Well Water-Level Elevations Measured During Phase I1.
October 1994, Harrison RFI, Harrison Division - General Motors Corporation,

Moraine, Ohio.
Well MP MP Depth-to-Water Water-Level
(Topof ) Elevation '
GM-1 PVC 735.74
GM-3 PVC 730.44
GM-4 PVC 731.46
GM-5 PVC 731.29
GM-7R PVC 735.61
GM-9 PVC 724.07
GM-11 PV(C 723.71
GM-13 PVC 723.82
GM-14 PVC 723.50
GM-15 PV(C 725.23
GM-19D PVC
GM-20D" PVC
MT-69 Steel
HR-10 PVC 36.82 705.99
HR-12 P 36.69 705.95
HR-13 vC 735.03 30.34 704.69
HR-14 731.63 27.64 703.99
HR-15 QP 733.74 29.75 703.99

PVC yinvi chiorM

MP Measuhipg point.

All glevgrionsand water-level elevations reported in feet above mean sea level (msl).
th-toxwaterymeagurements reported in feet below MP.
Watsr-levelgrtasyfements were collected on October 20, 1994, using an electronic water-level

probe,
(I)  Notwyailable during Phase |.
(2)  Measured on October 27. 1994,

PHARRISONSSRFRTABLES DPWEL 4.6 [XX
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Table 4-7. Lower Aquifer Production Well Water-Level Elevations Measured During
Phase 11, October 1994, Harnison RF1, Harrison Division - General Motors Corporation,

Moraine, Ohio.
MP MpP Depth-to-Water Water-Level

Well (Topof __ ) Elevation from MP /{E‘Ievation

32 Port Hole 732.10 30.88 01.22

35 Rim 733.96 32.50 01.46

37 W. Port Hole 731.24 NM (sealed)

42 Rim 731.62 Q.00 791.62

44 } Port Hole 734.62 NM

45 Steel 731.03 701.01

46 Steel 733.34 701.18

"A" Port Hole 704.25
FW-1 Aurline Hole 705.02
FW-2 Aurline Hole 701.90
FW-3 Airline Hole 702.47

701.20

Fw-4 Hole to of
rline

PVC Polyvinyl chonitle.
MP  Measuring point.
NM i asured.
ations and water-level elevations reported in feet above mean sea level (msl).

-lg-water maasurement reported in feet below MP.
ater-level measugements were coliected on October 20, 1994, using an electronic water-leve] .
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Semivolatile Organic Carbons (SVOCs)
and Polychlorinated Biphenyls (PCBs)

AR-1242 = Aroclor-1242

AR-1254 = Arocleor—12064

AR—-1260 = Arocior-1260

b2EPHT = bis(2~Ethylhexyljphthalate

BBZPHT = Butylbenzylphthalate

BNZaAN = Benzofa)Anthracene

BNZaPY = Benzo{s}pyrene

BNZbFL = Benzo{b)fluoranthene {Representis tg

of Benzo (b} fluoranthene and Be
CHRY = Chrysene
FLUORTH = Fluoranthene
2-MTNPEN = Z-Methylnaphthalene
PHNEN = Phenanthrene
PYR = Pyrene

Volatile Organic Carbons (VO

ACE = Acetone

BNZ = Benzene

CA = Chloroethane
CB = Chlorobenzene
CDh = Carbon disulfide

CFM = Chloroform

1.1-DCA = 1,1-Dichloroethane
[,2-DCE = i

1. 1-DCE =
Ci,2-DCE
T1,2-DCE =
EBNZ =
MEK =

(y¥ne {total)

Inorganies (Metals)

5b = Antimony Hg = Mercury
As = Arsenic Pb = Lead

Ba = Barium Ni = Nickel
Be = Beryllium Se = Selenium
Cd = Cadmium Ag = Silver

{r = Chromium Tl = Thallium
Co = Cobalt V = Vanadium
Cu = Copper In = Zinc

CN = Cyanide

concentration
k) fluoranthene)
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Areas of Interest Descriptions for Moraine Engine and Moraine Assembly
AQOI 7 - Former Qif House Area

‘The Former Oi] House (Building 7) was located north of the Moraine Engine Plant 3 (former Frigidaire Plant
2, Figure 1-5), and was built at least as early as 1949. The Former Oil House Area consisted of the Oil
House (Building 7) and an outdoor area that contained underground storage tanks (USTs), ASTs, and a drum
storage area. This AOI was removed from service in 1979 when at least three buildings were demotlished
and all tanks were removed and either replaced or reused. The Oil House Building 7 and associated outside
structures covered a total area of approximately 48,000 square ft.

Virgin paints and chemicals necessary for production at the Frigidaire facilities were stored and mixed in the
Oil House, and pumped or transferred to various production areas. Materials were stored in both drums and
tanks. Materials were shipped to this area by railroad tank cars and tanker trucks. Virgin chemicals
including oils, paints, thinners, solvents, acids, toluene diisocyanate (TDI) and resins were stored inside the
Oil House. Alcohols were reclaimed and solvent blending activities were conducted at the O3l House.

The outdoor area just north of the Oil House had seventeen 8.000 to 15.000-gatlon ASTs used to store oil,
solvents, acids and other production materials, and three 15,000-gallon USTs used to store oil, Accordimg to
the 1976 Spill Prevention Control and Countermeasure (SPCC) Plan (General Motors Corporation 19763,
these tanks had a gravel floor and concrete containment dikes for spill containment. A drummed waste
storage area was also located just north of the Oil House and was used to store drummed waste otls, thinners,
alcohols, still bottoms from the Ol House and sludges contaimng chromium, nickel, and phosphorus.
Additionally, a May 1979 aerial photograph shows an area north of the Oil House was used for femporary
storage ol equipment, boxes. and drums during the conversion of Frigidaire Plant 2. As stated in the
Supplemental DOCC. GM announced the shut down of all Frigidaire operations in January 1979. During
1980 and 1981, the majority of the former Frigidaire Plant 2 was converted to the Moraine Engme facility.
A November 1979 aerial photograph showed that Building 7 had been demolished, and did not show
evidence of the equipment, boxes. and drums seen in the May 1979 aerial photograph. Copies of both the
aeriai photographs were included in the October 16. 1998 letter from Delphi Thermal to U.S. EPA, which is
presented in the Supplemental RFT Report.

AOI7 1s currently covered with asphalt. concrete, and the new Moraine Engine Tank Farm. This
aboveground tank farm and pump house were constructed in 1980 over the footprint of the former Oil House
tank farm. As concluded in the Supplemental DOCC, AQIL 7 may be a potentially significant source for soil
and groundwater contamination, and further investigation was warranted under the Supplemental RFL

ACI 13 - Former Buildings 4, 8, And 13

Buildings 4, 6, and 13 of the Frigidaire facilities were located south of the Moraine Engine Plant 3 (Figure -
5). Buildings 4 and 6 (also known as Moraine Engine Plant 4) consisted of approximately 300,000 square ft.
Buildings 4 and 6 were constructed in 1917 and 1926, respectively, and the buildings had many previous
uses including manufacturing of service parts, chemical storage, storage for otl recovery, and offices.
Frigidaire discontinued operations in 1979, and by late 1981 these buildings were unoccupied without heat,
In 1983, GM removed ten PCB-contaminated electrical transformers from Buildings 4 and 6 and disposed of
thern off site at a Toxic Substances Control Act (TSCA)-approved facility. Prior to 1985, GM removed
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ARCADIS GrragHTY 2 MiLLER

asbestos from piping within Buildings 4 and 6 and disposed of this material in an approved off-site facility.
In 1990, GM conducted a comprehensive study of the wood floor block in these buildings. The results
ndicated that PCB’s were present in the floor block. The wood floor block was removed, the concrete floor
beneath the wood floor block was cleaned and PCB sampling was conducted. Additionally, an area on the
south side of Building 4, formerly used for plating, was impacted by metals (primanly cadmiurn).
Decontamination activities began in 1995 and demolition of Buildings 4 and 6 took place in 1996.

Building 13 (also known as Moraine Engine Plant 5) was built in 1916 by the Cleveland and Lake Erie
Rarlroad Company (C&LE) and was used for railroad maintenance. It covered an area of approximately
60,000 square ft. GM acquired the building in 1941. From 1941 until 1979, the building was used for
maintenance purposes and storage. After 1979, part of Building 13 was used as a Hazardous Waste Storage
Pad. The concrete storage pad covered an area of 2,400 square {t and had the capacity to store 250 55-gallon
drums. It was used for storage of drummed quantities of waste paint thinner and sludges, chlorinated
solvents, and non-hazardous waste oil and process fluids prior to removal from the facility, The former
Hazardous Waste Storage Pad was clean closed in 1993, and closure was approved by the Ohio
Environmental Protection Agency (Ohio EPA). Cleanimg and decontamination activities of the remainder of
the building began in 1995, and demolition of Building 13 took place in 1996. During demolition, a portion
of a UST was found. The partial tank was approximately 5,000 gallons in volume and was determined to
previously have contained fuel oil used for heating purposes. The UST was taken out of service PTIOT O
1970. Sotl samples were collected from the cavity wall during demolition activities and the results were well
below the applicable Bureau of Underground Storage Tank Regulations (BUSTR) standards.

AOTL 13 is currently covered with an asphalt parking lot that was constructed in 1998. As concluded in the
Supplemental DOCC, there was a potential for AOI 13 to have been 2 potentially significant source for soil
and groundwater contamination, and further investigation was warranted under the Supplementai RF1.

AOI 17 - Buiiding 15

AOIL 17 includes Building 15 and a former Fri gidaire Plant 2 used-oi]l UST (Figure 1-5). Building 15
covered an area of approximately 17,000 square ft. and based on a review of aerial photographs, it was
constructed prior to 1949. The building was used for maintenance purposes and included a truck
aintenance repair area, an equipment steam booth area and a maintenance spray booth area located in the
center of the building. The 900-gallon steel UST located south of Building 13 and north of Building 15 was
used to store used oil from garage operations. It is unknown when this tank began operation. The used oil
present in the UST at closure contained VOCs (ethylbenzene, tetrachloroethene [PCE], toluene, and
xylenes), but no VOCs were detected in the soil tested during closure activities. It was removed and clean
closed under the BUSTR in 1994,

AOT 17 15 currently covered with an asphalt parking lot that was constructed in 199§ (Building 15 was
demolished and removed for off-site disposal as part of the parking lot construction). As conciuded in the
Supplemental DOCC, there was a potential for AOI 17 to have served as a historical source of chlorinated
VOCs detected in monitoring well GM-21, and further mvestigation was warranted under the Supplemental
RF1L

Page:
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AOt 34 - Excavation Area 1

AOI 34 was located north of the Moraine Engine Plant 3 and west of Springboro Road (Figure 1-5), and was
identified from a 1956 aerial photograph. The excavation area was approximately 300 ft long by 40 ft wide,
with the southern end contaimng a depression that wag possibly filled with liquid. This area was covered
with grass at the time the Supplemental DOCC was completed and during the Supplemental RF1 sampling
{conducted in August 1997). No information was available regarding the types of materials which may have
been handled in this area and their potential for releasing hazardous constituents. As concluded in the
Supplemental DOCC, no specific basis existed for further investigation at AOI 34; however, 2 limited
investigation to assess the potential presence of contarnination was recommended. AOI 34 is currently
covered with an asphalt parking lot that was constructed in 1998,

AQ! 35 - Excavation Area 2

AOI 35 was located north of the Moraine Assembly Plant 1 and east of Springboro Road (Figure 1-5), and
was identified from a 1956 aertal photograph. The excavation area was approximately 200 ft long by 150 fi
wide. This area was covered by a parking lot at the time the Supplemental DOCC was completed and during
the Supplemental RFI sampling (conducted in August 1997). No information was available regarding the
types of materials which may have been handled in this area and their potential for releasing hazardous
constituents. As concluded in the Supplemental DOCC. no specific basis existed for further investigation at
AOI 35; however, a limited investigation to assess the potential presence of contamination was
recommended. AOI 35 is currently covered by the parking lot associated with the new Moraine Assembly
plant. Construction activities began in late 1997 and will be completed in 1999,

AOI 36 - Former Scuthwest Above Ground Storage Tanks

AOI 36 was located in the southwest corner of the Moraine Engine facility and consisted of four sets of
concrete AST saddles (Figure 1-5). The two southern-most sets of saddles consisted of four larger saddles
per tank and were contained in an earthen dike area approximately 50 ft by 70 ft. The two northern-most
sets of saddles consisted of two saddles per tank and were contained in a separate 40 ft by 55 ft earthen dike
area. These tank saddles and earthen berms were identified during a site walkover in Junie 1997, A review
of aerial photographs mdicated that the two southern-most tanks were installed prior to 1949, One tank was
mstalled on the northern-most set of saddles between 1949 and 1956. These three tanks were present in the
1975 aenial photograph, but had been removed prior to the 1990 aerial photograph. There was no evidence
that the fourth set of saddles was ever used. Use of these tanks was thought to have ceased prior to the early
1970's; however, the tank saddles and earthen berms were still present during the Supplemental RFI
investigation. No information was available regarding the types of materials which may have been handled
i this area and their potential for releasing hazardous constituents. AOT 36 is currently covered with an
asphait parking lot that was constructed in 1998, As concluded in the Supplemental DOCC, no specific
basis existed for further investigation at AOI 36: however, given the probable use of the area for storage of
hquid mateniais, a limited investigation to determine if a release hagd occurred was recommended under the
Supplemental RFI
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ARCADIS GERAGHTY&MILLER
Table 3-1.  Analytical Results for Soil Samptles, AOI - 34 Excavation Area ! and AOI 35 - Excavation Area
2, General Motors Corporation, Moraine, Ohio.

" EAI-BHO EA2-BHO1
Fill Fill Native Fill Native

8/28/97 8/28/97 8/28/97 8/28/97 /28/97
Constituents Units 6 - 8 ft bos Dup-39 12-14ftbgs | 6-8ftbgs  22-24 ft bgs
YOCs ug/Kg ND ND ND ND ND
SYOCs
Fiuoranthene ug/Kg 449 <330 <330 402 <330
Pyrene ug/Kg 430 <330 <330 472 <330
PCBs mg/Kyg ND ND ND ND ND
Metals
Antimony mg/Kg <16 <16 <32 <33 <33
Arsenic mg/Kg 46.5] 124 318 3.16 3.24
Barium T mg/Kg 5821 66.9J 223 53.87 15]
Beryilium mg/Kg 0.9 0.8 <2 <2 <2
Cadmium mg/Kg <39 <4.9 <9.6 <99 <4.9
Chromium mg/Kg 12 15.1 <13 13 <13
Cobalt mg/Kg 7.6 6.52 <6.4 <6.6 <6.6
Copper mg/'Kg 153 15.1 <6.4 <6.6 <6.6
Lead mg/Kg i8 17.8 33 174 . 4.32
Manganese mg/Kg 331 277 714 299 311
Mercury mg/'Kg 0.025 0.632 <0.01 0.012 <0.01
Nickel mg/Kg 1R.6 153 24 7.3 7.6
Selentum me/Kg <1.63] <1.64] <1.66J <1.61] <1.64J
Silver mg/Kg <52 <1.3 <13 <13 <3
Thaliium mg/Kg <0.5 <{0.3 0.927 <0.5 0.683
Vanadium mg/Kg 207§ 24.9}) <16] <16J <17]
Zine mg/Ke 1641 141 201 49] 28)

EA - Excavation area.

ND - Not detected.

VOCs - Volatile organic compounds.

SVOCs - Semi-volatile organic compounds.
PCBs - Polychlorinated biphenyls.

< - Constituent not detected above laboratory detection limit shown.
mg/Kg - Milligram per kilogram.

ug/Kg - Microgram per kilogram.

{t bgs - Feet below ground surface.

DUP-39 = Duplicate of sample EAT-BH01(6-8).
I - Estimated Concentration.
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ARCADIS GERAGHTY&MILLER

Table 3-3. Analytical Results for Soil Samples, AOI 13-Buildings 4, 6, and 13, Genéral Motors Corporation.
Moraine, Ohic

Sample Description
BDG-DP1 BDG-DP13 Sail
2/19/98 2/19/98 Background

Constituents Units 4-8 ft bls 0-4 1t bls Level
Metals
Antimony mz/Kg NA <7211 NB
Arsenic mg/Kg NA 6.19 285
Bartum mg'Kg NA 103} 229
Beryllium mg'Rg NA 0.6 241
Cadmeum mg/Kg NA <1.1 12.6
Chromium mg/Kg NA 9.7 47.4
Cobalt mg/Kg NA 4.16 26
Copper mg/Kg NA 13.1 41
Lead mg/Kg NA 231 49.1
Manganese mgKe NA 611 1.600
Mercury mg/Kg NA 0.182J .69
Nickel mg'Kg NA 10.9 63.7
Seienium mg/Kg NA 0.643] 1.3
Silver mg'Kg NA <i.4 0.7¢6
Thallium mi'Kg NA <0.60 NB
Vanadium mg/Kg NA i6.5 844
Zine mgKg NA 82.3J 152
PCBs
Araclor 1016 mg/Kyg <0.56 NA
Aroclor 1221 mg/'Kg <1536 NA
Aroclor 1232 mg/Kg <0.56 NA
Aroclor 1242 mg/Kg <56 NA
Aroclor 1248 mg/Kg <{.56 NA
Aroclor 1254 mg/Kg 7.86] NA
Aroclor 1260 me/Ke <0.56 NA

Background tevels from the RFI Final Report Volume 11, Baseline Risk Assessment (ENVIRON Corporation 1996).
PCB - Polychlorinated biphenyl.

<~ Constituent not detected above laboratory detection limit shown.

mg/Kg - Milligram per kilogram.

NA - Not analvzed,

NEB - No background levels were calculated.

J - Estimated value,

UJ - Constituent was not detected above the reporting limit, detection limit is estimated.

ft bls - Feet below land surface.
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ARCADIS GERAGHTY&MILLER
Table 4-1. Water-Level Measurements During the Supplemental RFI, March 1998, General Motors Corporation.
Morame, Ohio.

Measuring Point  Depth-to-Water Water-Level

Well Elevation {feet) Elevation
Shallow Aquifer Wells _
W-1-N 73902 32.72 706.30
W-2-N 731.68 26.02 705.66
W-3-N 733.66 28.17 705.49
Wd.N 731.63 26.15 705.48
HR-1 732.71 28.77 703.94
HR.2 73473 29.26 705.49
736.75 31.29 70546
742.6 36.50 706.10
734.27 29.21 705.06
732.66 28.31 704.33
731.73 26.55 705.18
743.42 37.04 706.38
74351 36.58 706.93
743.33 36.59 706.74
727.01 23.48 703.53
726.43 22.72 703.71
729.29 25.50 703.79
726.64 23.72 702.92
73342 30.60 702.82
727.68 24.81 702.87
73581 33.01 702.80
731.26 28.82 702.54
730.27 28.13 702.14
73517 3271 702.46
7239 21.99 701.91
7253 23.15 702.15
723.84 21.62 7G2.22
GM-18 7238 21.65 702.15
GM-198 730.85 27.67 703.18
GM-26 722.29 20.70 701.59
EAST 730.98 27.42 703.56
WEST 731.08 27.62 703.46
WS1I-24 7251 2235 702.75
TW-2(1) : 73338 33.25 700.13
GM-21 724.2 20.49 70371
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, ARCADIS GERAGHTY&MILLER
" Table 4-1. Water-Level Measurements During the Supplemental RFI, March 1998, Genera! Motors Corporation.
Moraine, Ohio.

Measuring Point  Depth-to-Water Water-Level

Well Elevation {feet) Elevation
GM-22 72828 24.57 703.71
GM-23 730.99 2532 705.67
GM-24 747.29 40.06 707.23
GM-25 746.17 40.83 705.34
ME-1 728.06 2417 703.89
ME-2 728.4 24.56 703.84
ME-23 728.09 24.28 703.81
ME-4 72831 24 .57 703.74
ME-5 728.29 2487 703.42
ME-6 728.34 24.52 703.82

Deep Aguifer Wells

GM-] 735.74 33.29 702.45
GM-3 730.44 28.58 701.86
GM-4 731.46 29.62 701.84
. GM-5 731.29 29.20 702.09
- GM-7R 735.61 33.22 702.39
GM-9 724.07 22.71 701.36
GM-11 723.71 22.61 701.10
GM-13 723.82 23.35 700.47
GM-14 7235 23.15 700.35
GM-15 725.23 25.10 700.13
GM-19D -730.25 27.85 702.40
GM-20D 727.26 24.80 702.46
HR-10 74281 35.87 706.94
HR-12 742.64 35.80 706.84
HR-13 735.03 29.58 705.45
HR-14 731.63 26.21 70542
HR-15 733,74 28.44 705.30
M73C 716.55 16.13 700.43
MT68 746.45 41.80 704.65
MT69 722.71 21.34 701.37
MT576M 751.46 45.13 706.33
MT396M* 757.73 50.20 707.53

Page 2 of 3



o ARCADIS GERAGHTY&MILLER
" Table 4-1. Water-Level Measurements During the Supplemental RFI, March 1998, General Motors Corporation,

Moraine, Ohio.

Measuring Pomt  Depth-to-Water Water-Level

Well Elevation (feet) Elevation
Production and Fire Wells

32 732.1 23.79 70331
35 733.96 (29.54) 704.42
37 731.24 NA (bolted shut) NA
42 731.62 27.92 703.70
44 734.62 28.57 706.03
45 731.03 28.50 702.33
46 733.34 30.67 702.67
A 739 32.63 706.38
I2A 742.35 40.83 7G1.52
FWw-1 740.9 34.42 706.48
Fw-2 737.48 32.92 704.56
FW-3 739.26 NA NA
FW-4 731.62 28.35 703.27

. Measuring peint is to top of the PVC Casing.
- Water-level elevations are reported in feet above mean sea level (msl).

Depth-to-water elevations were measured on March 11 and 12, 1998 using an electronic water level
indicator except for HR-9 which was collected on March 16, 1998.

Depth-to-water measurements are reported in feet below the measuring point.

1. TW-2 is an active recovery well.

NA - Not accessible.

{ ) - Probable measurement error,

*Measuring point is top of cement housing.
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ARCADIS GERAGHTY& MILLER

Table 4-2.  Vertical Gradients For Shallow/Deep Well Pairs, March 11-12 1998, General Motors
Corporation, Moraine, Ohio

Shallow/Deep Wells Pairs Vertical Gradient
Drirection Magnitude
Upgradient
HR-9/HR-10 gt 0.01
HR-11/HR-12 U 0.10
On-Site
W-3.N/HR-15 b -0.19
W-4-N/HR-14 D -0.06
HR-3/HR-13 D -0.01
4S/GM-5 D -0.45
GM-8/GM-7R D -0.07
GM-16/GM-15 D -2.02
GM-2/GM-1 D -0.35
GM-18/GM-13 D -1.68
GM-17/GM-11 D ~1.12
GM-6/GM-3 U 2.72
Downgradient
GM-10/GM-9 D (.55
GM-26/MT-69 D (.22

D Downward gradient (-),

U Upward gradient (+).

“"Water-level measurement for HR-9 could not be collected on March 11-12, 1998 therefore, water-
tevel measurements from March 16. 1998 sampling event was used to conduct this evaluation.
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ARCADIS ceracHTY&MILLER

Tabile 3-15. Toluene Analvtical Results, AOQI 7 - Former Oil House Area, General Motors Corperation, Moraine, Ohio.

Sample ID Units Analysis Date Toluene
Groundwater Sample

OH-BHS5-37/HP ug/L 8/14/9% <2
OH-BH6-31.5/HP ug/L 8/12/98 11.6
OH-BH7-30/HP ug/L 8/13/9% 4.1
OH-BHE-38/HP ug/L. 8/19/98 6
OH-BH10-34/HP ug/L 8/19/98 1
GM-27-32/HP ug/L 8/12/98 17.1
GM-23/LF ug/L 8/28/9% <1
GM-27/LF ug/L 8/28/98 <}
GM-28/LF ug/L 8/28/98 <]
OH-BH11.33/HP ug/L 11/16/08 10.1
OH-BH12-33.5/HP ug/L 11/18/9% 19.9
OH-BH13.27/HP ug/L 1171898 36
OH-BH14-32/Hp ug/L 11/20/98 <2
OH-BH15-42/HpP ug/lL 11/17/98 2.6
OH-BH2ZA-37/HP ug/L 11/13/98 >444%
DUP-67 ug/L 11/13/98 >465%
OH-BH3A-30/HP ug/L 11/18/98 251

Soil Sample

.. OH-BH3-2/SL ug’Kg 8/17/98 <5
OH-BH3-20/5L ug/Kg 8/17/98 <5
OH-BH3-26/51 ug/Kg 8/17:98 <5
OH-BH6-2/5L ug'Kg 8/17:98 <5
OH-BH6-8/SL ug/Kg 8/17/98 <5
OH-BHé&-24/5L ug/Kg 8/17/98 <5
OH-BH7.2/5L ug/Kg 8/17/98 <5
OH-BH7-20/SL up'Ke 8/17/98 <5
GH-BH7-24/8L ng/Kg 8/17/98 <5
OH-BHB8-2/51. ug’Kg 8/20/98 <5
OH-BHS-18/SL ug/Kyg 82098 =5
OH-BHS-28/SL ug'Kg 820195 293
OH-BH10-2/SL ug/Kg 82198 . <3
OH-BH10-16/SL ug/Kg 821798 <5
OH-BH10-28/SL ug/Kg 8/21/98 <5
GM-27-2/S1, ug/Kyg 8/9/98 <5
GM-27.20/SL ug’Kg 8/9/98 <35
GM-27.24/5L ug/Kyp <5
OH-BHI11-2/81 ug'Kg 6.2
OH-BH11-20/SL ug’Kg 5.7
OH-BH11-28/SL ug/Kg <3
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ARCADIS GeracHTY& MILLER

Table 3-15. Toluene Analytical Results, AOI 7 - Former Oil House Area, General Motors Corporation, Morame. Ohig.

Sample ID Units Analysis Date Toluene
Soil Sample (continued)

OH-BHI12-2/SL ug/Kg 11/16/98 <5
OH-BHI12-14/SL ug/Kg 11/16/9% <5
OH-BH12-28/SL ug/Kg 11/16/98 <5
OH-BH13-2/SL ug/'Kg 11/17/98 <5
OH-BH13-22/5L ug/Kg 11/18/98 <5
OH-BH12-25/SL ug/Kg 11/17/98 <5
GM-23A-2/5L ugKg 11/13/98 <3
GM-23A-4/8L ug'Kg 11/12/98 13.9
GM-23A-5/SL ug’/Kg 11713798 <5
GM-23A-10:SL ug/Kg 11/13/98 <3

ug/L - Microgram per liter.

ug/Kg - Microgram per kilogram.

SL - Soil

HP - Hydropunch.

LF - Low flow.

DUP-67 - Duplicate of OH-BH2A-37/HP.

* Due to carryover, the calibration performed by NET on 11/13/98 did not pass the linearity criteria
of Method 8260, the RSD exceeded the 30% limit. Results were also reported from a 100x dilution. At this
ditution, NET estimated the toluene concentrations to be >24,800 ug/L for OH-BH2A-37/HP and >24,300 ug/L
for DUP-67.
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ARCADIS GERAGHTY& MiLLER

Table 4-5.  Bioattenuation Parameter Results n AOI 7 - Former Qii House Area. August 1998, General
Motors Corporation, Moraine, Ohio.

GM-23 GM-27 GM-28
COMPOUND UNITS 8/26/98 8/26/98 8/26/98
Inorganics & TOC
Nitrate mg/l 22 <44 <44
Nitrite mg/1 0.17 0.5 <0.033
Nitrogen, Ammonia mg/l <0.3 <(.3 <0.3
Manganese (Total) mg/l 0.343 0425 0.486
Manganese (Dissolved) mg/1 0.197 0.17 0.269
Iron (Total) mg/] 341 16 6.16
Iron (Dissolved) mg/} <0.10 .19 <110
Iron (Ferrous) mg/] <0.2 <0.2 <0.2
Suifate mg/1 50 %0 144
Sulfide mg/l <1 <2 <1
Total Organic Carbon mg/l 9 2 6
Chlonde mg/1 69 118 163
Permanent Gases
Carbon Dioxide mg/l 58.32 6342 3t.50
Oxygen mg/] 1.65 1.84 2.13
Nitrogen mg/i 17.27 2292 17.23
Methane mg/] 0.063452 0.010517 0.004460
Carbon Monoxide mg/] <0.40 <0.40 <0.40
Light Hvdrocarbon Scan
Ethane ug/l 5.136 4.599 0.990
Ethene ug/l 75.038 4.700 0.696
Field Parameters .
pH S.U. 6.57 6.80 7.02
ORP mV _ 2871 161.6 274.7
Temperature C 18.31 20.27 1924
Dissolved Oxygen mg/L 2.66 1.34 1.25
Specific Conductance umbhos/cm 952 1,271 1,336
mg/L Milligrams per liter.
ug/L Micrograms per liter.
S.U. Standard units,
mv Millivolts,
°C Degrees Celsius.

umhos/cm Micro-mohs/centimeter.
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VIEW FACING SOUTH, WITH MORAINE ENGINE TANK
IN THE BACKGROUND.

FARM IN THE MIDDLE AND MORAINE ENGINE PLANT

IN THE BACKGROUND.

VIEW FACING SOUTH, WITH CHIP PAD IN THE FOREGROUND AND MORAINE ENGINE TANK FARM

VIEW FACING NORTH, FROM DRIVEWAY WEST OF MORAINE ENGINE PLANT. MORAINE ENGINE TANK

FARM PUMP HOUSE IN THE BACKGROUND.

VIEW FACING NORTH, OF THE MORAINE ENGINE TANK FARM PUMP HOUSE.
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Figure 4-4.

PCE/TCE/cis-1,2-DCE/V C North South Groundwater Concentration Graph, Generd
Motors Corporation, Moraine, Ohio.
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R 3
BLANT L HISTORIC TANK No.  CONTENTS CAPACITY
NORTH P 15 ] 1 oL 15,000 GALLONS
2 OIL 15,000 GALLONS
e ] 3 oIL 15,000 GALLONS
Lt J 4 THINNER 8,000 GALLONS
b REDUCER 8,000 GALLONS
8 ALCOHOL 8,000 GALLONS
7 KEROSENE 10,000 GALLONS
8 PERCHLOROETHENE 10,000 GALLONS
9 PERCHLOROETHENE 10,000 GALLONS
300 FT 10 ALCOHOL 10,000 GALLONS
— e — 1 ALCOHOL 10,000 GALLONS
12 XYLOL 10,000 GALLONS
13 THINNER 10,000 GALLONS
14 FREON 12 160,000 LBS
16 FREON 12 160,000 LBS
18 oIL 30,000 GALLONS
17 ACID-HNOs 11,000 GALLONS
18 ACID-HCI 10,000 GALLONS
19 ACID-H2S0, 18,000 GALLONS
20 ACID-H PO, 11,000 GALLONS
21 DRUMS-OIL 300 BBL
OH—BHZ% 22 ACD @ @ ————
OH-BH13
[::]
/
ACID ACID
HOUSE STORAGE
[::]
H—BH18
AA
®0H-BH9
[::}
OH-BH1
CHIP
PAD
DH-BH16
® OH-BHB
OH—-BH2A 8
OH—BH10 _BHS
OOH—BHZE
OH~BH3
ea/ H-BH3A NOTE
OH-BH12 :
OH-BHI7—L_ @ BORINGS OH-BH1 THROUGH OH—-BH4 WERE
s 21 INSTALLED IN FEBRUARY 1998. BORINGS
o= g OH-BH13 OH-BH5 THROUGH OH—BH10 AND WELLS
GM—27 AND GM—28 WERE INSTALLED IN
GM—23A AUGUST 1998. BORINGS OH-BH11 THROUGH
OH-BHY1 EGGM—27 OH-BH20, OH—-BH2A, OH-—BH3A, AND GM-—23A
GM—23 WERE INSTALLED IN NOVEMBER 1998.
LEGEND
OH-BH7
° &  MONITOR WELL (SHALLOW)
_ _ OH-BH14
T oS ® 5 @  MONITOR WELL (DEEP)
[
OH—BH4 >  soIL BORING
]
@ ACTIVE PRODUCTION WELL
A INACTIVE PRODUCTION WELL
OH OIL HOUSE
GM-28
® BH BORE HOLE
FORMER LOCATION OF OIL HOUSE
STRUCTURES
APPROXIMATE LOCATION OF CURRENT
MORAINE ENGINE TANK FARM
DATE PROJECT MANAGER DRAWING NAME
MAR99 J. REID _ HARR\N—B\RFISU&
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HR-32 MAGNETIC
o NORTH
HR-11
PLANT
NORTH
0 300 FT
e —
[
OH—BH20
L]
OH—BH19
OH-BH18
4]
AA
©0OH-BH9
®OH—-BH1
CHIP
PAD
CH—BH16
& OH—BHB
)
OH—-BH2A
OHZBH10 \ OH—BH5
OH—-BH2—& /
G NOTE:
i . 1) CROSS SECTION OF A—A’ IS PRESENTED
oHBHI2 ON DRAWING NUMBER 3-7. CROSS SECTION
OH-BHI7 @ B—B’, CROSS SECTION C—-C’, AND CROSS
7 e 31 SECTION D-D’ ARE PRESENTED ON DRAWING
2] Q —_
ol ot NUMBER 3-8.
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LEGEND
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o
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MORAINE ENGINE TANK FARM
DATE PROJECT MANAGER DRAWING NAME
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CONCENTRATIONS FOR HYDROPUNCH AND GROUNDWATER SAMPLES ARE IN

NORTH \ | | MOC.._.I
A _ FORMER ! FORMER _ _ A
Q | ASTs _ CURRENT _ FORMER _
b o _ | ASTs I [ I
m 00 _ HOUSE
T @ T @ | - w < _ _
3 | o™ = | I | I RN n _6 |
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= 5 5 | 3 £z L 1T _
b | :
| ' )
_||--||||||_j,_ ! 3
730 LT 1 - 730
(I N
i
i
720 - 720
i
= VA =
v v % < i
| ; ; __ |
700 | m [l y o H - 700
\ Vs
% 7
690 - w §Qﬁr Ru 690
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e vy ]
670 — 670
% \ REGIONAL CLAY TILL
660 | | 660
7
95
650 - - 650
LOWER AQUIFER LEGEND
NN NN _”_ SUPPLEMENTAL RFI HYDROPUNCH SAMPLE 1.1.1=TCA=1,1.1~TRICHLOROETHANE
NP N - SUPPLEMENTAL RFI SOIL SAMPLE 11 DGR | —DICHLOROETHENE
o] — — — DASHED WHERE INFERRED TCE=TRICH BROETHENE =
A VC=VINYL CHLORIDE
_H_ SAND & GRAVEL, LOOSE CIS—1,2-DCE=CIS—1,2—DICHLOROETHENE
TRANS—-1,2—DCE=TRANS—1,2—DICHLOROETHENE
532.80 E SAND & GRAVEL WITH 20X%-80% SILT & CLAY CONCENTRATION FOR SOIL SAMPLES ARE IN MICROGRAMS PER KILOGRAM
B IS Ry S S B B 15 FT N SANDY, GRAVELY, SILT & CLAY (TILL) N GREEN TEXT
530 - H_H“H_H“H_H_w_m_uzooxl_x_HﬂH_H“H_\r 2 80% SILT & CLAY OR GREATER
L 11 1

150 FT

m BEDROCK

Y WATER TABLE DURING INSTALLATION

W WATER TABLE 3/98

NOTE: LOCATION OF CROSS=SECTION A=A’ SHOWN
ON DRAWING NUMBER 3-6.

MICROGRAMS PER LITER IN BLUE TEXT
J = ESTIMATED
ND = NO VOCs DETECTED

ONLY DETECTED VOCs ARE POSTED ON THIS FIGURE
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650 - L 650 - L 650 - - L 650
LOWER AQUIFER i LEGEND
[] SUPPLEMENTAL RFI HYDROPUNCH SAMPLE 1,1,1=TCA=1,1,1-TRICHLOROETHANE
1,1-DCA=1,1-DICHLOROETHANE
- SUPPLEMENTAL RFI SOIL SAMPLE 1,1—-DCE=1,1-DICHLOROETHENE
640 - L 640 L 640 - — — — DASHED WHERE INFERRED TCE=TRICHLOROETHENE - L 640
D SAND & GRAVEL, LOOSE MWHI&__WWWDMM_H.MW__M_WM_.Nl_u_n_.__.OmOm._.Imzm
TRANS—-1,2—DCE=TRANS—1,2—DICHLOROETHENE
] E SAND & GRAVEL WITH 20X-80X SILT & CLAY CONCENTRATION FOR SOIL SAMPLES ARE IN MICROGRAMS PER KILOGRAM
DD 8L sy o —
CONCENTRATIONS FOR HYDROPUNCH AND GROUNDWATER SAMPLES ARE IN
15 FT m BEDROCK MICROGRAMS PER LITER IN BLUE TEXT
J = ESTIMATED
m WATER TABLE DURING INSTALLATION ND = NO VOCs DETECTED
| | N WATER TABLE 3/98
- 150 FT NOTE: LOCATION OF CROSS—SECTION B—B’, C—C’, AND  ONLY DETECTED VOCs ARE POSTED ON THIS FIGURE

D-D’ SHOWN ON DRAWING NUMBER 3-6.
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700.00

702.47

HR-12
]

?—IR—11

700.90

703.53

698.20
NA

NO UPPER CLAY
TILL PRESENT

1]

703
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701
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1

1
‘“ 699
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’ 697.85

/

697.28

NA
—BH3

704.90

31

NA

MAGNETIC
NORTH
PLANT
NORTH
0 300 FT
e f—

NOTE:

1) SOIL BORINGS SB—7 AND SB—8 WERE
HISTORIC GEOTECHNICAL BORINGS AND
NOT INSTALLED AS PART OF THE RFI
THE LOGS WERE USED TO IDENTIFY THE

2)

UPPER CLAY TILL.

HYDROPHOBIC DYE TESTS WERE CONDUCTED
ON SOIL SAMPLES TO EVALUATE THE
PRESENCE OR ABSENCE OF DNAPL. THE
DYE TESTS WERE PERFORMED ON A
SATURATED SOIL SAMPLE COLLECTED

FROM THE INTERVAL IMMEDIATELY ABOVE

THE UPPER CLAY TILL.

$

LEGEND

@  MONITOR WELL (DEEP)
€  soIL BORING

MONITOR WELL (SHALLOW)

SOIL BORING, DNAPL DYE TEST
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@ ACTIVE PRODUCTION WELL
A INACTIVE PRODUCTION WELL

OH OIL HOUSE

BH BORE HOLE
FORMER LOCATION OF OIL HOUSE

STRUCTURES

APPROXIMATE LOCATION OF CURRENT
MORAINE ENGINE TANK FARM

= == EDGE OF UPPER CLAY TILL
NA NOT AVAILABLE

*

ESTIMATED ELEVATION
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OH—BH19
1.1

OH-BH18
3420 @

A

A
®0QH-BH9

462J
NOTE 2

_gH1 505
®OH-BHI NOTE 1

&
OHf-BH19
7.8

OH-BH18
ND ©

A

A
®0H-BHY

ND
NOTE 2

_pny ND
SOH-BH1 \nTF 1

OH-BH186

PLANT
NORTH

0 300 FT

® oH-BHg | 6010 ®
18.2 NOTE 2 ND PCE/TCE CONTOURS HAVE BEEN DEVELOPED TO
—BHs—\—762J REPRESENT SOIL CONCENTRATIONS ABOVE
547 NOTE 1 NOTE 2 THE WATER TABLE DURING NOVEMBER 1998,
oihs UNLESS OTHERWISE NOTED.
OH—-BH12
OH-BHI7 /o @120 OH—BHIT /o NOTES
91.6 3 ND 3 1) DATA FROM MARCH 1998 SUPPLEMENTAL
' 1199— RFI SOIL SAMPLING.
NOTE 2 2) DATA FROM AUGUST 1998 SUPPLEMENTAL
oH-BH{1 RFI SOIL SAMPLING.
4880
OH-BH7 LEGEND
[::]
ND NOTE 2
o3 — ] JoHR13 OH—BH14, ) &  MONITOR WELL (SHALLOW)
- @ —
w2 367 ° HR=3 ° @  MONITOR WELL (DEEP)
€ solL BORING
ND
700 NOTE @  ACTIVE PRODUCTION WELL
A INACTIVE PRODUCTION WELL
Gu-28 ou-28 OH  OIL HOUSE
ROTE 2 NoTE 2 BH  BORE HOLE
FORMER LOCATION OF OIL HOUSE
STRUCTURES
APPROXIMATE LOCATION OF CURRENT
MORAINE ENGINE TANK FARM
TETRACHLOROETHENE (PCE) AND
TRICHLOROETHENE (TCE) CONCENTRATIONS
ARE REPRESENTED IN MICROGRAMS PER
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PCE CONCENTRATIONS TCE CONCENTRATIONS ND  NOT DETECTED
DRAWN DATE PROJECT MANAGER DRAWING NAME
PCE/TCE CONCENTRATIONS IN SOIL R. SMITH 27MAY99 J. RED HAR\CRA\AOI7-03
ABOVE WATER TABLE FOR LEAD DESIGN PROF. | CHEGKED
GERAGHTY&MILLER AOI 7 — FORMER OIL HOUSE AREA (PROJECT NUMBER | FIGURE NUMBER
GENERAL MOTORS CORPORATION 0H0294.01.02 3-10
MORAINE, OHIO M




AUGUST 1998

2ft bls [30ft bls
PCE| 280 462J

PCE

FEBRUARY 1998

NOVEMBER 1998

2ft bls [30ft bls

HR-12
(-]

]
HR-11

NOVEMBER 1998
2ft bls |35t bis

MAGNETIC
NORTH
LAN
NORTH
0 300 FT
e —

TCE| 8.8 <5.0
[
OH-BH20
NOVEMBER 1998
21t bls [32f bls
PCE | <5.0 1.1
TCE| 5.8 7.8
AUGUST 1998
21t _bls [18f1 bis[ 28t bls
— els—1,2-DCE | <5.0 <5.0 36.3
PH-BH19 PCE 16.0 70.0 6,010
TCE <5.0 <5.0 73.5

NOVEMBER 1998

2ft bls | 6ft bls |[31ft bls
PCE| 202 140 34.2J

[ 2ft bis | Bft bls [30ft bls
53.7 | 125 505
AA
NOVEMBER 1998] ®OH-BH9
147t bls
PCE| 1,150/
TCE| 53.9J
OH—BH1
18.2 \
16ft_bls| 287t bls OH_BHQB

OH—BH1 8&

AUGUST 1998
2ft bls |20ft bis|26ft bls

PCE | <5.0 135 7624
TCE | <5.0 6.1 225

FEBRUARY 1998
2ft bls [16ft bls|26ft bls

PCE | 41.4 29.3 247
TCE [ <5.4 <5.2 521

NOVEMBER 1998

NOVEMBER 1998

22ft bls
PCE 70.7

cis—1,2-DCE
PCE

2ft_bls [22ft bis| 25ft bis
<5.0 5.4

Tel: 614/764-2310

Fax: 614/764-1270

MORAINE, OHIO

PCE[ <5.0 o TCE) 142 TCE 100 | sodu | 1780
1,1,1-TcA | <5.0 | <5.0 | 6.4
AUGUST 1998
27t bis OH-BH8
pcE| 548 | 2350 | 995 ON—BH2A ® NOVEMBER 1998
TCE| 247 | <5.0 | 20.0 NBEH"’ >@ 21t bis [ 4F1 bls [ 5ft bls [10ff bis
FEBRUARY 1998 /0""‘3*‘2 Tee| <50 | 0 | 50 | 40
31t _bls [311t bls OH-B
PCE[ 56.4 | 7,680 8 AUGUST 1998
@& OH
NOVEMBER 1998 OH—BH12 cls—:,,gE—DCE zgg.bﬁs 20%.3)’" 2’14%10:‘:3
peE b e i B8] OH-BHI7 /g TCE <50 | 69 | 16.4
o
NOVEMBER 1998 OH—BHB
2ft_bis [147t bis| 28/ bls AUG‘;S_Ts;,ggbf;
e | Se | a2 |/ 130 GH~23A peE| 63,500
TCE 35.8 | 138 | 25.3 OR-BHY \&,GM—N//// TCE| 530
GM—23
NOTE: 1) ALL VOCs REPORTED IN MICROGRAMS PER KILOGRAM
AUGUST 1998
27t bis | Bf bis [ 247t bls
AN e
G MONITOR WELL (SHALLOW)
_ _ OH—BH14
T OH-~-BH15 - @  MONITOR WELL (DEEP)
OH-BH4 €  sOIL BORING
NOVEMBER 1998
2ft_bls [20ft bis @ ACTIVE PRODUCTION WELL
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