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Executive Summary

The U.S. Army Corps of Engineers (USACE) is investigating the former Plum Brook Ordnance
Works (PBOW), located in Sandusky, Erie County, Ohio, under the Defense Environmental
Restoration Program’s Formerly Used Defense Sites authorization and funding. The PBOW site
was used for the manufacture of explosives during World War II. The former PBOW site is
currently operated and maintained by the National Aeronautics and Space Administration
(NASA) as Plum Brook Station, an active testing and research installation associated with
NASA’s John Glenn Research Center of Cleveland, Ohio. USACE contracted Shaw
Environmental, Inc. (Shaw) to conduct a remedial investigation (RI) of the Garage and
Maintenance Area located in the central portion of the PBOW facility. The main garage and
vehicle maintenance shop portion of the Garage and Maintenance Area has been and is currently
in use by NASA and thus was not part of this investigation. This investigation focused on the
eastern portion of the Garage and Maintenance Area known as the Locomotive Building Area
(LBA) which is composed of the Locomotive Shop (LS) with its surrounding area and the Rail
Car Washing Area (RCA). The LS was used for maintenance of equipment, vehicles, and
railcars, and the former RCA was used for rinsing acid out of railcars. Chemical contamination
that may have resulted from operations at the LS and RCA are expected to be primarily volatile
organic compounds (VOC), semivolatile organic compounds (SVOC), and metals.

This Site Characterization Report is Volume 1 of a three-volume RI report set for the LBA and
details RI activities, including soil, groundwater, sediment, and surface water analytical results
along with recommendations. Volume 2 is a Baseline Human Health Risk Assessment (BHHRA)
Report and Volume 3 is a Screening-Level Ecological Risk Assessment (SLERA) Report, both
to be submitted under separate cover.

In 1999, a limited site investigation (SI) was conducted of the surface and subsurface soil
within the LBA. Two surface and 10 subsurface soil samples were collected from 6 borings
and analyzed for SVOCs, polychlorinated biphenyls (PCB), and target analyte list (TAL)
metals. Samples were not analyzed for nitroaromatics or VOCs. Laboratory results were
compared to U.S. Environmental Protection Agency (EPA) preliminary remediation goals
(PRGS). One of the samples came from the maintenance pit in the LS; its concentrations for
antimony, arsenic, chromium, iron, lead, and PCB exceeded PRGs. This maintenance pit

sample was not truly soil, but was composed of crushed limestone and associated fines that
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were evidently stained with petroleum-related materials and was collected from the lining of
the maintenance pit sump. For the other soil samples, no SVOCs were detected above PRGs,
arsenic was detected above its PRG in all 11 samples, iron was detected above its PRG in
only 6 samples and one sample (also from the LS) exhibited chromium and lead above their
PRG. Analytical results from a water sample collected from the sump inside of the
locomotive building also had concentrations of Aroclor 1260, antimony, arsenic, iron, and
lead above the PRGs. However, a water sample from the wastewater junction box outside the
LS had only lead above PRGs. A surface water sample and a sediment sample were collected
from the open ditch to the east of the LS, each was analyzed for SVOCs and metals. No SVOCs
were detected in either the surface water or the sediment and no metals were detected above
PRGs in the water. Arsenic and iron were detected in the sediment sample above PRG levels.
The SI concluded that contamination was present at the LBA. The SI recommended removal
and disposal of water in the sump in the LS, removal of sludge from the maintenance pit

sump, and additional evaluation of soil at the RCA.

RI activities were conducted by Shaw at the LBA in 2009. A geophysical survey was completed
as a means for locating and mapping the suspected presence of an underground storage tank
(UST) in the vicinity of the existing locomotive building. The geophysical survey concluded that

there is/are no buried UST(s) within a perimeter of 65 feet surrounding the locomotive building.

The 2009 RI included eighteen direct-push borings: seven in the area surrounding the LS, three
in the former maintenance pit (MP) within the LS, and eight at the RCA. Five of the borings at
the LS (borings surrounding the LS) and four of the borings at the RCA became temporary
piezometer installations. Surface water and collocated sediment samples were collected from
seven locations within the unnamed drainage ditch located between the LS and the RCA, the
same ditch that was sampled in the SI. Three overburden/shale groundwater monitoring wells
were installed at each area in locations upgradient, downgradient, and within the source area
based upon groundwater flow directions. Two bedrock groundwater monitoring wells were
installed at the LS (existing well IT-MNTA-BEDGW-001 was the upgradient bedrock well at the
LS) and three bedrock groundwater monitoring wells were installed at the RCA.

The analytical results for the various media were compared to risk-based screening
concentrations (RBSC) derived from EPA 2009 regional screening levels for a residential land-
use scenario. In addition, the analytical results for the metals in the soil samples were compared

to 1998 soil background screening concentrations (BSC) and results for metals in the
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groundwater samples were compared to 2005 groundwater BSCs. Background levels for the

surface water and sediments have not been determined.

MAINTANENCE PIT

Maintanence Pit Fill Material. At the maintenance pit, three samples of the pit fill material
were collected from three direct-push borings. Each boring was drilled to refusal at 4.9 feet
below the surface level of fill material in the pit. This is consistent with the designed depth of the
pit (5 feet) reported in the SI report. The refusal material could not be confirmed, but the pit is
evidently lined with concrete or some other impervious material. Each pit sample was collected
from approximately 3 to 4.5 feet below the surface level of fill material in the pit. VOCs were
not analyzed from these samples due to the sample matrix consisting mostly of gravel; however,
TCL SVOC:s, nitroaromatics, PCBs, and TAL metals were analyzed.

A weathered petroleum odor was encountered in boring SB-09 which was drilled within 5-feet of
the 1999 SIboring DP-01, which was collected at an interval of 6 to 7.5 feet bgs from a sump at
the bottom of the maintenance pit. No organic compounds other than a low level of Aroclor 1260
(0.45 mg/kg) were detected in sample DP-01. However, this borehole was reported to have a
strong petroleum odor. The sample from DP-01 exhibited strong matrix interference during
analysis and had to be diluted 50-fold. The sample also had a high organic carbon content
(13,000 mg/kg). Elevated petroleum contaminated material found in DP-01 was not observed in
borings SB-07, SB-08, or SB-09 or reflected in the analytical results. However, a petroleum odor
was noted at SB-09, which was drilled within a few feet of DP01. Therefore, the petroleum
contamination encountered during the 1999 SI investigation appears to be limited to the vicinity
of the maintenance pit sump and is not present throughout the pit. The maintenance pit sump
drains into a sump basin that is approximately 40 feet south of the maintenance pit and just
inside the Locomotive Shop.

No nitroaromatics were detected in the pit samples. SVOCs were detected with
benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene exceeding their RBSCs. No
PCBs were detected in the pit samples. No metals were detected above both RBSC and BSC
values. A total of five metals (aluminum, arsenic, chromium, iron, and manganese) were detected
above RBSCs and a total of three (beryllium, calcium, and magnesium) were detected above
BSCs. Metals detected within the maintenance pit samples above the RBSCs are only

representative of the fill material and material that has accumulated within the pit.
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LOCOMOTIVE SHOP

Soil. At the LS, including quality assurance/quality control samples (QA/QC), 20 soil samples
were collected from five direct-push borings: seven representative of surface soil (0 to 1 foot),
five from soil 3 to 5 feet below ground surface (bgs) and five from soil 8 to 10 feet bgs. Each soil
sample was analyzed for target compound list (TCL) VOCs, TCL SVOCs, nitroaromatics, and
TAL metals. In addition, the surface soil and 3 to 5 feet b gs samples were analyzed for PCBs

and one surface soil sample was analyzed for total organic carbon (TOC).

No nitroaromatics exceed an RBSC in the surface soil. Two nitroaromatics (2,4-DNT and 2,6-
DNT) were detected above the RBSCs in subsurface soil (boring LBA-SB02). VOCs were
detected in the surface and subsurface soil samples at the LS; however, none of the detected
compounds exceeded an RBSC. SVOCs were detected in surface soil but, only benzo[a]pyrene
exceeded its RBSC and that was in only one location (LBA-SB03). SVOCs exceeding RBSCs
including benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluoranthene, 2,4-DNT and 2,6-DNT
were detected in several subsurface samples. The PCB Aroclor 1260 exceeded the RBSC in one
surface soil sample (boring LBA-SB03). No PCBs were detected in the subsurface soil samples.
No metals were detected above both RBSC and BSC values. A total of six metals (aluminum,
arsenic, chromium, cobalt, iron, and manganese) were detected above RBSCs and a total of five
(beryllium, calcium, lead, magnesium, and mercury) were detected above BSCs. Beryllium is not
a metal associated either with the TNT manufacturing process or typical maintenance activities.
In addition, beryllium appears to be elevated relative to BSCs throughout this area and likely
represents the upper range of its concentration in natural soil. In addition, the nutritionally
essential calcium and magnesium were detected above BSC levels (as nutritionally essential
elements they lack RBSC values).

Piezometer Groundwater. Seven overburden/shale groundwater samples (including QA/QC)
were collected from temporary piezometers PZ-01 through PZ-05 by low-flow methods and
analyzed for TCL VOCs, TCL SVOC:s, nitroaromatics, TAL metals (filtered and unfiltered),
TOC, total cyanide, and water quality parameters. Seven nitroaromatics were detected in the
groundwater in the LBA piezometers; however, only four compounds exceed the RBSCs (2,4-
DNT, 2,6-DNT, 2-NT, and 3-NT). Eight VOCs were detected in the LBA piezometers; however,
only three compounds exceed the RBSCs (1,1-dichloroethane, naphthalene, and trichloroethene).
Two SVOCs were detected in the piezometers and both exceeded the RBSCs (2,4-DNT and
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2,6-DNT). Eighteen unfiltered metals were detected in the LS piezometers; however, only 10
exceeded the RBSCs and seven exceeded BSC values. In filtered samples, ten metals were

detected, three exceeded the RBSC and one exceeded the BSC. Only arsenic exceeded both the
RBSC and BSC but only in two samples.

Overburden/Shale Groundwater. Monitoring well sampling from upgradient well (LBA-
MWO03), source area well (LBA-MW02), and downgradient well (LBA-MWO01) occurred at the
LS in May (wet season) and November (dry season) of 2009. Monitoring well samples were
analyzed for the same parameters as the piezometer samples: TCL VOCs, TCL SVOC:s,
nitroaromatics, TAL metals (filtered and unfiltered), TOC, total cyanide, and water quality

parameters.

A total of nine nitroaromatics were detected in the groundwater in LBA overburden/shale
monitoring wells during both sampling events; however, only six compounds exceeded RBSC
values (2,4-DNT, 2,6-DNT, nitrobenzene, 2-NT, 3-NT, and 4-NT). Seven VOCs were detected
and three of the compounds were above RBSC values; carbon tetrachloride, 1,1-dichloroethane,
and trichloroethene. Three SVOCs were detected in the groundwater; however, only two
compounds exceeded the RBSC values (2,4-DNT and 2,6-DNT). From the thirteen unfiltered
metals detected, manganese was the only compound to exceed RBSCs and aluminum was the
only compound to exceed the BSCs. Twelve filtered metals were detected and only manganese

exceeded its RBSCs. No compounds were above their BSC values.

Bedrock Groundwater. Monitoring well sampling from existing, upgradient well (MNTA-
BEDGW-001), source area well (LBA-BEDGW-002), and downgradient well (LBA-BEDGW-
001) occurred at the LS in May (wet season) and November (dry season) of 2009. No
nitroaromatics were detected in the groundwater from bedrock monitoring wells at the LS.
Twelve VOCs were detected in the groundwater from the bedrock monitoring wells with eight
exceeding RBSCs. Benzene, ethylbenzene, toluene, and total xylenes associated with natural
petroleum (petroleum from the Delaware bedrock groundwater determined to be from a natural
source based on a 2007 NASA fingerprint analysis) in the bedrock were detected at the highest
concentrations. Chloroform, chloromethane, methylene chloride and 1,1,2,2-tetrachloroethane
were also detected above RBSCs. Two SVOCs (2-methylnapthalene and naphthalene) were
detected above RBSCs. With the exception of chloroform and 1,1,2,2-tetrachloroethane, the
organics detected are likely attributable to natural petroleum in the bedrock. Arsenic, iron and

manganese exceeded both RBSCs and BSCs in filtered and/or unfiltered samples and barium
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exceeded only the RBSC in the filtered and unfiltered samples. The elevated concentration of
metals is likely attributable to the strongly reducing conditions in the bedrock and are not site

related.

Evaluation of analytical results from upgradient, source area and downgradient overburden/shale
wells suggest that limited impact has occurred. Nitroaromatics were detected in source area soils
and also in overburden/shale wells at the LS. Consistent with other PBOW sites, the -
nitroaromatic contamination in overburden/shale groundwater is restricted to source area wells
implying limited lateral movement in groundwater. In addition, 1,1,2,2-tetrachloroethane was
detected in bedrock groundwater at low concentrations suggesting some communication between
the overlying overburden/shale and bedrock groundwater. The lack of nitroaromatics in bedrock
groundwater suggests that these compounds are being degraded by the strongly reducing
conditions.

RAIL CAR WASHING AREA

Soil. At the RCA including QA/QC, 16 soil samples were collected from 4 direct-push borings:
6 representative of surface soil (0 to 1 foot), 4 from soil 3 to 5 feet bgs and 6 from soil 8 to 10

feet bgs. Each soil sample was analyzed for TCL. VOCs, TCL SVOCs, nitroaromatics, and TAL
metals. In addition, the surface soil and 3 to 5 feet bgs samples were analyzed for PCBs and one

surface soil sample was analyzed for TOC.

Only one nitroaromatic (2,4-DNT) exceeded an RBSC in surface soil (LBA-SB11). Four
nitroaromatics (2,4-DNT, 2,6-DNT, 2-NT, and 3-NT) were detected above the RBSCs in
subsurface soil (boring LBA-SB11). VOCs were detected in the surface and subsurface soil
samples; however, none exceeded an RBSC. Two SVOC’s were detected in the subsurface soil
samples. 2,4-DNT and 2,6-DNT were both detected in SB11 above the RBSCs. The PCB
Aroclor 1221 exceeded RBSC in one surface soil sample (boring SB-12) while no PCBs
exceeded RBSC in the subsurface soil. No metals were detected above both RBSC and BSC
values. A total of six metals (aluminum, arsenic, chromium, cobalt, iron, and manganese) were
detected above RBSCs and two (beryllium and magnesium) were detected above BSCs.

Piezometer Groundwater. Four piezometers PZ-07, PZ-08, PZ-09, and PZ-10 were installed at

the RCA but due to insufficient yield, no groundwater samples were collected.
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Overburden/Shale Groundwater. Monitoring well sampling from upgradient well (RCA-
MWO01), source area well (RCA-MWO02), and downgradient well (RCA-MWO03) occurred at the
RCA in May (wet season) and November (dry season) of 2009. The monitoring well samples
were analyzed for: TCL VOCs, TCL SVOC:s, nitroaromatics, TAL metals (filtered and

unfiltered), TOC, total cyanide, and water quality parameters.

Analytical conclusions from the May and November 2009 overburden/shale groundwater
sampling at the RCA, showed a total of three nitroaromatics (2,4-DNT, 2,6-DNT and 2-NT)
were detected above RBSCs in groundwater in the RCA overburden/shale monitoring wells. The
VOC dibromochlormethane was the only VOC detected above RBSCs. SVOCs were not
detected in any samples. Chromium, cobalt, iron, and manganese exceeded RBSCs in the
unfiltered samples and aluminum, iron, and nickel were above BSC values. Cobalt and
manganese exceeded the RBSCs in the filtered samples and nickel was above the BSC in one
sample. Iron was the only analyte to exceed both the RBSC and BSC and that in only one

unfiltered sample during the dry sampling season.

Bedrock Groundwater. Monitoring well sampling from upgradient well (RCA-BEDGW-001),
source area well (RCA-BEDGW-002), and downgradient well (RCA-BEDGW-003) was
attempted at the RCA in May and November 2009. Due to insufficient yield, only one bedrock
well was able to be sampled at the RCA. Nitroaromatics were not detected. Seven VOCs were
detected in the groundwater from the bedrock monitoring well with four exceeding RBSCs.
Benzene, ethylbenzene, toluene and xylene associated with natural petroleum in the bedrock
were detected at the highest concentrations with all but toluene exceeding RBSCs. In addition,
1,1,2,2-tetrachloroethane was also detected above RBSCs. Arsenic and manganese exceeded
both RBSCs and BSCs in filtered and unfiltered samples. As with the LS, the elevated
concentration of benzene, ethylbenzene, toluene and xylenes are likely attributable to the natural
petroleum in the bedrock as well as the strongly reducing conditions in the bedrock and are not

site related.

Evaluation of analytical results from upgradient, source area and downgradient overburden/shale
wells suggest that limited impact has occurred. As noted above, nitroaromatics were detected in
source area soils and also in overburden/shale wells at the RCA. Consistent with other PBOW
sites, the nitroaromatic contamination in overburden/shale groundwater is restricted to source
area wells implying limited lateral movement in groundwater. In addition, 1,1,2,2-

tetrachloroethane was detected in bedrock groundwater at low concentrations suggesting some
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communication between the overlying overburden/shale and bedrock groundwater. The lack of
nitroaromatics in bedrock groundwater suggests that these compounds are being degraded by the

strongly reducing conditions.
Drainage Ditch Between LS and RCA

Surface Water. Nine surface water samples (includes QA/QC samples) were collected from the
unnamed drainage ditch dividing the LS and RCA. Samples were analyzed for nitroaromatics,
VOCs, SVOCs, TAL metals, PCBs, and water quality readings (ORP, pH, conductivity,
turbidity, dissolved oxygen, and temperature). Nitroaromatics, SVOCs, PCBs and VOCs were
not detected above RBSC values. Metals detected above the RBSC values include arsenic,
chromium, cobalt, iron, lead, and manganese. The elevated metals are likely in part the result of
degradation of culverts beneath Maintenance Road. With the exception of manganese, the
maximum detected concentration of metals in surface water was detected in swales located
adjacent to Maintenance Road below a culvert outfall.

Sediment. Eight sediment samples (includes QA/QC samples) were collected from collocated
locations with the surface water samples from the unnamed drainage ditch. No nitroaromatics or
PCBs were detected in any of the samples. Three VOCs and four SVOCs were detected,
however, none of the compounds exceeded an RBSC. A total of 21 metals were detected in the
sediment samples. Most of the metals were found in each of the sediment samples collected. The

only metals above RBSC values were arsenic, chromium, cobalt, and manganese.

Recommendations

e To obtain further groundwater flow information and more detailed coverage, selected
overburden/shale and bedrock monitoring wells at the LBA should be included in
site-wide groundwater level measurement activities.

o Further evaluation of nitroaromatics in the soil at the RCA, including that to be
performed in the BHHRA and SLERA, is warranted given the presence of 2,4-DNT,
2,6-DNT, 2-NT, and 3-NT in the vicinity of LBA-SB11above RBSCs. Note that
while comparison of analytical results to RBSCs and BSCs values provides some
context for the levels of site contamination, final recommendation for further site
activities is dependent on conclusions from the BHHRA and SLERA reports, which
are currently under preparation.
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o Further evaluation of nitroaromatics in the overburden/shale groundwater (LS
monitoring well LBA-MW02) and VOCs (LS monitoring wells LBA-MW02 and
LBA-MWO03), including that to be performed in the BHHRA, may be warranted
given the presence of 2,4-DNT, 2,6-DNT, 2-NT, 3-NT, 1,1-dichloroethane, and
trichloroethene above RBSCs in overburden/shale groundwater. Note that while
comparison of analytical results to RBSCs and BSCs values provides some context
for the levels of site contamination, final recommendation for further site activities is
also dependent on conclusions from the BHHRA and SLERA reports, which are
currently under preparation.

e Maintenance pit sample LBA-SB09 appeared to be petroleum stained and a
petroleum odor was noted during sample collection. LBA-SB09 was collected near
the location of SI maintenance pit sample DP01 which was actually collected in a
sump within the maintenance pit. As with LBA-SB09 a heavy petroleum odor was
noted during sample collection and the sample was reported to appear oil-stained.
Further evaluation of the maintenance pit should be considered by the Project
Delivery Team.

Planned Activities. Completion of the BHHRA and SLERA reports may address some of the

items in the preceding recommendations.

KN10\PBOW\LBA\SCR\F\F-LBA SCR(0928).Docx\9/28/2010 4:12 PM ES-9



Locomotive Building Area
Site Characterization Report
Section: 1.0

Revision No.: 1

Date: September 2010

1.0 Introduction

The U.S. Almy is conducting a Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) response action at a property previously owned by the U.S. Department of Defense, identified
as the former Plum Brook Ordnance Works (PBOW) and located in Sandusky, Erie County, Ohio. The
PBOW site is currently being investigated under the Defense Environmental Restoration Program for
Formerly Used Defense Sites. This portion of the overall PBOW response action is currently in the
remedial investigative (RI) phase for the Garage and Maintenance Area, which includes the Locomotive
Building Area (LBA), and is being conducted to determine if there has been a release of hazardous
substances, pollutants or contaminants that present an unacceptable risk to human health and the
environment. The former 9,000-acre PBOW site was used for the manufacture of nitroaromatics during
World War II. The National Aeronautics and Space Administration (NASA) operates and maintains the
site as the Plum Brook Station (PBS) of the John Glenn Research Center. Figure 1-1 shows the
geographical location of the former PBOW site.

The investigation is being managed and technically overseen by the Nashville, Tennessee, and
Huntington, West Virginia, District Offices of the U.S. Army Corps of Engineers (USACE).
Fieldwork and reporting for the LBA which is located in the eastern portion of the Garage and
Maintenance Area, is performed under Delivery Order DX05 for the USACE Louisville
Architecture/Engineering Environmental Services Indefinite Delivery/Indefinite Quantity,
Contract Number W912DR-08-D-0013. Shaw Environmental, Inc. (Shaw) was contracted by the
USACE Nashville District to conduct an RI of the soil, groundwater, surface water, and sediment
at the former LBA.

This Site Characterization Report (SCR) of the LBA is Volume 1 of three planned volumes.
Volume 1 consists of the text, tables, figures, and appendices presenting final evaluations,
conclusions, and recommendations for the LBA RI. Background and risk-based screening
criteria (Section 4.2) are used as a comparison and evaluation tool for analytical results. Volume
2 will be the baseline human health risk assessment (BHHRA) and Volume 3 will be a
screening-level ecological risk assessment (SLERA). Each volume will be submitted under
separate covers. The BHHRA and SLERA reports will be prepared by Shaw and will describe

potential human health and ecological risks/hazards with respect to the investigation area.

Groundwater sampling at the LBA was conducted to determine the overburden/shale and

bedrock groundwater chemical quality along with other objectives as listed in Section 1.1. To
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determine if water quality could be affected by seasonal changes, groundwater sampling was
timed to monitor potential seasonal precipitation fluxes. As concluded in the 2004 Groundwater
Data Summary and Evaluation Report (Shaw, 2005), by evaluating precipitation data
specifically in the Sandusky area, two general seasons were determined to exist in reference to
groundwater recharge: a wet season (January through June) and a dry season (July through
December) (Shaw, 2005).

The field activities completed by Shaw for investigation of the LBA were conducted pursuant to
the following documents:

General Site Activities

o Site-Wide Accident Prevention Plan and Site-Wide Health and Safety Plan Appendix
(Shaw, 2008a)

o Site-Wide Sampling and Analysis Plan (Shaw, 2008b)
o Site-Wide Quality Assurance Project Plan (Shaw, 2008c).
Site-Specific Activities

e Work Plan, Remedial Investigation, Locomotive Building Area, Site-Specific
Sampling and Analysis Plan, and Site-Specific Safety and Health Plan, (Shaw,
2008a).

1.1 Scope of Work and Project Objectives

The scope of the RI included preparation of a quality control (QC) plan and site-specific addenda
to the sitewide safety and health plan (SWSHP) and sitewide sampling and analysis plan
(SWSAP), soil sampling, installation of temporary piezometers and permanent monitoring wells,
monitoring well development, groundwater sampling, analytical work, and investigation-derived
waste (IDW) management and disposal. Figure 1-2 identifies the LBA location in relation to
other areas of concern and site features. The LBA actually consists of three investigation areas;
the maintenance pit within the Locomotive Shop (LS), the area surrounding the LS west of an
unnamed drainage ditch, and the Rail Car Washing Area (RCA) located directly east of the LS

on the eastern side of the unnamed drainage ditch.
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The objectives of this investigation include the following:

o Evaluate and use existing data appropriate to the LBA.
o Define site physical features and characteristics.

e Determine nature and extent of DOD-related contamination in soil, sediment, surface
water, and groundwater at the LBA.

e Determine chemical characteristics of contamination.
o Evaluate fate and transport of contamination.

e Determine if overburden groundwater underlying the LBA is in sufficient volume and
quality to be defined as a potential drinking water source in the state of Ohio.

o Obtain site data of quality, quantity, and distribution appropriate for site
characterization, risk assessment, and feasibility study.

1.2 Report Organization

Chapter 2.0 of this report describes PBOW and the LBA site, its physical setting, geology, and
hydrogeology features. Sampling strategy and field procedures are described in Chapter 3.0. The
analytical program and background comparison data are presented in Chapter 4.0. Chapter 5.0
describes specific-site information and historical and current analytical data. Chapter 6.0 presents
media conclusions. Recommendations are provided in Chapter 7.0. References that were used in
preparing the report are listed in Chapter 8.0.

A geophysical investigation report is included in Appendix A. Soil boring, monitoring well drill
logs, well construction diagrams, sample collection logs, and rock core photographs are provided
in Appendices B, C, and D, respectively. Well development water photographs and logs are
included in Appendix E. Appendix F contains land survey data. Appendix G presents copies of
waste manifests used for disposal of the IDW. Appendices H through K contain analytical data
pertinent to the soil sampling and two groundwater (May and November 2009) sampling events.
Appendix L presents the chains of custody for laboratory analysis. Appendix M provides

incoming comments and responses.

KNIO\PBOW\LBA\SCR\F\F-LBA SCR(0928).Docx\9/28/2010 4:12 PM 1-3



Locomotive Building Area
Site Characterization Report
Section: 1.0

Revision No.: 1

Date: September 2010

1.3 Facility Location and Description

The former PBOW site is currently utilized and maintained by NASA and is operated as the
PBS, a satellite office of the NASA John Glenn Research Center, located at Lewis Field in
Cleveland, Ohio. Most of the aerospace testing facilities built at the site in the 1960s are on
standby or inactive status. The site is located approximately 4 miles south of Sandusky, Ohio,
and 59 miles west of Cleveland. Although primarily in Perkins and Oxford Townships, the
eastern edge of the site extends into Huron and Milan Townships. PBOW is bounded on the
north by Bogart Road, on the south by Mason Road, on the west by Patten Tract Road, and on
the east by U.S Highway 250. The areas surrounding PBOW are mostly agricultural and
residential. Public access is restricted at PBOW except during the annual deer hunting season.

1.4 PBOW Site History and Potential for Contamination

The PBOW site was built in early 1941 and manufactured 2,4,6- trinitrotoluene (TNT),
dinitrotoluene (DNT), and pentolite (PETN). Production of explosives began in December 1941
and continued until 1945. During operation, three areas (TNT Area A [TNTA], TNT Area B
[TNTB], and TNT Area C [TNTC]) manufactured TNT and DNT and one area manufactured
PETN. TNTA consisted of manufacturing lines 1 through 4, TNTB consisted of lines 5 through
7, and TNTC consisted of lines 8 through 12. TNTA is located on the northeast side of PBOW,
TNTB is located at the southern central part, and TNTC is located at the southwestern side of
PBOW. The PETN manufacturing area is located in the north;central portion of PBOW and lies
within the boundaries of Ransom Road on the west, Pentolite Road on the south, and Patrol Road
on the north and east. The central portion of the former PETN manufacturing area is occupied by

NASA’s inactive nuclear reactor, which is in the process of being decommissioned.

It is estimated that more than one billion pounds of explosives were manufactured during the
4-year operating period. After the plant was shut down, decontamination of the processing lines
began. Decontamination was considered complete during the last quarter of 1945. The property
was initially transferred to the Ordnance Department after it was certified by the Army to be
decontaminated in 1946. This transfer did not include the 2,800 acres comprising the Plum
Brook Depot area. The War Assets Administration accepted custody of the non-depot portion of
PBOW (approximately 3,230 acres) in 1946. The Department of the Army reacquired the 3,230
acres in 1954 and performed cleanup efforts during the 1950s through 1963.

Two property use agreements were entered into by the National Advisory Committee of
Aeronautics, the predecessor of NASA, and the Army in 1956 and 1958. On March 15, 1963,
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accountability for and custody of the entire PBOW property (6,030 acres) was transferred to
NASA by the Department of the Army. NASA performed further decontamination during 1964.
The NASA decontamination process was accomplished in five steps (Dames and Moore, Inc.
[D&M], 1997a):

1. Inspecting and removing contaminated surface soil above the drain tiles, flumes, etc.

2. Spot checking of subsurface soil in the vicinity of drain tiles, flumes, etc., to
determine where the contaminated tiles and flumes were located. Where
contamination was found, the flumes, tiles, etc., were removed in sections.

3. Removal of some items previously decontaminated to Level 3X condition to a storage
facility and additional decontamination of the remainder of the items to a 5X condition in
order to be sold. [The number of “X”s is used in the Army’s classification scheme to
indicate the level of decontamination: XXX (short hand 3X)-military decontamination
level established primarily for worker safety that indicates potentially contaminated
material or previously contaminated material that has been decontaminated to a zero
residual contamination level; XXXXX (or 5X)— level that indicates a decontaminated
material with no detectable residual contamination. ]

4. Destruction of all buildings by fire followed by removal of all debris and concrete
foundations. All the materials, including the earth, in those areas were flashed and the
area was then rough graded. Soil investigations at the TNT areas prior to this RI
suggest that at least portions of the concrete building foundations remain in place.

5. Decontamination of all sump basins and removal of the concrete.

The decontamination process also included burning of nitroaromatic-filled flumes that were
excavated. As shown in the records review (D&M, 1997b) this was performed on July 10, 1963,
near the intersection of Fox Road and Snake Road and is suspected to have also occurred at the
Additional Burning Ground area.

On April 18, 1978, NASA declared approximately 2,152 acres of land as excess. This excess
acreage included former buffer areas that were not formerly used by the Army and were not
subject to decontamination efforts. The Perkins Township Board of Education acquired 46 acres
of the excess for use as a bus transportation center. The General Services Administration retains
the remaining acreage and currently has a use agreement with the Ohio National Guard for 604
acres of the land. NASA presently uses the remainder of the former PBOW site to conduct space
research as a satellite operation of the John Glenn Research Center based in Cleveland, Ohio.
The details of these land transactions are listed in the site management plan (International
Consultants Incorporated, 1995, and can be found at NASA PBS).
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1.5 Locomotive Building Area History and Previous Investigations

The LBA is located in the central portion of the PBOW facility. The LS portion is located on the
north side of Maintenance Road in the eastern part of the Garage and Maintenance Area. The
RCA is located approximately 260 feet east of the LS. The location of the LS in relation to other
site features is shown on Figure 1-2. Figure 1-3 presents a historical view of the LS and RCA
during early PBOW operations, January 1942, and Figure 1-4 shows the area circa 1960.

1.5.1 Locomotive Shop

The LS occupies the easternmost building in the Garage and Maintenance Arca. The shop was
used for the maintenance of equipment, vehicles, and railcars. Within this building a work pit
was built to allow maintenance personnel to work below the locomotives. The work pit is the
primary area of concern within this building. The pit measures 60 feet long; 3 feet, 8 inches
wide; and 5 feet deep (USACE, 2000). The pit is believed to be lined with concrete but the
impervious construction material could not be confirmed. The pit is located beneath the northern
set of railroad tracks that run through the building. NASA has backfilled this pit with loose stone
and currently uses this building as a storage garage. The pit was used to work on the railcars and
the locomotives during the operation of PBOW. When the pit was operational, the waste effluent
from the pit was sent into the sewer system via a sump pump. The sump pump is still located in
another pit, which measures 9 feet, 2 inches deep and 2 feet, 6 inches across in diameter. The pit
is located on the south side of the building. The Locomotive Shop was Building 718 on the
facility buildings list. It was located south of a track known as "Z" track. "Z" track was labeled as
being the track "to (the) caustic dock."

In 1999, a limited site investigation (SI) was conducted by the USACE (USACE, 2000), a total
of four soil samples were collected from the LS. Three samples were collected from soil boring
SBO1; one surface soil sample (0 to 0.5 foot) and two subsurface soil samples (1 to 3 feet and 3
to 5 feet). A fourth sample was collected from the lowest reach of the maintenance pit (DPO1).
During borehole drilling of DP01, both a petroleum staining and a petroleum hydrocarbon odor
were noted. Soil samples were analyzed for SVOCs, PCBs, and TAL metals. Tables 1-1 and 1-2
present the SI soil analytical results. Figure 1-5 shows the layout and sample collection locations
for the SI. A total of four surface water samples, including one field duplicate, were collected;
one from the sump located within the LS, one from the sewer (wastewater junction box), and one
from the drainage ditch (unnamed tributary to Plum Brook) located in the area east of Building
718 and west of the RCA. One sediment sample was also collected from the drainage ditch at the
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same location as the surface water sample. Table 1-3 presents a summary of the SI surface water
samples and Table 1-4 shows a summary of SI sediment samples.

In SI soil samples from the LS, no SVOCs were detected above preliminary remediation goals
(PRG) derived by the U.S. Environmental Protection Agency (EPA). According to the SI report,
one PCB, Aroclor 1260, was detected above the PRG at a concentration of 450 parts per million
(ppm) from the maintenance pit inside of the LS. During RI preparation, it was determined that
this result was 450 parts per billion (ppb) or 0.45 mg/kg. This value still exceeded the PRG
screening value of 0.2 mg/kg. In addition, metals- antimony, arsenic, chromium, iron, and lead-
were found to be above PRG screening limits in some of the surface and subsurface soil samples.
Analytical results from a water sample collected from the sump inside of the locomotive building
indicated concentrations of lead and arsenic above PRGs. Also, the field duplicate (FD) sample
exhibited concentrations of antimony and iron above the PRG. PCB Aroclor 1260 was also
detected in the water sample from the sump and exceeded screening levels. A surface water
sample and a sediment sample were collected from the open ditch to the east of the LS, each was
analyzed for SVOCs and metals. No SVOCs were detected in either the surface water or the
sediment and no metals were detected above PRGs in the water. Arsenic (41.5 ppm) and iron
(80,900 ppm) were detected in the sediment sample above their PRG levels of 0.38 ppm and
22,000 ppm, respectively. Water samples were collected from the sump just inside the southern
wall of the LS and the sewage junction box just outside of the LS. The SI found the sump water
sample to have concentrations of Aroclor 1260 (1.5 parts per billion [ppb]) and arsenic (20.6
ppb) that exceeded the PRGs.

Based on the detections of arsenic and Aroclor 1260 in the sump water the SI recommended
removal and disposal of the sump water. The SI also recommended further consideration of
removal of the sludge material from the maintenance pit.

1.5.2 Rail Car Washing Area

The RCA is located east of the LS and across Maintenance Road from Ash Pit #1. The location
of the RCA in relation to other site features is shown on Figure 1-2. During PBOW operation,
this area was used as the site of a railcar cleaning operation that involved an acid. Because of
this, the RCA is also referred to as the acid area. No above ground structures were present during
operations. It is located in the area surrounding the historical location of railroad tracks that
exited the eastern end of the locomotive building (Figures 1-3, 1-4, and 1-5). The actual wash pit
was located 261 feet from the east wall of the Locomotive Shop. From historical information
recovered by the USACE during preparation of the SI report, general notes on a historical
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drawing were found cautioning installation of any underground piping through the area. The
statement reportedly said, "Do not run 3 inch line through acid saturated earth. Should this be
necessary, paint water line with black acid resisting paint." Also during the SI, three rubble piles
were observed to the east of the LS; the exact contents of these piles were unknown, but visual
examination indicated the presence of masonry materials (USACE, 2000).

Currently, the area is open land with moderate vegetative cover. Limestone blocks used as
railroad track supports across the drainage ditch are still present and visible on the east side of
the ditch. No man-made structures other than the locomotive building are located near the RCA.
During the 2009 field activities an approximate 3-inch-diameter clay pipe was discovered
discharging water into the drainage ditch from the RCA.

During the SI, seven samples from three soil borings (DP001, DP002, and DP003) were
collected at the RCA: one surface soil sample (0 to 2 feet) and six subsurface soil samples (three
at 2 to 4 feet and three at 4 to 6 feet). Soil samples were analyzed for SVOCs, PCBs, and TAL
metals. Tables 1-1 and 1-2 present SI analytical results and Figure 1-5 shows SI sample
locations.

Results from the SI concluded arsenic (7.3 ppm), was above the PRG screening level of 0.38 in
surface soil. No PCBs or SVOCs were detected above PRG screening levels in surface or
subsurface samples. Including the FD sample, arsenic and iron were above the PRG screening
levels in all subsurface soil samples except in boring DP001 (2 to 4 feet). The maximum
concentration of arsenic was 17.7 ppm in DP002 (2 to 4 feet) and iron was 46,400 ppm also in
the same subsurface sample.

The SI reported that 2,4-DNT and naphthalene concentrations in RCA soil exceeded PRGs.
However, review of the SI data during the RI preparation indicated the concentrations were
incorrectly shown in ppm, rather than ppb. Thus, instead of 4,000 ppm and 3,400 ppm for 2,4-
DNT and naphthalene, the actual concentrations were 4.0 ppm and 3.4 ppm, respectively. The SI
recommended additional assessment activities at the RCA in part based on the misinterpretation
of the 2,4-DNT and naphthalene concentrations. However, other SI analytical results (arsenic
and iron) above PRGs also support the SI recommendation for further investigation of the RCA.
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2.0 Physical Setting

2.1 Geography, Topography, and Surface Drainage

PBOW is located within the Eastern Lake Region of the Central Lowland Province (Soil
Conservation Service, 1971). Erie County is overlain by lacustrine sediment, glacial outwash,
and glacial till. The surface is a plain with a slight slope to the north-northeast toward Lake Erie
at approximately 25 feet per mile. Elevations at the PBOW range from 680 feet above mean sea
level (msl) at the intersection of Taylor Road and Patrol Road on the southwestern side of the
site to 625 feet above msl at the northern portion of the installation. In general, the topography of
PBOW is characterized by a flat ground surface with occasional low hummocks caused primarily
by glacial scouring and deposition. A low escarpment trends from the western to the northeastern
portion of the site (Shaw, 2005).

PBOW lies in the eastern region of the Pickeral Creek-Pipe Creek Basin, which is part of the St.
Lawrence River drainage basin (D&M, 1997a). Eleven streams exist within PBOW and flow
north-northeast toward Lake Erie, which is located approximately 3.5 miles north of the site. The
site is part of four drainage areas: (1) Sawmill Creek (southern PBOW), (2) Plum Brook (central
PBOW), (3) Pipe Creek (western PBOW), and (4) Storrs-Hemminger Ditch (north central
PBOW), all of which flow into Sandusky Bay (D&M, 1997b). The LS and RCA are divided by
an unnamed, man-made drainage ditch. Surface water for the LS drains to the east and surface
water for the RCA drains to the west. Both flow into the same unnamed tributary which flows to
the north towards Pentolite Road and eventually drains into Plum Brook. The drainage pattern is
dendritic where streams are incised into bedrock and is poorly developed where they have not
yet eroded to the bedrock. Four drainage ditches at PBOW, Lindsley Ditch, Kuebler Ditch,
Ransom Brook, and Plum Brook, are monitored by NASA PBS under a National Pollutant
Discharge Elimination System outfall permit (OEPA, 2007). In addition to the streams, 17
isolated ponds and reservoirs and former red water ponds are located at PBOW (U.S. Geological
Survey [USGS], 1992; D&M, 1997b).

2.2 Geology and Soils

2.2.1 Regional Geology
The bedrock in northern Ohio consists of Devonian and Silurian carbonates (limestone and
dolomite) and clastics (shale, siltstone, and sandstone). These units unconformably overlie older

sedimentary sequences of Ordovician and Cambrian Age rocks, which in turn unconformably
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overlie pre-Cambrian basement rocks (D&M, 1997a). The local bedrock is situated on the

eastern flank of the Findlay Arch. In the Devonian and Silurian of northern and western Erie
County, weathering of the carbonates has produced cavernous porosity and karst topography.

2.2.2 Local Geology

At PBOW, three bedrock units are present: the Delaware Limestone, the Olentangy Shale, and
the Ohio Shale. The Delaware Limestone is the lowermost formation screened by PBOW site
wells. It is characterized as a hard, dense, finely crystalline limestone and dolomite. The unit is
typically buff colored, hard, and massive, and usually is described as fossiliferous with pyrite
crystals. In the vicinity of PBOW, quarries (Hanson Aggregates to the north, Hanson-Sandusky
Crushed Stone to the southwest, and abandoned Castalia quarry to the west) mine limestone from
the Delaware. Traces of natural petroleum-derived hydrocarbons and hydrogen sulfide (H,S) are
common in all three quarries. Overlying the Delaware Limestone is the Olentangy Shale. Two
members of the Olentangy Shale have been characterized at the site, the Plum Brook Shale and
the overlying Prout Limestone. The Plum Brook Shale is interpreted to consist of approximately
35 feet of bluish-gray, soft, fossiliferous shale containing thin layers of dark, hard, fossiliferous
limestone. The Prout Limestone has been described as an approximate 15-to-50-foot-thick unit
which occasionally outcrops in a 1,000~ to 2,000-foot-wide, northeast-striking band across the
middle portion of PBOW. It is described as a dark-gray to blue, very hard, siliceous, fossiliferous
limestone or dolomitic mudstone. The Olentangy Shale of PBOW dips to the southeast at a slope
of approximately 21 feet per mile. The uppermost formation at PBOW is the Ohio Shale.
Geographic Information System data show that the Ohio Shale dips to the southeast at a slope of
approximately 26 feet per mile (Shaw, 2005). Only one member of the Ohio Shale is present in
the PBOW area, the Huron Shale. This unit is described as black, thinly bedded, with abundant
carbonaceous matter. Some large pyrite/carbonate concretions are also present in the Huron
Shale, some as large as 6 feet in diameter (D&M, 1997a).

2.2.3 Regional Hydrogeology

Regional groundwater flow is to the north-northeast towards Lake Erie, although local flow may
vary due to local topography. Water in the limestone typically occurs in joints and along bedding
planes or in solutionally enlarged openings. Although some limestone in the middle of the
county provides well yields of up to 500 gallons per minute (gpm), the overburden and the
majority of the other formations can sustain groundwater pumping of only 10 gpm or less
(D&M, 1997b). A hydrogeological study conducted by USGS on the glacial deposits in
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Sandusky in 1990 reported a horizontal hydraulic conductivity of 0.046 feet per day and a
vertical hydraulic conductivity of 1.2 feet per day (USGS, 1992).

2.2.4 Local Hydrogeology

From domestic groundwater wells outside of PBOW boundaries, the bedrock groundwater is
divided into three zones based on location and yield. Zone 1 occurs in the north and northwestern
portion of PBOW. It is characterized as yielding from 100 to 500 gpm from karstic limestone
approximately 100 feet below grade. Zone 2 is in the northern portion of PBOW and has yields
of 15 gpm or less from limestone approximately 300 feet below grade. Zone 3 is located in the
eastern and southern portion of the site in predominantly shale bedrock. In addition to being
found in the shale, groundwater is located in thin sand and gravel horizons interbedded with silt
and clay deposits. Most Zone 3 wells are poor yielding, many of them providing less than 3 gpm
(D&M, 1997a).

Two main water-bearing zones at PBOW are present, one in the overburden/shale and one in the
Delaware Limestone bedrock. Data from recent investigations (2004 Groundwater Data
Summary and Evaluation Report [Shaw, 2005], 2002 Groundwater Data Summary and
Evaluation Report [Shaw, 2003], TNTA and TNTC RI [IT, 2000a,b] Summary Report, Site-Wide
Groundwater Monitoring [1997-1998] [IT, 1999], and the Site-Wide Groundwater Investigation
Report [IT, 1997a]) have found that groundwater in the overburden is in discontinuous pockets
during dry time periods exemplified by monitoring wells that are typically dry or site areas in
which wells could not be installed due to a lack of water in the overburden soil at the time of

drilling,

2.2.5 Influence of Precipitation on Water Levels

As mentioned in the 2004 Groundwater Data Summary and Evaluation Report (Shaw, 2005),
previous investigations have indicated that there is a strong connection between precipitation and
groundwater elevations, but no clear correlation exists between monthly precipitation rates and
water level elevations in site wells. The lack of observed correlation is probably influenced by
the amount of precipitation and the runoff rate. For example, summer thunderstorms that produce
short periods of heavy precipitation may result in more surface runoff and less infiltration.
Conversely, constant periods of precipitation at a lower rate over a period of days may result in
more infiltration. Freezing rain or snow will also not result in an immediate recharge to
groundwater. From review of local monthly precipitation data, evapotranspiration and rainfall

runoff rates calculations, and a comparison table of sitewide monitoring well groundwater
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elevations verses aquifer recharge rates, a seasonal correlation was determined. During the
months of January through June, a greater volume of groundwater in the overburden/shale
monitoring wells was present as compared to the months of July through December, when a
lesser amount of water was present. Therefore, in general, the time period of January through
June, when the greatest amount of water in a monitoring well is expected to be present, was
given the term “wet” time period, while July through December was given the term “dry” time

period.
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3.0 Field Activities

3.1 Introduction

Field activities at the LBA site were performed in accordance with the updated and revised
SWSAP (Shaw, 2008b) and site-specific work plan, as noted in Chapter 1.0. Activities included
direct-push drilling operations with soil sampling, installation of temporary piezometers within
LS and RCA sites, installation of permanent monitoring wells upgradient, within and
downgradient of both sites, surface water and sediment sampling, two rounds of groundwater
sampling (one conducted during the 2009 wet season and the second in the 2009 dry season), and
disposal of IDW.

Prior to any intrusive work, a NASA authorized dig permit was obtained for the LBA. The dig
permit process included review of utility maps for any underground utilities, including storm
water, sewer, electrical, natural gas, telephone, cable, or fiber optic lines in the LBA. In addition,
following Shaw’s requirements, a Utility Mark-Out form was completed and any location to be

bored was hand dug for the first 5 feet, verifying no utilities were present.

To comply with NASA fire regulations, a NASA authorized burn permit was also obtained each
time cutting and welding of steel isolation casing was required during bedrock monitoring well

installation.

3.2 Geophysical Survey

A geophysical survey was conducted as a means for investigating the potential presence of an
underground storage tank (UST) in the vicinity of the locomotive building. Similar USTs have
been associated with locomotive building structures at other federal facilities (e.g., West Virginia
Ordnance Works), which prompted the need to establish the presence/absence of a UST at the
LS. The primary survey methods recommended and used for this project were Geonics Limited
EM31-MK11 ground conductivity meter (EM31).

The locomotive building is a large, brick structure oriented with its long dimension in the east-
west direction. Three railroad tracks (pairs) approach the building on the western end and two of
the pairs historically entered the building. The third set of tracks ran parallel to the north wall of
the locomotive building. There is also a square concrete slab on the southwest corner of the

building for an unknown purpose. Two utility lines (suspected water and gas lines) were marked
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by NASA and exit the building near the southwest corner and traverse south towards

Maintenance Road.

Field activities conducted by the Geophysics and Mapping Group of Shaw were completed on
December 3 and 4, 2008. Appendix A presents a geophysical investigation report that includes
methods, operations, results, and conclusions from the survey.

To confirm or deny the presence of a UST at the locomotive building, two geophysical survey
instruments were used during the investigation. Instrumentation included Geonics EM31-MK11,
ground conductivity meter and a GSSI SIR3000 ground penetrating radar system with a 270
MHz antenna.

The EM31 method was used to measure the in situ electrical conductivity of subsurface materials
and detect any metallic material that may be present. The detection depth of the instrument
extended to approximately 6 meters below ground surface (bgs). The ground-penetrating radar
(GPR) system was used for detecting subsurface metal. The GPR detects materials with different
electrical properties from surrounding soils or other materials (e.g. metals in soil, air in soil,
soil/rock interface, etc.).

3.3 Direct-Push Soil Sampling/Piezometer Installation

Direct-push drilling was used to collect soil samples and install temporary piezometers at the LS
and RCA. A total of 18 soil borings, 10 at the LS (3 in the maintenance pit) and 8 at the RCA,
were drilled. Five of the borings at the LS (SB-01/PZ-05, SB-02/PZ-03, SB-03/PZ-04, PZ-01,
and PZ-02) and four of the borings at the RCA (PZ-07, PZ-08, PZ-09, and PZ-10) were
converted to 1-inch-diameter piezometers upon completion of soil sampling and logging
activities. Although a total of 10 temporary piezometers were scheduled to be installed, based
upon adequate groundwater delineation, the last piezometer was not installed (last piezometer
identified as PZ-06 in predefined sample identification and caused skipping of label
identification numbers). Figure 3-1 shows the locations of direct-push borings. Direct-push
drilling activities were conducted by Tri-State Drilling Company, of Chattanooga, Tennessee. A
track-mounted Geoprobe 6610 DT drill rig was used at all boring locations on January 18, 19,
and 20, 2009. Locations of the soil boring/piezometers at the LS and RCA were selected using
data and knowledge from the limited SI (USACE, 2000), topography, layout of historical
disposal operations, and anticipated overburden/shale and 2004 Groundwater Data Summary and

Evaluation Report bedrock groundwater flow directions.
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Following PBOW closure and demolition of TNT manufacturing buildings, a fill material (sand)
was graded over many PBOW areas covering remaining foundations and other former ground
surface features. Direct push sampling at the LS encountered up to 2.4 feet of fill material at
some locations and up to 2.8 feet of fill material at other locations at the RCA. Three soil
samples were collected from each soil boring from approximate depths of 0 to 1 and 3 to 5 feet
below the interpreted fill material (within the native soil) and 8- to 10-feet below the current
ground surface as described above and analyzed for nitroaromatics, semivolatile organic
compounds (SVOC), and metals. Also, the 0 to 1 and 3 to 5 feet soil samples were analyzed for
polychlorinated biphenyls (PCB), and one surface soil sample (0 to 1 foot interval) was analyzed
for total organic carbon (TOC).

Additionally, three borings (LBA-SB07, LBA-SB08, and LBA-SB09) were drilled to refusal
within the maintenance pit located inside the LS. Samples were collected near the bottom of the
pit and analyzed for the full suite of chemicals (TCL SVOCs, PCBs, and metals). Pit refusal was
encountered at 4.9 feet in all three of the borings. A weathered petroleum odor was encountered
in boring SB-09 which was drilled within 5-feet of the 1999 SI boring DP-01. Petroleum

contaminated material was not observed in any of the maintenance pit borings.

Continuous lithologic logs were recorded for all borings during the RI investigation. Boreholes
in which a piezometer was installed were advanced to refusal, and a 1-inch-diameter polyvinyl
chloride (PVC) screen with 0.010-inch slots, typically 10 feet in length, and 1-inch-diameter
PVC riser, was placed into the 3.25-inch-diameter borehole. No filter pack material or bentonite
was used during piezometer construction. To prevent rainwater from entering the borehole from
the surface, the piezometer was surrounded with plastic sheeting to a depth of approximately 0.5
feet bgs, cardboard with a hole in the center was placed over the piezometer covering the
borehole, and bentonite was placed over the cardboard and surrounding surface to a radius of
approximately 1 foot. Hazardous, toxic, and radiological waste (HTRW) drilling logs for each
borehole along with the associated temporary piezometer construction diagram, if appropriate,
are included in Appendix B. Table 3-1 presents a summary of direct-push soil and groundwater

samples collected.

3.4 Direct-Push Groundwater Sampling
As noted in Section 3.3, nine temporary piezometers were installed, five at the LS (SB-01/PZ-05,
SB-02/PZ-03, SB-03/PZ-04, PZ-01, and PZ-02) and four at the RCA (PZ-07, PZ-08, PZ-09, and
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PZ-10). The purpose of the piezometers was to locate potentially contaminated groundwater,
determine placement for permanent monitoring well installation, determine quantity and quality
of overburden/shale groundwater, and to determine if the water is a potable supply. On January
28 through 31, 2009, using the low-flow groundwater sampling method, five groundwater
samples were collected from piezometers located at the LS. Due to low recharge (less than 50
milliliters per minute) no groundwater samples could be collected from any of the temporary
piezometers at the RCA. Groundwater from temporary piezometers was low-flow sampled using
a peristaltic pump from wells that exhibited a recharge rate greater than 50 ml per minute.
Groundwater samples were analyzed for nitroaromatics, SVOCs, metals (filtered and unfiltered),
hardness, and water quality parameters including alkalinity, chloride, cyanide, hardness, nitrate,
sulfate, total dissolved solids, total suspended solids, turbidity, and ferrous iron. Appendix C

contains sample collections logs for the temporary piezometers.

3.5 Monitoring Well Installation

A total of eleven 2-inch monitoring wells, six overburden/shale (LBA-MWO01, LBA-MWO02,
LBA-MWO03, RCA-MWO01, RCA-MW02, and RCA-MWO03) and five bedrock (LBA-BEDGW-
001, LBA-BEDGW-002, RCA-BEDGW-001, RCA-BEDGW-002, and RCA-BEDGW-003),
were installed as part of the RI activities at the LBA. Monitoring wells were installed in
upgradient, downgradient, and suspected source area locations based upon analytical data from
soil and groundwater samples obtained during direct-push soil sampling, temporary piezometer
groundwater sampling, overburden/shale groundwater flow directions, and 2004 bedrock
groundwater flow direction (Shaw, 2005). Figure 3-1 shows newly installed monitoring well

locations along with soil boring and temporary piezometer locations at the LBA.

Monitoring wells were installed in accordance with guidelines specified in USACE Engineering
Manual EM-1110-1-4000 (USACE, 1998) and following the procedures in the site-wide SWSAP

(Shaw, 2008b). All monitoring wells were completed as described below.

Monitoring well installation was conducted March 17 through April 14, 2009 by A.E. Drilling
Services of Greeneville, South Carolina. Prior to drilling, dig permits already in place with
NASA for direct-push drilling were reviewed to ensure no underground utilities would be
encountered during drilling at monitoring well borehole locations. In addition, the first 5 feet at
each borehole location were manually dug with a 4-inch-outside diameter (OD) decontaminated,
stainless-steel posthole digger to confirm no utilities were overlooked or were not identified by
NASA utility location diagrams.
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Following posthole digging to 5 feet, all overburden/shale boreholes were advanced by a CME-
750 drill rig using 8-inch-OD (4.25-inch-inside diameter [ID]) hollow-stem augers (HSA) to the
depth of auger refusal. At most boreholes, unless paired with an adjacent bedrock well in which
lithologic soil sampling was conducted (LBA-MWO01/LBA-BEDGW-001, LBA-MW02/LBA-
BEDGW002, RCA-MW01/RCA-BEDGW-001, RCA-MWO02/RCA-BEDGW-002), soil core
samples were continuously collected below the 5-foot posthole boring to terminating depth using
a 2-foot-long and 2-inch-OD stainless-steel split spoon. Soil core samples were visually
examined by a Shaw field geologist and documented on hazardous, toxic, and radiological waste
(HTRW) drilling logs. Overburden/shale monitoring well construction logs are included in
Appendix B. Well completion in each borehole was accomplished using 2-inch-diameter PVC
Schedule 40 riser pipe and a 10-foot Schedule 40 PVC section of 0.010-inch factory slotted
screen. No soil samples were submitted to an analytical laboratory, but each sample was
screened by a Sirius air quality meter to measure any organic vapors. Well construction logs of

the monitoring well associated with the appropriate borehole are also included in Appendix B.

For all bedrock wells, following posthole digging to 5 feet, a pilot borehole was drilled by a
CME-750 drill rig using 4.25-inch-ID by 8-inch-OD HSA to bedrock refusal. As with the
overburden/shale borehole, soil core samples were continuously collected from the ground
surface to terminating depth using a 2-foot-long and 2-inch-OD stainless-steel split spoon. Soil
core samples were visually examined by a Shaw field geologist, screened for organic vapors, and
documented on HTRW drilling logs (Appendix B).

All bedrock wells were installed as double-cased wells. Therefore, following the pilot borehole
drilling, each soil borehole was overdrilled with an 8.25-inch-ID by 12-inch-OD HSA until
refusal. These augers were temporarily left in place to hold back overburden materials.
Following the overdrilling, an 8-inch-OD roller cone bit was used to cut through the weathered
bedrock, if present, and several feet into the competent bedrock. Roller cone drilling was
performed using water for the purpose of both cooling the drill bit and washing rock cuttings
from the borehole. The roller cone bit was advanced until at least 3 to 5 feet of competent
drilling was completed, which was measured by the competency of cutting pressure, size and
color of rock fragments, and sound of drill bit cutting “chatter.” Upon reaching the appropriate
depth, black steel isolation casing (6-inch-ID by 6 5/8-inch-OD) was installed into the borehole

and pressure grouted in place.
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All pressure grouting was performed using an expendable grout shoe. The grout shoe was 6
5/8-inch PVC cap placed over the end of the isolation casing before insertion into the borehole.
The center of the grout shoe consisted of a one-way valve, similar to the ball valve in a bailer.
After the isolation casing and grout shoe were pushed to a depth approximately 2 to 3 inches
above the drilled depth, a PVC tremie pipe was connected to the valve and grout was pumped

through the shoe and into the borehole until freely flowing around the isolation casing at the
surface. This method ensured a complete seal of the isolation casing.

After allowing the grout to cure for a minimum of 48 hours, bedrock was cored with water using
a CME-750 drill rig. Coring was conducted through the center of the black steel isolation casing
using a custom manufactured PQ bit that collects a 3-inch-OD rock core but drills a 6-inch-OD
borehole. All coring was performed using a 5-foot-long core barrel. Rock cores were visually
examined and a lithology description prepared (Appendix B). Photographs of the rock cores were
taken and are presented in Appendix D.

It was necessary to use tap water during coring of the bedrock for the purpose of flushing
bedrock chips from the borehole, cooling the drill bit, and providing some type of lubrication
between the bit and bedrock. After a 5-foot run was drilled and coring equipment was out of the
borehole, water was purged and any recovery rate measured. If groundwater was interpreted to
have been encountered, well completion was accomplished using a 2-inch-diameter Schedule 40
PVC riser pipe and 15-foot sections of 0.010-inch continuous wrap screen. Filter packs in
screened wells were constructed with sand (tremied) beginning at a depth approximately 1 foot
below the screen to approximately 2 feet above the screen. Three to 6 feet of pellet bentonite
were then placed above the sand. The remaining annular space between the PVC riser and
borehole and PVC riser and the black steel casing was filled (tremied) with bentonite-cement

grout from the top of the bentonite to approximately 2 feet bgs.

Each well was completed to minimize frost heave. Beginning at a depth of around 2 feet bgs,
bentonite was added within and around the protective casing above the bentonite-cement grout to
ground surface. In addition, the concrete for the concrete pad was prevented from touching the
protective casing by placing an expendable plastic spacer between the concrete and the casing.
This was done in case the ground surface with the pad should heave due to frost and therefore
allow the concrete pad to move without breaking. Surface completion at each well consisted of a
4-inch-square, lockable, metal, above-grade protective casing. A 4-foot-square, 4-inch-thick,

concrete pad with sides sloping away was constructed around each well. Four protective steel
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posts were installed at each corner of the concrete pad. An identification plate with well name,

total depth, depth to screen, and survey information was secured to the protective casing.

Monitoring well construction details for the new monitoring wells are summarized in Table 3-2.

Drilling logs and well construction diagrams are included in Appendix B.

3.6 Monitoring Well Development

All newly constructed monitoring wells were developed no sooner than 48 hours and no later
than 7 days after completion of well construction. A Waterra pump connected with 1-inch check
valve and %2-inch-ID high-density polyethelyene tubing was used to perform well development.
The Waterra pump is an inertial pump that requires a 6- to 8-inch surging action for water
removal. During development, the check valve and associated tubing were repositioned
vertically throughout the screened interval to fully develop the entire well screen. Periodically,
development was further enhanced by removal of the tubing from the pump and a more
aggressive manual 1- to 2-foot-length surging action was conducted. A well development log
was completed for each well to document well development progress, field parameters, and other
pertinent information. Water was removed from each well until turbidity measurements remained
below 10 nephelometric turbidity units (NTU) or were clear to the eye and water quality
parameters pH, conductivity, and dissolved oxygen stabilized or groundwater from the well was
completely evacuated. Bedrock wells were more difficult to develop because the recharge rate
was typically poor. Due to insufficient recharge, no final well development photographs were
taken of groundwater from wells LBA-BEDG-W-002 or RCA-BEDGW-003. Photographs of

development water and well development logs are included in Appendix E.

3.7 Piezometer Abandonment

On July 16 through 18, 2009, all nine of the temporary piezometers installed at the LBA for
initial investigations purposes were abandoned. Prior to abandonment, the depth to groundwater
was measured and recorded. Following measurement of the water level, the piezometer was
completely removed from the ground and backfilled with granular bentonite consistent with Ohio
regulatory requirements (www.dnr.state.oh.us/portals/7/pubs/potts/wellsealing.pdf).

Approximately 1.25 pounds of bentonite were used in each borehole. Abandonment forms for
each piezometer were completed and filed with the Ohio Department of Natural Resources,

Division of Water (www.dnr.state.oh.us).
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3.8 Groundwater Sampling
Two low-flow groundwater sampling events were completed at the LBA during the PBOW wet
and dry seasons. The first sampling event was conducted following well installation during the
PBOW wet season of May 2009 and the second during the dry season of November 2009.
Groundwater from the monitoring wells was low-flow sampled using a bladder pump.
Groundwater samples were analyzed for nitroaromatics, inorganics (TAL metals and cyanide
both filtered and unfiltered), volatile organic compounds (VOC), SVOCs, and water quality
parameters (alkalinity, chloride, cyanide, hardness, nitrate/nitrite, sulfate, total dissolved solids,

total suspended solids, turbidity, ferrous iron, and oxidation-reduction potential [ORP]).

To assess the potential air quality that may be at the well during purging activities, upon arrival
at all monitoring wells and following removal of the security lock, the lid to the well was
removed and vapors within the casing were immediately measured using a Sirius air quality
meter that measures organic vapors, lower explosion level, carbon dioxide, oxygen, and
hydrogen sulfide content. Measurement was performed as an early indication of the breathing air
vapors that may be encountered when purging activities began. Once well purging activities
commenced, breathing air concentrations were continuously measured and compared with the
health and safety requirements (Shaw, 2008a). Hydrogen sulfide is one of the hazardous
chemicals commonly encountered when purging groundwater from the bedrock wells screened
within the Delaware Limestone. Hydrogen sulfide readings did not pose a problem at the LBA

during either groundwater sampling event.

Three procedures were used for purging and sampling monitoring wells. Low-flow (minimal
drawdown) was the preferred purging and sampling method in wells where adequate recharge
was present. If a well did not recharge adequately to use the low-flow sampling method (i.e.,
water level dropped 6 inches or more), removal of three volumes of groundwater from above the
top of screen was performed by continued pumping. If water recharge while above the screen
was so minimal (less than 50 milliliters per minute) that this purging and sampling method could
not be conducted in an efficient, timely manner, the water column in the well was removed

entirely. Recharged groundwater was sampled the following day.

Samples collected for inorganics analysis were filtered in the field through a 0.45-micrometer
high-capacity filter attached to the discharge line of the bladder pump. If the well was not
sampled using the bladder pump (i.e., with a disposable Teflon® bailer), a hand-operated,

disposable 0.45-micrometer filter was used.
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All groundwater that was removed from the wells during purging activities was containerized
and properly disposed of following the IDW management procedures as identified in the Shaw
SWSAP (Shaw, 2008b) and Work Plan (Shaw 2009a). Details of disposal activities are presented
in Section 3.12.

Table 3-3 shows a list of the primary groundwater samples collected. Final field measurements
recorded immediately before the water quality meter flow-through cell was disconnected and
prior to groundwater sample collection are shown in Table 3-4. A final water quality reading was
not recorded if adequate water volume was not present or if sample water would have possibly
contaminated the recording instrument beyond decontamination efforts. Monitoring well

locations are shown on Figure 3-1. Appendix C contains groundwater sample collection logs.

3.9 Sediment and Surface Water Sampling

Surface water and sediment samples were collected from the unnamed tributary to Plum Brook
east of the locomotive building and west of the RCA (Figure 3-1). Seven surface water samples
(including one field duplicate [FD] sample) and seven sediment samples (including one FD
sample) were collected in collocated locations from the unnamed drainage ditch and a tributary
to the ditch. In addition, one surface water sample was collected from the drainage water flowing
from a clay pipe from the possible rail car wash sump (LBA-SW07). Surface water and sediment
samples were analyzed for volatiles, nitroaromatics, metals, SVOCs, and PCBs. Water quality
readings (ORP, pH, conductivity, turbidity, dissolved oxygen, and temperature) were also
recorded for the surface water samples and are shown in Table 3-4. In addition, one surface
water sample (LBA-SWO01) was analyzed for hardness and the collocated sediment sample
(LBA-SDO01) was analyzed for TOC. Table 3-5 presents a summary of surface water and
sediment samples collected at the investigation areas. Appendix C contains surface water and

sediment sample collection logs.

3.10 Decontamination Procedures

Decontamination of drill rigs, downhole tools, and sampling equipment was performed in
accordance with Section 5.0 of the SWSAP (Shaw, 2008b). Specifically, drill rigs, rods, drill
bits, and augers were cleaned at the decontamination pad using high-pressure hot water from a
steam cleaner before entering the drilling site, between sites, and after completion of the last
borehole. Other sampling equipment was decontaminated by rinsing in sequence with phosphate-

free soapy water, tap water, methanol, and deionized water. Equipment was then air dried, if
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possible, before use. The bladder pump used during groundwater sampling was decontaminated
by disassembling the pump and decontaminating individual pieces. Disposable tubing and bailers
were used in the groundwater sampling. New tubing and a new bailer (if necessary) were used

for each well.

3.11 Land Survey

An Ohio-registered professional land surveyor surveyed the direct-push soil borings and
piezometers, overburden/shale and bedrock monitoring wells, and surface water and sediment
sampling locations during two mobilizations. During the first survey event, conducted from
January 27 through 30, 2009, soil borings and piezometers were surveyed. During the second
event, conducted from May 18 through 21, 2009, monitoring wells, surface water and sediment
sampling locations, and a stream staff gauge were surveyed. Horizontal coordinates were
surveyed to the closest 0.1 foot and referenced to the Ohio State Plane Coordinate System.
Vertical coordinates (land surface and top-of-casing elevation) were surveyed to the nearest 0.01
foot and referenced to the 1929 National Geodetic Vertical Datum. Land survey data reports are
included in Appendix F.

3.12 Investigation-Derived Waste Management

IDW generated during investigation activities included soil, groundwater, rock cores,
decontamination water, and personal protective equipment. All IDW was managed and handled
in accordance with procedures described in the SWSAP (Shaw, 2008b).

Coring fluids and decontamination, development, and purge water generated during field
activities were stored in labeled 55-gallon drums. Soil generated during direct-push and
monitoring well drilling was collected in 55-gallon drums and labeled with identification of
contained material, content volume, date of generation, and source of origin as applicable.
Personal protective equipment (Tyvek suits, latex gloves, etc.) and general refuse were double

bagged and disposed in an on-site Shaw contracted industrial dumpster for disposal.

Following direct-push and monitoring well drilling, groundwater sampling, and analytical
determination that the media were nonhazardous, soil and groundwater IDW was transported to a
registered disposal facility. Disposed-of media include all soil and water generated during
monitoring well installation activities and purge and decontamination water generated during

groundwater sampling. All fluids and solids were transported by Triad Transport, Inc. to the
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Environmental Quality Company in Detroit, Michigan, for disposal. All rock cores are currently

being stored inside a weather protected, secure NASA bunker.

RI activities at the LBA were conducted in sequence and simultaneously with other PBOW
investigations. Although identification on the storage drums included contents, date generated,
volume, and location of origin, disposal of the drums was based upon weight and area stored. A
record of specific drums taken by the disposal company with each trip was not kept. Therefore,
drums containing LBA media (soil, purge water, isolation casing, rock core drill water, and
decontamination water) may have been transported by the Environmental Quality Company on
more than one date. Because the specific disposal dates of the LBA waste drums are unknown,
all of the waste manifests generated during the drilling and sampling events are included in
Appendix G. '
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4.0 Analytical Program and Data Review Methodologies

The following sections present the analytical program used in this investigation. This review
includes the laboratories used for all samples, the analytical methods used, data quality
evaluation, and blank analysis. In addition, a description and derivation of risk-based screening
concentrations (RBSC) is presented in Section 4.2.1. The derivation and use of BSCs and the
analytical results are presented in Section 4.2.2.

4.1 Analytical Program and Methodologies

4.1.1 Sample Analysis and Data Validation

Primary and FD project samples collected in January and February 2009 were analyzed by AML
Scientific, LLC of Olathe, Kansas. AML Scientific ceased operations at the end of February
2009. Regular and FD project samples collected after February 2009 were analyzed by Accutest
Laboratories of Orlando, Florida. Field splits (FSs) were analyzed by Test America, Inc. of
Canton, Ohio. Analysis for nitroaromatic FS samples was performed by Test America of
Knoxville, Tennessee, and Test America of Denver, Colorado. Shaw performed the data
validation. The validation summaries are provided in Appendix H. The analytical results are
summarized in Appendix 1. Tables of detected hits that exclude “B” qualified (Section 4.1.3)
data are included in Appendix J. A data quality evaluation is located in Appendix K.

All data analyzed were reviewed for accuracy and completeness. One hundred percent of the
data analyzed were subjected to data validation following the guidelines in the U.S.
Environmental Protection Agency (EPA) Contract Laboratory Program National Functional
Guidelines for Superfund Organic Methods Data Review (EPA, 2008) and EPA Contract
Laboratory Program National Functional Guidelines for Inorganic Data Review (EPA, 2004),
the QAPP (Shaw, 2008c), and specific analytical method requirements. Data were evaluated
against specific criteria to verify the achievement of precision, accuracy, representativeness,
completeness, and comparability goals established to meet the project data quality objectives
(DQO). The criteria for blank evaluation were based on those detailed in EPA Region 3
Modifications to National Functional Guidelines for Evaluating Organic Analyses (EPA, 1994)
and Region 3 Modifications to the Laboratory Data Validation Functional Guidelines for
Evaluating Inorganic Analyses (EPA, 1993).
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4.1.2 Analytical Methods

Chemical analyses for the investigation were performed in accordance with guidelines detailed in
EPA’s Test Methods for Evaluating Solid Waste (SW-846), Physical/Chemical Methods, Third
Edition, September 1986 (EPA, 1986) and subsequent revisions. Groundwater, surface water,
soil, and sediment samples were collected at the LBA. The groundwater samples and associated
quality assurance (QA)/QC samples were analyzed for VOCs, SVOCs, metals, nitroaromatics,
and several water quality parameters with the exception of locations that did not yield enough
water to collect the full analytical suite. In those instances, nitroaromatic samples were collected
first. All surface water samples and associated QA/QC samples were analyzed for VOCs,
SVOCs, metals, and nitoraromatics. All soil samples and associated QA/QC were analyzed for
VOCs, SVOCs, metals, and nitroaromatics. Soil samples and associated QA/QC samples from
selected depths were also analyzed for PCBs. All sediment samples and associated QA/QC were
analyzed for VOCs, SVOCs, metals, nitroaromatics, and PCBs. The analytical methods used for

analysis for all four media are summarized in Table 4-1.

4.1.3 Data Quality Evaluation

The reliability of the sampling and analytical procedures used during the investigation was
demonstrated by implementing the project-specific QA procedures specified in the SWSAP
(Shaw, 2008b) and QAPP (Shaw, 2008c) and its site-specific attachments. Successful execution
of these procedures provides strong supporting evidence that the data are representative of the

areas under investigation.

The DQOs for this project were to produce scientifically valid data of known accuracy and
precision that were complete with respect to identified critical samples, comparable with similar
data types, and representative of the media sampled so as to be useful for the cited purposes.
Evaluation of the data using the DQOs and the data validation process resulted in the
determination that most of the data set is valid and of sufficient quality to meet the objectives of
the investigation. Some VOCs were rejected during data validation (i.e., “R” qualified) because
of calibration problems. However, all of these rejected data were nondetects. Associated
detections of these VOCs were qualified "J,” estimated. A complete evaluation of the analytical

results is given in the data quality evaluation found in Appendix K.

4.1.4 Blank Evaluation

The purpose of blank analysis is to detect contamination resulting from laboratory and field
activities. Blank evaluation involves qualification of data based on the results of associated field
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blanks, trip blanks, equipment rinsates, and laboratory method blanks. The criteria for blank

evaluation are as follows:

o If a parameter is found in a blank but not detected in the sample, no action is taken.

» For organics, if the sample result is greater than the contract-required quantitation
limit, but is less than 5 times (most analytes) or 10 times (common laboratory
contaminants) that of the blank result, the sample result is qualified “B.”

» For organics, if the sample result is less than the contract-required quantitation limit
and less than 5 times (most analytes) or 10 times (common laboratory contaminants)
the blank result, the sample result is qualified "B." The "J" qualifier is not used.

o For metals, if the sample result is greater than the instrument detection limit but less
than 5 times the blank result, the sample result is qualified "B."

o Ifthe sample result is greater than 5 times (most analytes) or 10 times (common
laboratory contaminants) the blank result, the sample result is not qualified.

In instances where more than one blank is associated with a given sample, qualification is based
upon a comparison with the associated blank having the highest concentration of a contaminant.
Blank results are not subtracted from sample concentrations. Note that data with “B” validation
qualifiers are included in the Chapter 5.0 tables, but the associated concentrations are not
included in the tables’ “maximum detected concentration” column because “B” qualified data are

not used in PBOW risk assessments.

4.1.5 Field Duplicate Field and Split Evaluation

Field duplicates were taken at a frequency of 1 field duplicate per every 10 samples collected.
All media sampled have at least one field duplicate collected. Field duplicates are defined as
samples collected at a single sampling location during multiple acts of sampling, that equally
represent a medium at a given time and location. The data generated from the analysis of field
duplicate samples were used to evaluate the precession of the sample collection and analysis
procedures. A complete evaluation of the field duplicate results is given in the data quality
evaluation found in Appendix K

Field splits were collected in conjunction with field duplicate and were sent to a different
laboratory than the primary contract laboratory. In this case, the field splits were submitted to

Test America, North Canton. The field split samples were submitted to the split laboratory for
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the same analysis as their corresponding field duplicate and original parent sample. The split
samples were used to determine reproducibility of the analytical results when analyzed by
different laboratories. Split sample results were also used to ensure the contract laboratory’s
preparation and analysis procedures were in control and met the approved method criteria. A

complete evaluation of the field split results is given in the data quality evaluation found in
Appendix K

4.2 Comparison to Screening Criteria

The analytical result tables presented in Chapter 5.0 include a comparison to RBSCs and BSCs
as points of reference only. Concentrations of analytes that exceed the RBSCs are highlighted in
the tables. RBSCs do not infer a regulatory limit or mandated cleanup level, nor is the
identification of an exceedance intended to indicate an unacceptable human health risk or a need
for remedial action. Formal evaluation of human health risks will be performed in the BHHRA.
Concentrations in individual samples that exceed the respective BSCs are identified as bold in
the Chapter 5.0 result tables.

4.2.1 Risk-Based Screening Concentrations

The RBSCs are derived from EPA (2009) regional screening levels as described in the LBA
BHHRA work plan (Shaw, 2010). The groundwater RBSCs are based on a generalized
residential drinking water scenario, assumed to be the most restrictive use of groundwater, and
correspond to a one-in-a-million (1E-6) incremental lifetime cancer risk (ILCR) or a noncancer
hazard quotient of 0.1, whichever results in a lower concentration (Shaw, 2010). The soil RBSCs
are based on a long-term residential land-use scenario that assumes use by a young child for
noncancer effects and use by the combined young child and adult life stages for carcinogenic
effects. Together, these capture a worst plausible case for future land use. The soil RBSCs are
likewise based on an ILCR of 1E-6 and a hazard quotient of 0.1. RBSCs for surface water and
sediment are derived from the respective groundwater and soil RBSCs as described in the
BHHRA work plan (Shaw, 2010). As stated in Section 4.2, laboratory analytical results are
compared to RBSCs only as a point of reference. Further details on the RBSCs and their
derivation are provided in the BHHRA work plan and will be provided in the BHHRA report.

4.2.2 Background Screening Concentrations
BSCs have been derived for inorganic analytes and benzene, toluene, ethylbenzene, and xylenes
in groundwater (Shaw, 2005) and for inorganics in PBOW soils (IT, 1998). Table 4-2 presents a

complete list of background screening values generated for groundwater while Table 4-3
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presents a complete list for inorganics in soil. The BSCs were derived from concentrations of
these analytes found in PBOW background groundwater monitoring wells and soil data sets. The
background soil samples were collected from near the property boundary, away from any
potential source areas, and the background groundwater wells were installed in off-site areas
upgradient of PBOW sources. Each BSC is either the maximum detected concentration or the
calculated 95th percent upper tolerance limit of the background data set, whichever value is
lower, for each relevant analyte (IT, 1998; Shaw, 2005). The background monitoring well

samples were collected using low-flow methodology and were not filtered.
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5.0 Investigation Results

5.1 Local Physical Setting

5.1.1 Site-Specific Soils.

At many PBOW sites, following closure and removal of the manufacturing structures, tanks and
equipment, a local fill sand was brought to the areas to cover the remaining concrete building
foundations and demolition scars and to provide a natural landscape appearance. At the
locomotive building, fill material is interpreted to have been encountered in 13 of the 15
piezometer, soil boring, and monitoring well boring locations. Depths of fill material outside of
the locomotive building ranged from 0.9 foot (SB-04) to possibly 9.2 feet (LBA-MWO02/LBA-
BEDGW-002) and consisted of a dark to yellowish brown, fine-grain sand with gravel common.
A gravel fill consisting of coarse limestone was encountered within the maintenance pit inside
the locomotive building. Figure 5-1 includes a site map with soil boring locations and Appendix
B presents HTRW soil boring drill logs.

Below the fill material, native soil consisted of a glacial till, glacial outwash, or a glacial
lacustrine (lake) deposit. In general, lithology of the monitoring well borings first encountered a
brown, fine-grain sand with thicknesses ranging from 0.1 foot (LBA-BEDGW-002) to 4.4 feet
(LBA-BEDGW-001). Below the sand, lithology changed to a brownish colored, stiff, silty clay
that continued to the top of bedrock (shale) that was encountered at approximately 26 feet bgs.
The Olentangy Shale was the bedrock formation that was encountered.

At the RCA, fill material was interpreted to have been encountered in 6 of the 14 boring
locations. Depths of fill ranged from 0.9 foot (SB-11) to 4 feet (RCA-MWO03). At well
RCA-MWO3, fill material consisted of a yellowish brown, fine-grain sand overlying a black clay
with silt and sand. At PZ-10 a black, loose ash was encountered to a depth of 1.0 foot and in well
PZ-08, fill consisted of a mottled, yellowish brown, silt to a depth of 1.5 feet overlying a fine
grain, yellowish brown sand to a depth of 2.8 feet.

Below the fill material at the RCA, native soil also consisted of a glacial till, glacial outwash, or
a glacial lacustrine (lake) deposit. In general, lithology usually consisted of a black or dark
brown, silt or clay with organics followed by a gray or brownish colored, stiff, silty clay or
clayey silt that continued to the top of bedrock (shale) that was encountered at an average depth
of 23 feet bgs. The Olentangy Shale was the bedrock formation encountered.
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5.1.2 Site-Specific Geology

Bedrock units in the LBA consist of the Olentangy Shale and the underlying Delaware
Limestone. Nine piezometers advanced to refusal at the LS and RCA believe to have
encountered the Olentangy Shale (obtained refusal) at depths ranging from 17.9 feet
(SBO1/PZ05) to 22.9 feet bgs (PZ-10), while bedrock monitoring wells conclusively encountered
the shale at depths ranging from 23.2 feet (RCA-BEDGW-001) to 27 feet bgs (LBA-BEDGW-
002). The average elevation above msl of the shale encountered equates to 619.4 and 611.5 feet
above msl for the temporary piezometers and 615.3 and 609.3 feet above msl for the monitoring
wells, respectively. The depth of the Delaware Limestone encountered ranged from 35.5-feet bgs
(598.8 feet above msl) in well RCA-BEDGW-003 to 41.2 feet bgs (597.3 feet above msl) in well
RCA-BEDGW-001. Figure 5-2 presents a regional geological map.

The nine temporary piezometers drilled until auger refusal did not recover any refusal material
(assumed to be bedrock). As determined by monitoring wells which recovered bedrock, the
Olentangy Shale was found to typically be gray in color, highly weathered near the soil bedrock
interface, thinly laminated, and friable. Competency of the shale increased with depth. The
Delaware Limestone below the shale was typically found to be dark gray in color, hard, slightly
weathered, and fossiliferous (brachiopods, corals, styolites), and exhibited massive bedding. In
addition, seeping petroleum hydrocarbon was noted on the monitoring well borelog for bedrock
wells LBA-BEDGW-001, RCA-BEDGW-001, RCA-BEDGW-002, and RCA-BEDGW-003.
Table 5-1 lists information relative to monitoring well borings LBA-BEDGW-001, RCA-
BEDGW-001, RCA-BEDGW-002, and RCA-BEDGW-003 along with other PBOW
borings/monitoring wells which encountered natural petroleum hydrocarbon, rock core staining,
or hydrogen sulfide vapors. (The petroleum hydrocarbon at PBOW from the Delaware bedrock is
considered to be naturally occurring based upon a finger print analysis conducted by NASA in
2007 [Shaw, 2008d]).

5.1.3 Site-Specific Hydrogeology

Overburden/shale groundwater in the LBA, specifically the area east of RCA, was encountered
at depths ranging from 1 foot bgs (SB01/PZ05) to 10-feet bgs (PZ01 and SB03/PZ04) in January
2009 (wet season) during soil boring drilling/piezometer installation. Groundwater was not
encountered in soil boring SBO5. During monitoring well installation conducted in March and
April 2009 (wet season), overburden/shale groundwater was encountered at depths ranging from
6.4 feet bgs (LBA-BEDGW-001) to 9.5 feet bgs (LBA-BEDGW-002). Overburden/shale
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groundwater on the other side of the drainage ditch, in the RCA, was encountered during the
temporary piezometer and well installation in only 6 of the 14 borings. Overburden/shale
groundwater depths ranged from 3.3 feet bgs (RCA-BEDGW-002) to 23 feet bgs (RCA-MWO02
and RCA-MWO03). Overburden/shale groundwater is suspected not to have been encountered in
this area possibly due to the presence of an agricultural drainage line or possibly from the line
that ran from the former catch sump (previously used to catch the waste acid rinse water from the
former rail car washing) that is currently draining overburden/shale groundwater. The drainage
line is below grade and discharges on the bank of the unnamed ditch. Groundwater is currently
discharging from the drainage line. Table 5-2 shows water level elevations at piezometers and
moniforing wells. As shown by the May 26, 2009 overburden/shale groundwater elevation
contour map (Figure 5-3), which includes water level measurements from both the temporary
piezometers and permanent monitoring wells, overburden/shale groundwater of the locomotive
building flows in an east-northeast direction and groundwater from the RCA flows in a west-
northwest direction toward the adjacent unnamed drainage ditch. Figure 5-4 presents an
overburden/shale groundwater potentiometric map of water level measurements taken on
October 27, 2009 (dry season) from the overburden/shale monitoring wells (piezometers were
abandoned in July). The groundwater flow direction during October 2009 is also in an identical
direction as depicted in May 2009. Overburden/shale groundwater flow from both contour maps
mimics the surface topography.

In addition, one stream level staff gauge (SGO05) was placed in the drainage ditch located
between the LS and RCA and survey elevations recorded at the top and base of the rod. Water
level measurements from the drainage ditch surface water were collected from the staff gauge.
When elevations are plotted in correlation with groundwater level measurements from
overburden/shale monitoring wells, the drainage ditch meets the definition of a “gaining” stream
during both the wet and dry season months of May and October (Figures 5-3 and 5-4). Both
figures show groundwater elevations in the LBA adjacent to the drainage ditch are greater than

the water level elevation of the ditch indicating groundwater is discharging into the creek.

Two bedrock monitoring wells were installed at the LS and three were installed at the RCA
during the RI. Using the 2004 bedrock groundwater elevation contour map, groundwater was
believed to flow in a northwest direction (Shaw, 2005). Based on the 2004 data, existing bedrock
well IT-MNTA-BEDGW-001 was used as an upgradient well, well LBA-BEDGW-002 was
installed as a source well near the southeast corner of the building, and well LBA-BEDGW-001

was installed in a downgradient position, northwest of the locomotive building. Groundwater
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from these bedrock wells was encountered at varying depths. Bedrock groundwater was

encountered in fractures during March 2009 drilling at depths of 90.8 to 91.1 feet (LBA-
BEDGW-001) and 61 feet (LBA-BEDGW-002).

Bedrock wells installed in the RCA include RCA-BEDGW-001, installed in an upgradient
location southeast of the area; well RCA-BEDGW-002, installed as a source well within the
RCA (western side); and well RCA-BEDGW-003, installed as the downgradient well, across the
drainage ditch northwest of the RCA. Bedrock groundwater from these wells were also
encountered at variable depths. The depth at which groundwater was encountered ranged from
53.8 feet bgs in well RCA-BEDGW-002 to 91.1 feet in well RCA-BEDGW-003. The screened

interval of all bedrock wells are within the Delaware Limestone.

Groundwater level measurements from bedrock wells associated with Ash Pit 1 and Waste Water
Treatment Plant 1 were combined with the LBA bedrock groundwater level measurements to
construct groundwater contour diagrams and determine bedrock groundwater flow direction in
the LBA. The diagrams indicate bedrock groundwater flows in a northwest direction at the
LBA. Figures 5-5 and 5-6 show the bedrock groundwater flow on May 26 (wet season) and
October 27, 2009 (dry season). Bedrock groundwater elevations from wells LBA-BEDGW-001,
LBA-BEDGW-002, RCA-BEDGW-001, RCA-BEDGW-003, and AP1-BEDGW-001 were not
used in the contouring of the May 26, 2009 groundwater flow map and elevations from wells
LBA-BEDGW-001, LBA-BEDGW-002, RCA-BEDGW-001, and RCA-BEDGW-003 were not
used in the October 27, 2009 bedrock groundwater flow map. The groundwater elevations were
not used because the well screens are set in possibly low-producing fractures or within a
different bedrock fracture network compared to the other bedrock well screens. In either case,
bedrock groundwater elevations were variable with elevation changes as much as 69 feet in wells
spaced only 130 feet apart (MNTA-BEDGW-001 and RCA-BEDGW-003, May 26, 2009 map).
The difference in water level elevations from wells located fairly close to each other is unknown.
The current data set suggests these bedrock wells may not be useful for construction of future
groundwater flow maps but further evaluation should be conducted if new data becomes
available. As depicted on Figures 5-5 and 5-6, groundwater elevations used in the contouring
were consistent between the five month sampling period, May to October, and water level
elevations show a groundwater flow direction toward the northwest, as would be expected based
upon bedrock groundwater flow maps in the 2004 Groundwater Data Summary and Evaluation
report (Shaw, 2005).
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5.1.4 Site-Specific Hydraulic Connection Between Zones

Vertical hydraulic gradients were calculated for paired wells LBA-MWO01/LBA-BEDGW-001,
LBA-MWO02/LBA-BEDGW-002, RCA-MWO01/RCA-BEDGW-001, and RCA-MWO02/RCA-
BEDGW-002 (Table 5-3) at the LBA. Overburden wells LBA-MWO01, LBA-MW02, RCA-
MWO01, and RCA-MWO02 are screened within overburden material, and bedrock wells LBA-
BEDGW-001, LBA-BEDGW-002, RCA-BEDGW-001, and RCA-BEDGW-002 are screened
within the Delaware Limestone. During bedrock groundwater flow map construction, it was
determined that the water level elevations from wells LBA-BEDGW-001, LBA-BEDGW-002,
and RCA-BEDGW-001 were not in static water level conditions due to unknown but possible
reasons as identified in Section 5.1.3. Vertical gradient calculations from these wells may change
over time when static conditions are reached; therefore the vertical hydraulic gradients from
these wells should be viewed as potentially anomalous due to reasons cited above. Groundwater
elevations in the overburden wells are higher than those in the bedrock wells. This difference
suggests that there may be relatively limited connectivity between the overburden and bedrock
water-bearing zones at the LBA. In addition, any vertical groundwater migration that occurs will
be downward from the overburden into the bedrock. A comparison of wells installed at the LBA
with other well pairs at PBOW reveals that the greatest difference in water levels occurs in the
overburden/Delaware Limestone well pair LBA-MWO01/LBA-BEDGW-001. Approximately 95.3
feet of difference exits in the water levels between the two zones (May 6, 2009) and the average
vertical gradient over the three water level measurements is 1.138 feet per foot downward from
the overburden to the bedrock aquifer.

5.2 Soil Analytical Results

A total of 36 soil samples, 20 from the LS, (including 3 fill material samples from the
maintenance pit), and 16 from the RCA, were collected from 12 borings at the LBA as described
in Section 3.3. Seven surface soil samples (including one FD and one FS sample) were collected
from the LS and six surface soil samples (including one FD and one FS sample) were collected
from the RCA at depths of approximately 0 to 1 foot. A total of 13 subsurface soil samples
(including 3 fill material samples from the maintenance pit) were collected from the LS and a
total of 10 soil samples (including one FD and one FS sample) were collected from the RCA. All
subsurface soil samples were collected from depths of 3 to 5 and 8 to 10 feet except those in the
maintenance pit of the LS. Table 5-4 summarizes the soil sample collection depths and analytical
concentrations above RBSCs and BSCs. Figure 5-7 shows sample locations along with
corresponding analytical results above RBSCs and BSCs.
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5.2.1 2009 LS Surface Soil Samples
Three nitroaromatics were detected in the surface soil (0 to 1 foot) samples at the LS; however,
none of the detected compounds exceeded its RBSC. Six VOC’s were detected in the surface soil

samples at the LS; however, none of the detected compounds exceeded its RBSC.

Thirteen SVOCs were detected in the surface soil samples at the LS; however, only three
compounds exceeded their RBSCs. Benzo(a)pyrene was detected in SB0O3 (sample LBA0007 and
LBAO0008) at concentrations of 0.054 and 0.187 ppm, respectively, above the RBSC of 0.015
ppm. Benzo(a)anthracene was detected in SB03 (sample LBA000S8) at a concentration of 0.236
above the RBSC of 0.15 ppm. Benzo(b)fluoranthene was detected in SB03 (sample LBA000S) at
a concentration of 0.284, above the RBSC of 0.15 ppm.

One PCB, Aroclor 1260, was detected in the surface soil samples at the LS. Aroclor 1260 was
detected in SB0O3 (sample LBA0009) at 0.24 ppm, marginally above the RBSC of 0.22 ppm.
However, it’s concentration in the two other samples (LBA0007 and LBA0008) collected from
this same boring were less than the RBSC.

Six metals were detected above RBSC limits in surface soil samples from the LS, while two
samples were above BSC values. Arsenic, chromium, cobalt, iron and manganese were detected
above RBSCs in each of the soil samples. Concentrations of aluminum were detected above the
RBSC of 7,700 ppm in SB02 (sample LBA0004) and SBOS5 (sample LBA0015) at concentrations
of 7,710 and 8,260 ppm, respectively. Concentrations of arsenic were detected above the RBSC
of 0.39 ppm in each sample and ranged from a low of 4.5 ppm in the sample from boring SB01
(LBA0001) to a high concentration of 11.5 ppm in the field duplicate sample from boring SB03
(sample LBA0008). Concentrations of chromium were detected above the RBSC of 0.29 ppm in
each sample and ranged from a low of 10.1 ppm in boring SB03 (LBA000S) to a high of 12.4
ppm in boring SB05 (LBA0015). Cobalt concentrations were above the RBSC of 2.3 ppm and
ranged from 3.52 ppm in boring SBO1 (sample LBA0001) to a high of 33.2 ppm in boring SB03
(FD sample LBA0008). Iron was also detected above the RBSC value of 5,500 ppm in all of the
samples. Concentrations ranged from 14,300 ppm in SBO5 (sample LBA0015) to 31,400 ppm in
boring SB03 (sample LBA0008). Manganese concentrations were above the RBSC of 180 ppm
and ranged from 187 ppm in boring SBO1 (sample LBA0001) to a high of 1,680 ppm in SB03
(sample LBA0008). Two metals (beryllium and lead) exceeded BSC values. Beryllium exceeded
the BSC value of 1 ppm in all surface soil samples except for the FS sample, with concentrations

ranging from 5.22 ppm in SBO1 (sample LBA0001) to a maximum of 8.07 ppm in SB03 (sample
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LBAO0008). Lead was found above the BSC value of 48.6 ppm in only one sample (LBA0007)
from boring SB03, which had a concentration of 103 ppm. TOC was 3,040 ppm in the one

surface soil boring SB02 (sample LBA0004) that was analyzed for TOC.

5.2.2 2009 RCA Surface Soil Samples

Two nitroaromatics were detected in the surface soil (0 to 1 foot) samples at the RCA; however,
only 2,4-DNT was detected above its RBSC in SB11 (sample LBA0031). It was found at a
concentration of 1.13 ppm, above the RBSC 0f 0.71 ppm. Three VOC’s were detected in the
surface soil samples at the RCA; however, none of the detected compounds exceeded its RBSC.

Fourteen SVOCs were detected in the surface soil samples at the RCA; however, only four
compounds exceeded their RBSCs. Benzo(a)pyrene was detected in SB06 (sample LBA0018) at
a concentration of 0.395 ppm, above the RBSC of 0.015 ppm. Benzo(a)anthracene was detected
in SB06 (sample LBA0018) at a concentration of 0.652 ppm above the RBSC of 0.15 ppm.
Benzo(b)fluoranthene was detected in SB06 (sample LBA0018) at a concentration of 0.878 ppm,
above the RBSC of 0.15 ppm. 2,4-Dinitrotoluene was detected in SB11 (sample LBA0031) at a
concentration of 1.29 ppm, above the RBSC of 0.71 ppm.

Two PCB’s were detected in the surface soil samples at the RCA; however, only one exceeded
its RBSC. Aroclor 1221 was detected in SB12 (sample LBA0034) at a concentration of 0.19
ppm, above the RBSC of 0.14 ppm.

Five metals were detected above RBSC limits in surface soil samples from the RCA, while one
sample was above its BSC value. Arsenic, chromium, and iron were detected above RBSCs in
each of the soil samples. Concentrations of arsenic were detected above the RBSC of 0.39 ppm
in each sample and ranged from a low of 5.9 ppm in the sample from boring SB10 (sample
LBA0028) to a high concentration of 11.3 ppm in the sample from boring SB06 (sample
LBAO0018). Concentrations of chromium were detected above the RBSC of 0.29 ppm in each
sample and ranged from a low of 10.8 ppm in boring SB10 (sample LBA0027) to a high of 14.7
ppm in boring SB11 (sample LBA0031). Cobalt concentrations were above the RBSC of 2.3
ppm and ranged from 4.68 ppm in boring SB11 (sample LBA0031) to a high of 21.3 ppm in
boring SB12 (sample LBA0034). Iron was also detected above the RBSC value of 5,500 ppm in
all of the samples. Concentrations ranged from 14,600 ppm in SB10 (sample LBA0027) to
31,400 ppm in boring SB06 (sample LBA0018). Manganese concentrations were above the
RBSC of 180 ppm and ranged from 187 ppm in boring SB10 (sample LBA0027) to a high of
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1,160 ppm in SB12 (sample LBA0034). One metal (beryllium) exceeded its BSC value of 1 ppm
in all surface soil samples except for the FS sample, with concentrations ranging from 5.17 ppm

in SB10 (sample LBA0027) to a maximum of 9.26 ppm in SB06 (sample LBA0018).

5.2.3 2009 LS Subsurface Soil Samples

No PCB’s were detected in the 3 to 5 foot interval soil samples at the LS, the samples from 8-10°
bgs were not analyzed for PCB’s. Twelve VOCs were detected in the subsurface soil samples at
the LS; however, none of these compounds exceeded their RBSC limits. Seven nitroaromatics
were detected in the subsurface soil samples from the LS; however, only two exceeded their
RBSCs. 2,4-DNT and 2,6-DNT were detected in SB02 (sample LBA0006) above their RBSC of
0.71 ppm at concentrations of 1.37 ppm and 0.842 ppm, respectively.

Two SVOCs were detected in the subsurface soil samples from the LS. Both were
nitroaromatics and both were detected above their RBSCs. 2,4-DNT was detected in SB02
(samples LBA000S and LBA0006) above the RBSC of 0.71 ppm at concentrations of 1.03 ppm
and 9.88 ppm, respectively. 2,6-DNT was detected in SB02 (sample LBA0006) above the RBSC
of 0.71 ppm at a concentration of 3.82 ppm.

Six metals were detected above RBSC limits in subsurface soil samples from the RCA, while
four samples were above BSC values. Arsenic, chromium, cobalt, iron and manganese were
detected above RBSCs in each of the soil samples. Concentrations of aluminum were detected
above the RBSC of 7,700 ppm and ranged from 7,750 ppm in boring SB04 (sample LBA0014)
to a high of 11,000 ppm in boring SB05 (sample LBA0016). Concentrations of arsenic were
detected above the RBSC of 0.39 ppm in each sample and ranged from a low of 4.58 ppm in the
sample from boring SB04 (LBA0013) to a high concentration of 11.6 ppm in boring SB05
(sample LBA0016). Concentrations of chromium were detected above the RBSC of 0.29 ppm in
each sample and ranged from a low of 11.0 ppm in boring SB05 (sample LBA0017) to a high of
18.5 ppm in boring SB05 (sample LBA0016). Cobalt concentrations were above the RBSC of
2.3 ppm and ranged from 4.35 ppm in boring SB04 (sample LBA0013) to a high of 10.3 ppm in
boring SBO1 (sample LBA0003). Iron concentrations were detected above the RBSC value of
5,500 ppm and ranged from 14,200 ppm in SB04 (sample LBA0013) to a high of 31,600 ppm in
boring SBOS5 (sample LBA0016). Manganese concentrations were above the RBSC of 180 ppm
and ranged from 228 ppm in boring SB03 (sample LBA0010) to a high of 706 ppm in SB02
(sample LBA0005). Four metals (beryllium, calcium, magnesium, and mercury) exceeded BSC

values; note that none of these exceeded its RBSC. Beryllium exceeded the BSC value of 1 ppm
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in all subsurface soil samples with concentrations ranging from 5.15 ppm in SBO1 (sample
LBA0002) to a maximum of 8.55 ppm in SB05 (sample LBA0016). Calcium exceeded the BSC
0f 52,300 and ranged from 53,500 ppm in boring SB03 (sample LBA0011) to a high of 74,000 in
boring SBO1 (sample LBA0002). Magnesium was detected above the BSC of 10,400 ppm and
ranged from 16,800 ppm in boring SB01 (sample LBA0002) to a high of 19,400 in boring SB03

(sample LBA0O11). Mercury was detected above the BSC of 0.09 and ranged from 0.157 ppm in
SBO1 (sample LBA0003) to a high of 0.158 ppm in SB03 (sample LBA0011).

5.2.4 2009 Maintenance Pit Samples
Since the maintenance pit samples were primarily a crushed limestone, gravel fill they were not
analyzed for VOC’s. Neither nitroaromatics nor PCB’s were detected in the samples submitted

from the maintenance pit.

Nine SVOCs were detected in the subsurface soil samples from the maintenance pit; however,
only three were detected above their RBSCs. Benzo(a)anthracene was detected above the RBSC
0f 0.15 ppm and ranged from 0.163 ppm in boring SB07 (sample LBA0023) to a high of 0.651
ppm in boring SB09 (sample LBA0025). Benzo(a)pyrene was detected above the RBSC of 0.015
ppm in boring SB09 (sample LBA0025) at a concentration of 0.498 ppm. Benzo(b)fluoranthene
was detected above the RBSC of 0.15 ppm and ranged from 0.327 ppm in boring SB07 (sample
LBAO0023) to a high of 1.01 ppm in boring SB0O9 (sample LBA0025).

Five metals were detected above RBSC limits in subsurface soil samples from the maintenance
pit, while three samples were above BSC values. Arsenic, chromium, and manganese were
detected above RBSCs in each of the soil samples. Concentrations of aluminum were detected
above the RBSC of 7,700 ppm and ranged from 7,740 ppm in boring SB08 (sample LBA0024)
to a high of 9,160 ppm in boring SB07 (sample LBA0023). Concentrations of arsenic were
detected above the RBSC of 0.39 ppm in each sample and ranged from a low of 1.38 ppm in the
sample from boring SB07 (LBA0023) to a high concentration of 3.41 ppm in boring SB09
(sample LBA0025). Concentrations of chromium were detected above the RBSC of 0.29 ppm in
each sample and ranged from a low of 4.63 ppm in boring SB09 (sample LBA0025) to a high of
9.62 ppm in boring SBO8 (sample LBA0024). Iron was detected above the RBSC value of 5,500
ppm in SB0O9 (sample LBA0025) at a concentration of 6,980 ppm. Manganese concentrations
were above the RBSC of 180 ppm and ranged from 369 ppm in boring SB09 (sample LBA0025)
to a high of 1,050 ppm in SBO7 (sample LBA0023). Three metals (beryllium, calcium, and

magnesium) exceeded BSC values; note that none of these exceeded its RBSC. Beryllium
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exceeded the BSC value of 1 ppm in all the maintenance pit samples with concentrations ranging
from 1.14 ppm in SB09 (sample LBA0025) to a maximum of 1.2 ppm in SBO7 (sample
LBAO0023). Calcium exceeded the BSC of 52,300 and ranged from 240,000 ppm in boring SB09
(sample LBA0025) to a high of 288,000 in borings SB07 (sample LBA0023) and SB08 (sample

LBA0024). Magnesium was detected above the BSC of 10,400 ppm and ranged from 23,500
ppm in boring SBO7 (sample LBA0023) to a high of 29,600 in boring SB09 (sample LBA0025).

5.2.5 2009 RCA Subsurface Soil Samples

One PCB was detected in the subsurface soil samples at the RCA; however, it did not exceed its
RBSC. Five VOC’s were detected in the subsurface soil samples at the RCA; however, none of
these compounds exceeded their RBSC limits. Six nitroaromatics were detected in the subsurface
soil samples from the RCA; however, only four exceeded their RBSCs. 2,4-DNT was detected
above its RBSC of 0.71 ppm and ranged from 0.947 ppm in boring SB11 (sample LBA0032) to a
high of 5.68 ppm in boring SB11 (sample LBA0033). 2,6-DNT was detected above its RBSC of
0.71 ppm in boring SB11 (sample LBA0033) at a concentration of 4.12 ppm. 2-nitrotoluene
(NT) was detected above its RBSC of 2.9 ppm in boring SB11 (sample LBA0033) at a
concentration of 22.7 ppm. 3-NT was detected above its RBSC of 0.61 in boring SB11 (sample
LBAO0033) at a concentration of 1.52 ppm.

Two SVOCs were detected in the subsurface soil samples from the RCA. Both were
nitroaromatics and both exceeded their RBSC. 2,4-DNT was detected above the RBSC of 0.71
ppm and ranged from 0.866 ppm in boring SB11 (sample LBA0032) to a high of 5.82 ppm in
boring SB11 (sample LBA0033). 2,6-DNT was detected above the RBSC of 0.71 at a
concentration of 2.49 ppm in boring SB11 (sample LBA0033).

Six metals were detected above RBSC limits in subsurface soil samples from the RCA, while
two samples were above BSC values. Arsenic, chromium, cobalt, iron and manganese were
detected above RBSCs in each of the soil samples. Concentrations of aluminum were detected
above the RBSC of 7,700 ppm and ranged from 7,850 ppm in boring SB06 (sample LBA0020)
to a high of 12,000 ppm in boring SB10 (sample LBA0030). Concentrations of arsenic were
detected above the RBSC of 0.39 ppm in each sample and ranged from a low of 5.0 ppm in the
sample from boring SB06 (LBA0022) to a high concentration of 15.3 ppm in boring SB10
(sample LBA0030). Concentrations of chromium were detected above the RBSC of 0.29 ppm in
each sample and ranged from a low of 11.6 ppm in boring SB069 (sample LBA0019) to a high
of 19.0 ppm in boring SB10 (sample LBA0030). Cobalt concentrations were above the RBSC of
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2.3 ppm and ranged from 7.78 ppm in boring SB04 (sample LBA0013) to a high of 53.8 ppm in
boring SB11 (sample LBA0032). Concentrations of iron were above the RBSC value of 5,500
ppm and ranged from 18,200 ppm in SB06 (sample LBA0022) to 33,900 ppm in boring SB11
(sample LBA0032). Manganese concentrations were above the RBSC of 180 ppm and ranged
from 315 ppm in boring SB06 (sample LBA0020) to a high of 3,000 ppm in SB11 (sample
LBA0032). Two metals (beryllium and magnesium) exceeded BSC values; note that neither of
these exceeded its RBSC. Beryllium exceeded the BSC value of 1 ppm in subsurface soil
samples with concentrations ranging from 5.84 ppm in SB06 (sample LBA0020) to a maximum
0f 9.03 ppm in SB10 (sample LBA0030). Magnesium was detected above the BSC of 10,400
ppm and ranged from 10,900 ppm in boring SB12 (sample LBA0036) to a high of 20,500 in
boring SB06 (sample LBA0020).

5.3 Surface Water Analytical Results

A total of seven surface water samples (including one QA sample) were collected from the
unnamed tributary to Plum Brook between the LS and RCRA on May 20-22, 2009, and analyzed
as described in Section 3.9. Sample collection began at the farthest downstream location and
continued in the upstream direction. Table 3-4 presents final surface water quality field
measurements. Table 5-5 presents constituents detected above RBSC values in surface water
samples. Figure 5-8 presents surface water sample locations along with corresponding analytical

results above RBSCs. Appendix C contains surface water sample collection logs.

Nitroaromatics, SVOCs, and PCBs were not detected in any surface water samples. Three VOCs
were detected; however, none of the compounds exceeded their RBSCs. A total of 18 metals
were detected in the five surface water samples, six of which exceeded its RBSC in at least one
sample. Arsenic was detected in only one sample (LBA-SW06) at a concentration (8.8 ppb)
above the RBSC of 0.45 ppb. Chromium was detected in seven of the nine samples and ranged
from 2.6 ppb in sample LBA-SWO1 to a high of 39.8 ppb in sample LBA-SW06; each detection
exceeded the RBSC of 0.43 ppb. Cobalt was detected above the RBSC of 11 ppb only in the
sample from LBA-SWO06 at a concentration of 16.3 ppb. Iron was detected above the RBSC of
26,000 ppb only in the sample from LBA-SWO06, at a concentration of 43,900. Lead was detected
above the RBSC of 15 ppb only in the sample from LBA-SWO6 at a concentration of 18 ppb.
Manganese was detected above the RBSC of 880 ppb in six of the nine samples, with
exceedances ranging from 1,050 ppb in sample LBA-SW04 to a high of 2,220 ppb in the sample
from LBA-SWO0S5. Hardness was measured in surface water sample LBA-SWO1 at a
concentration of 464,000 ppb.
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5.4 Sediment Analytical Results

Collocated with the surface water samples, six sediment samples and associated QA/QC samples
were collected from the unnamed tributary to Plum Brook located between the LS and the RCA
on May 20, 21, and 22, 2009 and analyzed as described in Section 3.9.

No nitroaromatics or PCBs were detected in any of the sediment samples. Three VOCs and four
SVOCs were detected; however, none of the compounds exceeded an RBSC. A total of 21
metals were detected in the sediment samples. Most of the metals were found in each of the
sediment samples collected. The only metals above RBSC values were arsenic, chromium,
cobalt, and manganese. Arsenic was detected in each sample collected and was above the RBSC
of 3.9 ppm. Concentrations ranged from a low of 8.3 ppm in sample LBA-SDO03 to a high of 17.8
ppm in sample LBA-SD04. Chromium was also found above the RBSC value of 2.9 ppm in each
sample, with concentrations ranging from a low of 10.4 ppm in LBA-SDO01 to 18.8 ppm in
sample LBA-SD06. Cobalt was detected in three samples above the RBSC of 23 ppm, ranging
from 24.6 ppm in the field split sample SD-06 to 26 ppm in sample LBA-SD04. Manganese was
detected in two samples above the RBSC of 1,800 ppm. The FS sample from LBA-SDO06 had a
concentration of 2,280 ppm, and sample LBA-SDO1 had a concentration of 5,360 ppm. TOC was
measured in sediment sample LBA-SDO1 at a concentration of 15,000 ppm.

5.5 Overburden/Shale Groundwater Results

From January 28 through 31, 2009, groundwater was collected from the five piezometers
installed at the LS(LBA-PZ01, LBA-PZ02, LBA-PZ03, LBA-PZ04, and LBA-PZ05) using low-
flow groundwater sampling methodology. Groundwater from the piezometers at the RCA (LBA-
PZ07, LBA-PZ08, LBA-PZ09, and LBA-PZ10) recharged at a flow rate less than 50 milliliters
per minute, so no groundwater sample was collected. A total of seven groundwater samples
(including one FD and one FS sample) were collected from LBA-PZ01 through LBA-PZ05 and
analyzed as described in Section 3.4. Piezometer groundwater samples should not be viewed as
equivalent to monitoring well samples. The piezometers had no annular filter pack and were not
developed. Analytical results from piezometer groundwater samples should be viewed as

qualitative data only.

Overburden/shale groundwater was also sampled in permanently installed shallow monitoring
wells at the LS [LBA-MWO1 (upgradient well), LBA-MWO02 (source area well), and LBA-
MWO03 (downgradient well)] and at the RCA [RCA-MWO01 (upgradient well), RCA-MW02
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(source area well), and RCA-MWO03 (upgradient well)]. Groundwater was sampled near the end
of May 2009 during the wet season and also sampled in November 2009 (dry season).
Groundwater was collected from LBA-MWO02 and LBA-MWO03 during the months of May and
November using a bladder pump and low-flow sampling methodology. Groundwater was
collected from LBA-MWO01, RCA-MWO01, RCA-MWO02, and RCA-MWO03 during the months of

May and November by purging with a bladder pump one day and sampling with a new,
disposable Teflon bailer the next.

Overburden/shale piezometer and monitoring well groundwater was analyzed for nitroaromatics,
metals (filtered and unfiltered), VOCs, SVOCs, and water quality parameters (alkalinity,
chloride, cyanide, hardness, nitrate/nitrite, sulfate, total dissolved solids, total suspended solids,
turbidity, ferrous iron, and ORP). Table 3-4 provides final water quality field readings of the
groundwater that were typically recorded immediately prior to sample collection. Tables 5-7 and
5-8 and Figure 5-9 show analytical results above the RBSCs and BSCs. The ORP water quality
parameter measured in the groundwater for overburden/shale monitoring well LBA-MWO03 (-
1061.7 mV) during the May 2009 sampling event was recorded out of the normal range (ORP
range -999 to 999 mV) as well as the DO measurement of groundwater in wells RCA-MW02
(17.05 ppm) and RCA-MWO03 (13.89 ppm) (DO range 0 to 12 ppm). In addition, turbidity from
well LBA-MWO03 was recorded below the normal range of 0.0 NTU at a reading of -4.3 NTU.
These water quality measurements are questionable. Although all meter calibrations were within
recommended standards, out of range water quality readings are probably due to the groundwater
sampling procedure for wells not able to be sampled using the low-flow sampling methodology
(lag time between emptying water into the measurement cup and recording the reading, changes
in temperature of ambient air versus groundwater, aeration of water while filling the
measurement cup, and measurement of non-moving water). The out of range ORP and turbidity
were measured from well LBA-MWO03 on two different dates and sampling at both dates was
performed using the low-flow methodology. The cause for the out-of-range readings by the
meter is unknown. Although, the YSI water quality measurement instrument used during the
groundwater sampling records and displays readings above and below normal ranges and these

readings may be generally accurate, their precision is uncertain.

Groundwater collected from three of the five temporary piezometers at the LS showed elevated
turbidity readings. A turbidity value of 100 NTU was selected for the PBOW temporary
piezometer groundwater sampling measurement point due to the fact that piezometers were

constructed with no filter pack and were not developed prior to sampling. Regardless,
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groundwater analytical data from the temporary piezometers that exhibit turbidity readings

greater than 100 NTU will be identified and analytical data noted as questionable or unreliable.

5.5.1 Piezometer LS Analytical Data

All LS piezometer sampling took place in January of 2009 corresponding to the wet season
conditions. Seven nitroaromatics were detected above RBSCs in the groundwater in the LS
piezometers, four of which exceed the RBSCs. All nitroaromatics were detected in the sample
from LBA-PZ03. 2,4-DNT and 2,6-DNT were detected above their RBSCs of 0.099 ppb at
concentrations of 17.2 and 15.1 ppb, respectively. 2-NT was detected above the RBSC of 0.31
ppb at a concentration of 6.89 ppb, while 3-NT was detected above the RBSC of 0.37 ppb ata
concentration of 3.91 ppb. Twelve VOCs were detected in the LS piezometers; however, only
three compounds exceed the RBSCs. 1,1-Dichloroethane was detected above the RBSC of 2.4
ppb in two samples: 6.66 ppb in LBA-PZ01 and 10 ppb in LBA-PZ04. Naphthalene was detected
above the RBSC of 0.14 ppb in the sample LBA-PZ03 at a concentration of 4.33 ppb and
trichloroethene was likewise detected above the RBSC of 2 ppb in the sample from LBA-PZ03 at
a concentration of 7.03 ppb. Two SVOCs were detected in the LS piezometers and both exceeded
the RBSC. 2,4-DNT and 2,6-DNT were both detected above the RBSC of 0.099 ppb in the
sample from LBA-PZ03 at concentrations of 13.3 and 7.11 ppb, respectively.

Nineteen unfiltered metals were detected in the LS piezometers, 10 of which exceed the RBSCs.
Aluminum exceeded the RBSC of 3,700 ppb and the BSC of 309 ppb in five samples and ranged
from 3,860 ppb in the LBA-PZ05 FD sample to a high of 27,500 ppb in the LBA-PZ05 FS
sample. Arsenic exceeded the RBSC of 0.045 ppb and the BSC of 7.4 ppb in five samples and
ranged from 11.9 ppb in the LBA-PZ05 duplicate sample to a high of 42.7 ppb in LBA-PZ02.
Beryllium exceeded the RBSC of 7.3 ppb in two samples, 12.3 ppb in LBA-PZ04 to 13.7 ppb in
LBA-PZ02. Cadmium was detected above the RBSC of 1.8 ppb in five samples and ranged from
2.23 ppb in LBA-PZ05 to 4.63 ppb in LBA-PZ01. Chromium was detected above the RBSC of
0.043 ppb in four samples which ranged from 6.35 ppb in LBA-PZ05 to 39.1 ppb in LBA-PZ05
FS sample. Cobalt was detected above the RBSC of 1.1 ppb and ranged from 5.01 ppb in LBA-
PZ05 FD sample to 18.6 ppb in LBA-PZ02. Cobalt also exceeded the BSC of 12.1 ppb in the
samples from LBA-PZ02 and LBA-PZ4 at concentrations of 18.6 and 12.4 ppb, respectively.
Copper did not exceed the RBSC but was detected above the BSC of 19.8 ppb in three samples
and ranged from 53.7 ppb in LBA-PZ04 to 66 ppb in LBA-PZ02. Iron was detected above the
RBSC of 2,600 ppb and the BSC of 1,550 ppb in five samples which ranged from 10,200 ppb in
the LBA-PZ05 FD sample to a high of 48,900 ppb in the FS sample. Lead was detected above
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the RBSC of 15 ppb in three samples which ranged from 26.6 ppb in LBA-PZ04 to 48.6 ppb in
LBA-PZ02. Manganese was detected above the RBSC of 88 ppb in five samples and ranged
from 286 ppb in the LBS-PZ05 FD sample to 1,450 ppb in LBA-PZ02. Manganese also
exceeded the BSC of 636 ppb in three samples and ranged from 698 ppb in LBA-PZ04 to 1,450
ppb in LBA-PZ02. Nickel was detected above the BSC of 8.6 ppb in three samples that ranged
from 17.6 ppb in LBA-PZ04 to 58.2 ppb in the LBA-PZ05 FS sample. Vanadium was detected
above the RBSC of 18 ppb in three samples and ranged from 35.9 ppb in LBA-PZ02 to 65.9 ppb

in the LBA-PZ05 FS sample.

Seventeen filtered metals were detected in the LS piezometers; however, only three of these
compounds exceeded the RBSCs and only one exceeded the BSCs. Arsenic was detected above
the RBSC of 0.045 ppb in three samples which ranged from 1.99 ppb in LBA-PZ05 to 28 ppb in
LBA-PZ02. Arsenic also exceeded the BSC of 7.4 ppb in the samples from LBA-PZ02 and the
LBA-PZ05 FD sample at concentrations of 28 and 9.75 ppb, respectively. Cadmium was
detected above the RBSC of 1.8 ppb in the samples from LBA-PZ01 and LBA-PZ004 at
concentrations of 4.46 and 3.29 ppb, respectively. Manganese was detected above the RBSC of
88 ppb in four samples and ranged from 104 ppb in the LBA-PZ05 FD sample to 273 ppb in
LBA-PZ02.

5.5.2 Piezometer RCA Analytical Data
As mentioned in Section 5.5, four temporary piezometers (LBA-PZ07, LBA-PZ08, LBA-PZ09,
and LBA-PZ10) were installed at the RCA. Due to groundwater recharge rates less than 50

milliliters per minute, no groundwater samples were collected.

5.5.3 Overburden/Shale LS Monitoring Well Analytical Data

May 2009 (Wet Season). Seven nitroaromatics were detected in the groundwater in the LS
overburden/shale monitoring well LBA-MW02, five of which exceeded RBSC values. No
nitroaromatics were detected in the other two overburden/shale wells LBA-MWO01 and LBA-
MWO03. A total of three samples were collected from LBA-MWO02 during the wet season which
included a regular, FD, and FS sample. Nitroaromatics 2,4-DNT, 2,6-DNT, 2-NT, and 3-NT
were detected above the PRG in all three samples from LBA-MWO02. 2,4-DNT, 2,6-DNT, 2-NT,
and 3-NT were each detected above their RBSC at maximum concentrations of 10.8 ppb, 7.8
ppb, 48.5 ppb, and 5.7 ppb, respectively, all in the FD sample. Nitroaromatic 4-NT was detected
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above the RBSC in only the FD and FS samples and was found at a maximum concentration of

5.8 ppb in the FD sample.

Five VOCs were detected in the groundwater in LS overburden/shale monitoring wells, two of
which exceeded RBSC values. 1,1-Dichloroethane was detected above the RBSC of 2.4 ppb only
in LBA-MWO03 at a concentration of 6.3 ppb. Trichloroethene was detected above the RBSC of 2
ppb in the three LBA-MWO02 samples which ranged from a low of 4.8 ppb in the FS sample to
5.6 ppb in the regular sample.

Three SVOCs were reported as detected in the groundwater in LS overburden/shale monitoring
wells, two of which exceeded the RBSC values. These are the two DNT isomers, which were
detected only in the samples from LBA-MWO02. 2,4-DNT was detected above the RBSC of 0.099
ppb in the regular LBA-MWO02 sample and the LBA-MWO02 FD sample at concentrations of 2.1
and 6.4 ppb, respectively. 2,6-DNT was detected above the RBSC of 0.099 ppb in the regular
LBA-MWO02 and the LBA-MWO02 FD sample at concentrations of 2.4 and 4.3 ppb, respectively.

Twelve unfiltered metals were detected in the groundwater in LS overburden/shale monitoring
wells; however, only one of these exceeded the RBSC value. Manganese was detected above the
RBSC of 88 ppb in the samples from LBA-MWO1 at a concentration of 436 ppb. Eleven filtered
metals were detected in the groundwater in LS overburden/shale monitoring wells; however as
the unfiltered samples, only manganese was above the RBSC value. Manganese was detected
above the RBSC of 88 ppb in the sample from LBA-MWO01 at a concentration of 457 ppb. No

unfiltered or filtered metals were above BSC values.

November 2009 (Dry Season). Nine nitroaromatics were detected in the groundwater in the
LS overburden/shale monitoring wells, six of which exceeded the RBSC. Like the May 2009
(wet season) sampling, all nitroaromatic RBSC exceedances were from well LBA-MWO02
samples including the regular, FD, and FS samples. 2,4-DNT was detected above the RBSC of
0.099 ppb in all three of the LBA-MWO02 samples at concentrations of 3.4 (regular), 17.8 ppb
(FD), and 14 ppb (FS). 2,6-DNT was also detected above the RBSC 0f 0.099 ppb in the three
samples at concentrations of 5.9 (regular), 12.4 (FS), and 11 ppb (FS). Nitrobenzene was
detected above the RBSC of 0.12 ppb in only the FS sample at a concentration of 1.2 ppb. 2-NT
was detected above the RBSC 0of 0.31 ppb in the LBA-MWO02 samples at concentrations ranging
from 8.1 ppb (regular) to a high of 74.7 ppb (FD). 3-NT was detected above the RBSC of 0.37
ppb in two of the LBA-MWO02 samples at concentrations of 1.2 (regular) and 9.1 ppb (FD). 4-NT
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was detected above the RBSC of 4.2 ppb only in the LBA-MWO02 FD (8.6 ppb) and FS (5.4 ppb)

samples.

Seven VOCs were detected in the groundwater in LS overburden/shale monitoring wells, three of
which exceeded the RBSCs. Carbon tetrachloride was detected above the RBSC of 0.2 ppb only
in the sample from LBA-MWO3 at a concentration of 4 ppb. 1,1-Dichloroethane was detected
above the RBSC of 2.4 ppb in four samples (all three from LBA-MWO02 and one from LBA-
MWO03) which ranged from 3 ppb in LBA-MWO02 to a high of 8.3 ppb in LBA-MWO03.
Trichloroethene was detected above the RBSC of 2 ppb in all three samples from well LBA-
MWO02 which ranged from 4.3 ppb in the regular sample to a high of 5.1 ppb in the FS. Two
SVOCs were detected in the samples in LS overburden/shale monitoring well samples. Both of
these, the DNT isomers, exceeded their RBSCs and both were detected only in well LBA-
MWO02. 2,4-DNT was detected above the RBSC of 0.099 ppb in LBA-MWO02 (regular sample)
and the LBA-MWO02 FD samples at concentrations of 6.1 and 12.9 ppb, respectively. 2,6-DNT
was detected above the RBSC of 0.099 ppb in LBA-MWO02 (regular) and the LBA-MW02 FD
samples at concentrations of 6.0 and 8.4 ppb.

Eleven unfiltered metals were detected in the groundwater in LS overburden/shale monitoring
wells; however, only one exceeded RBSCs and only one exceeded the BSCs. Aluminum was
detected above the BSC of 309 ppb in all three samples from LBA-MW02 which ranged from
313 ppb in the LBA-MWO02 FD sample to a high of 1,190 ppb in the FS. Manganese was
detected above the RBSC of 88 ppb in all of the LS samples. Concentrations ranged from a low
of 159 ppb in LBA-MWO02 FD to a high of 458 ppb in the sample from LBA-MWOL1. Ten
filtered metals were detected in LS overburden/shale monitoring well samples; however, only
one exceeded the RBSCs and none exceeded the BSCs. Manganese was detected above the
RBSC of 88 ppb in two wells; 135 ppb in LBA-MWO01 and 181 ppb in LBA-MWO03.

5.5.4 Overburden/Shale RCA Monitoring Well Analytical Data ,

May 2009 (Wet Season). Four nitroaromatics were detected in the groundwater in the RCA
overburden/shale monitoring well RCA-MWO02, three of which exceeded RBSC values. No
nitroaromatics were detected in the other two overburden/shale wells RCA-MWO01 and RCA-
MWO03. Nitroaromatics 2,4-DNT, 2,6-DNT, and 2-NT were detected above the PRG in the
sample from RCA-MWO02. 2,4-DNT, 2,6-DNT, and 2-NT 3-NT were each detected above their
RBSC at concentrations of 0.23 ppb, 0.29 ppb, and 2.1 ppb, respectively.
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Three VOCs were detected in the groundwater in RCA overburden/shale monitoring wells;
however only one exceeded its RBSC value. Dibromochloromethane was detected above the
RBSC of 0.15 ppb only in the sample from RCA-MWO03 at a concentration of 0.2 ppb. No
SVOCs were detected in the RCA overburden/shale monitoring wells.

Fourteen unfiltered metals were detected in the groundwater in RCA overburden/shale
monitoring wells; however, only two of these exceeded the RBSC values and only two exceeded
the BSC values. Aluminum was detected above the BSC value of 309 ppb only in the sample
from RCA-MWOLI at a concentration of 386 ppb. Cobalt was detected above the RBSC of 1.1
ppb only in RCA-MWO2 at a concentration of 6.1 ppb. Manganese was detected above the
RBSC of 88 ppb in the sample from RCA-MWO02 at concentration of 422 ppb. Nickel was
detected above the BSC value of 8.6 ppb in the sample from RCA-MWO02 at a concentration of
21 ppb. Thirteen filtered metals were detected in the groundwater in RCA overburden/shale
monitoring wells; however, only two of these exceeded the RBSC values and only one
compound exceeded the BSC value. Cobalt was detected above the RBSC of 1.1 ppb only in
RCA-MWO02 at a concentration of 6.1 ppb. Manganese was detected above the RBSC of 88 ppb
in the sample from RCA-MWO02 at a concentration 389 ppb. Nickel was detected above the BSC
of 8.6 ppb only in the sample from RCA-MWO02 at a concentration of 21.1 ppb.

November 2009 (Dry Season). Due to dry conditions during the month of November, well
RCA-MWO01 was dry and could not be sampled. Two nitroaromatics were detected in the
groundwater in one of the two other RCA overburden/shale monitoring wells. Well RCA-MW02
exhibited groundwater nitroaromatic detections of 2-NT and 4-NT and only 2-NT exceeded the
RBSC. 2-NT was detected at a concentration of 1.8 ppb, above the RBSC value of 0.31 ppb. No
VOCs or SVOCs were detected in the groundwater during the November 2009 sampling.

Fourteen unfiltered metals were detected in the groundwater in RCA overburden/shale
monitoring wells; however, only four exceeded the RBSCs and only three exceeded the BSCs.
Aluminum was detected above the BSC of 309 ppb in both of the RCA samples with
concentrations of 1,290 ppb in well RCA-MWO02 and 1,340 ppb in well RCA-MWO03. Chromium
was detected above the RBSC of 0.043 ppb in the samples from RCA-MWO02 and RCA-MWO03
at concentrations of 2.8 and 3.3 ppb, respectively. Cobalt was detected above the RBSC of 1.1
ppb in the samples from RCA-MWO02 and RCA-MWO03 at concentrations of 3.7 and 2.3 ppb,
respectively. Iron was detected above the RBSC of 2,600 ppb in the sample from RCA-MWO02 at
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a concentration of 2,830 ppb and was also detected above the BSC of 1,550 in the samples from
RCA-MWO02 and RCA-MWO03 at concentrations of 2,830 and 2,510 ppb, respectively.
Manganese was detected above the RBSC of 88 ppb in both of the samples at concentrations of
102 ppb in RCA-MWO03 and 272 ppb in RCA-MWO02. Nickel was detected above the BSC of 8.6
ppb in the samples from RCA-MWO02 and RCA-MWO03 at concentrations of 11.4 and 9.1 ppb,
respectively. Only iron from well RCA-MWO02 exceeded both RBSC and BSC values. Ten
filtered metals were detected in the two overburden/shale monitoring well samples; however,
only two exceeded the RBSCs and none exceeded the BSCs. Cobalt was detected above the
RBSC of 1.1 ppb at a concentration of 1.4 ppb and manganese was detected above the RBSC of
88 ppb, both from well RCA-MWO02.

5.6 Bedrock Groundwater Results

In conjunction with the groundwater sampling of the overburden/shale monitoring wells,
groundwater in the permanently installed bedrock monitoring wells (LBA-BEDGW-001
[downgradient well], LBA-BEDGW-002 [source area well], IT-MNTA-BEDGW-001
[upgradient well], RCA-BEDGW-001 [upgradient well], RCA-BEDGW-002 [source area well],
and RCA-BEDGW-003 [downgradient well]) were also sampled. Monitoring well screens from
all of the bedrock monitoring wells are located within the Delaware Limestone bedrock unit.
Like the overburden/shale wells, groundwater was sampled near the end of May 2009 during the
wet season and in November 2009 during the PBOW dry season. During the months of May and
November, insufficient groundwater was found in monitoring wells LBA-BEDGW-001, RCA-
BEDGW-001, and RCA-BEDGW-003, so a groundwater sample could not be collected. During
the month of November, insufficient groundwater was found in monitoring well LBA-BEDGW-
002, so a groundwater sample could not be collected. Groundwater from the other bedrock wells
(IT-MNTA-BEDGW-001 and RCA-BEDGW-002) was collected during both sampling events
by purging the well dry one day using a bladder pump and returning the next day and sampling
the well with a disposable bailer. Groundwater was analyzed for nitroaromatics, metals (filtered
and unfiltered), VOCs, SVOCs, and water quality parameters (alkalinity, chloride, cyanide,
hardness, nitrate/nitrite, sulfate, total dissolved solids, total suspended solids, turbidity, ferrous
iron, and ORP). Table 3-4 provides final water quality readings of the groundwater immediately
prior to sample collection. Table 5-9 and Figure 5-10 show analytical results above the RBSCs
and BSCs. (Note: Because monitoring wells LBA-BEDGW-001, RCA-BEDGW-001, RCA-
BEDGW-003, and LBA-BEDGW-002 [November only] were not sampled during the May or
November 2009 sampling events, these wells do not appear on the tables.)
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May 2009 (Wet Season). No nitroaromatics were detected in the groundwater from bedrock
monitoring wells during the PBOW wet season month of May. Eleven VOCs were detected in
the groundwater from the bedrock monitoring wells during this event, eight of which exceeded
RBSCs and four exceeded BSCs. Benzene was detected above both the RBSC of 0.41 ppb and
the BSC of 2.4 ppb in wells LBA-BEDGW-002 and RCA-BEDGW-002 at concentrations of
1,680 and 31.9 ppb, respectively. Chloroform was detected above the RBSC of 0.19 ppb in the
samples from IT-MNTA-BEDGW-001 and LBA-BEDGW-002 at concentrations of 66.7 and
26.8 ppb, respectively. Chloromethane was detected above the RBSC of 19 ppb in the sample
from LBA-BEDGW-002 at a concentration of 35.6 ppb. Ethylbenzene was detected above the
RBSC of 1.5 ppb and the BSC of 0.87 ppb in all three wells and ranged from 16.7 ppb in IT-
MNTA-BEDGW-001 to a high of 169 ppb in LBA-BEDGW-002. Methylene chloride was
detected above the RBSC of 4.8 ppb in the sample from IT-MNTA-BEDGW-001 at a
concentration of 77.6 ppb. 1,1,2,2-Tetrachloroethane was detected above the RBSC of 0.067 ppb
in RCA-BEDGW-002 at a concentration of 3.7 ppb. Toluene was detected above the RBSC of
230 ppb in LBA-BEDGW-002 above the BSC of 1.7 ppb in all three wells, with concentrations
ranging from 14.2 ppb in IT-MNTA-BEDGW-001 to a high of 692 ppb in LBA-BEDGW-002.
Total xylenes were detected above both the RBSC of 20 ppb and the BSC of 5.5 ppb in all three
wells and ranged from 97.2 ppb in RCA-BEDGW-002 to a high of 1,130 ppb in LBA-BEDGW-
002.

Eight SVOCs were detected in the groundwater from the bedrock monitoring wells; however,
only two exceeded RBSCs and none exceeded BSCs. 2-Methylnaphthalene was detected above
the RBSC of 15 ppb in the samples from IT-MNTA-BEDGW-001 and LAB-BEDGW-002 at
concentrations of 71 and 20.9 ppb, respectively. Naphthalene was detected above the RBSC of
0.14 ppb in all three wells and ranged from 4.5 ppb in RCA-BEDGW-002 to a high of 25.6 ppb
in LBA-BEDGW-002.

Sixteen unfiltered metals were detected in the groundwater from the bedrock monitoring wells;
however, only four exceeded RBSCs and only five exceeded BSCs. Arsenic was detected above
the RBSC of 0.045 ppb and the BSC of 7.4 ppb in wells LBA-BEDGW-002 and RCA-BEDGW-
002 at concentrations of 131 and 19.9 ppb, respectively. Barium was detected above the RBSC
of 730 ppb only in the sample from LBA-BEDGW-002 at a concentration of 762 ppb. Calcium
was detected above the BSC of 316,000 in the samples from LBA-BEDGW-002 and RCA-
BEDGW-002 at concentrations of 462,000 and 343,000 ppb, respectively. Iron was detected
above the RBSC of 2,600 ppb and the BSC of 1,550 ppb only in the sample from
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LBA-BEDGW-002 at a concentration of 2,940 ppb. Magnesium was detected above the BSC of
217,000 ppb in all three wells and ranged from 234,000 ppb in IT-MNTA-BEDGW-001 to a
high of 352,000 ppb in LBA-BEDGW-002. Manganese was detected above the RBSC of 88 ppb
in all three wells and ranged from 95.5 ppb in IT-MNTA-BEDGW-001 to a high of 1,070 ppb in
LBA-BEDGW-002, which also exceeded the BSC of 636 ppb. Thirteen filtered metals were
detected in the groundwater from the bedrock monitoring wells; however, only three exceeded
RBSCs and only four exceeded BSCs. Arsenic was detected above the RBSC of 0.045 ppb and
the BSC of 7.4 ppb in the samples from LBA-BEDGW-002 and RCA-BEDGW-002 at
concentrations of 125 and 13.1 ppb, respectively. Barium was detected above the RBSC of 730
ppb only in the sample from LBA-BEDGW-002 at a concentration of 764 ppb. Calcium was
detected above the BSC of 316,000 ppb in the sample from LBA-BEDGW-002 at a
concentration of 471,000 ppb. Magnesium was detected above the BSC of 217,000 ppb in all
three samples and ranged from 223,000 ppb in RCA-BEDGW-002 to a high of 365,000 ppb in
LBA-BEDGW-002. Manganese was detected above the RBSC of 88 ppb in the samples from
LBA-BEDGW-002 and RCA-BEDGW-002 at concentrations of 1,000 and 186 ppb,
respectively. Manganese also exceeded the BSC of 636 ppb in the sample from LBA-BEDGW-
002 at a concentration of 1,000 ppb. Cyanide was detected above the RBSC of 73 ppb only in the
sample from RCA-BEDGW-002 at a concentration of 110 ppb.

November 2009 (Dry Season). Like the wet season month of May, no nitroaromatics were
detected in the bedrock groundwater at the LBA. Only two wells, IT-MNTA-BEDGW-001 and
RCA-BEDGW-002, could be sampled during the November sampling event. Eight VOCs were
detected in the groundwater from the bedrock monitoring wells, four of which exceeded RBSCs
and BSCs. Benzene was detected above the RBSC of 0.41 ppb and the BSC of 2.4 ppb in the
samples from IT-MNTA-BEDGW-001 and RCA-BEDGW-002 at concentrations of 3.7 and 114
ppb, respectively. Likewise, ethylbenzene was detected above both the RBSC of 1.5 ppb and the
BSC of 0.87 ppb in the samples from IT-MNTA-BEDGW-001 and RCA-BEDGW-002 at
concentrations of 9.9 and 43.4 ppb, respectively. 1,1,2,2-Tetrachloroethane was detected above
the RBSC of 0.067 ppb in IT-MNTA-BEDGW-001 at a concentration of 1.2 ppb. Toluene was
detected above the BSC of 1.7 ppb in IT-MNTA-BEDGW-001 and RCA-BEDGW-002 at
concentrations of 10 and 93.6 ppb, respectively. Total xylenes were detected above both the
RBSC of 20 ppb and BSC of 5.5 ppb in the samples from IT-MNTA-BEDGW-001 and
RCA-BEDGW-002 at concentrations of 136 and 234 ppb, respectively. Four SVOCs were
detected in the groundwater from the bedrock monitoring wells, two of which exceeded RBSCs
and none exceeded BSCs. 2-Methylnaphthalene was detected above the RBSC of 15 ppb in the
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sample from IT-MNTA-BEDGW-001 at a concentration of 256 ppb. Naphthalene was detected

above the RBSC of 0.14 ppb in the samples from IT-MNTA-BEDGW-001 and RCA-BEDGW-
002 at concentrations of 64.9 and 7.2 ppb, respectively.

Twelve unfiltered metals were detected in the groundwater from the bedrock monitoring wells,
two of which exceeded RBSCs and four exceeded BSCs. Arsenic was detected above both the
RBSC of 0.045 ppb and the BSC of 7.4 ppb only in the sample from RCA-BEDGW-002 at a
concentration of 28 ppb. Calcium was detected above the BSC of 316,000 ppb only in the sample
from RCA-BEDGW-002 at a concentration of 360,000 ppb, and magnesium was detected above
the BSC 0f 217,000 ppb at a concentration of 275,000 ppb only in this sample. Manganese
exceeded the RBSC of 88 ppb in the sample from RCA-BEDGW-002 at a concentration of 158
ppb. Potassium exceeded the BSC of 116,000 ppb only in the sample from IT-MNTA-BEDGW-
001 at a concentration of 120,000 ppb. Eleven filtered metals were detected in the groundwater
from the bedrock monitoring wells; however, only two exceeded RBSCs and four exceeded
BSCs. Arsenic was detected above both the RBSC of 0.045 ppb and the BSC of 7.4 ppb only in
the sample from RCA-BEDGW-002 at a concentration of 42.7 ppb. Calcium was detected above
the BSC 0f 316,000 ppb only in the sample from RCA-BEDGW-002 at a concentration of
371,000 ppb. Magnesium was detected above the BSC of 217,000 ppb only in the sample from
RCA-BEDGW-002 at a concentration of 287,000 ppb. Manganese was detected above the RBSC
of 88 ppb in the sample from RCA-BEDGW-002 at a concentration of 177 ppb. Potassium was
detected above the BSC of 116,000 ppb only in the sample from IT-MNTA-BEDGW-001 at a
concentration of 120,000 ppb.
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6.0 Conclusions

This chapter presents conclusions of RI activities conducted at the LBA. Activities were
conducted from January to November 2009 and included soil borehole drilling, temporary
piezometer installation, soil sample collection, maintenance pit fill sample collection,
overburden/shale groundwater sampling from temporary piezometers, permanent
overburden/shale and Delaware Limestone bedrock monitoring well installation, two rounds of
groundwater sampling from monitoring wells (one in the PBOW derived wet season and one in
the dry season), surface water and sediment sampling, and IDW management and disposal.
Analytical results obtained from all samples were screened against RBSC and BSC values.
RBSC values do not infer a regulatory limit or mandated cleanup level, nor does an exceedance
necessarily represent an unacceptable human health risk. They are used in this report only as
points of reference. At the LBA, an unnamed drainage ditch, present since at least 1942, divides
the LS and RCA and prohibits soil and overburden/shale groundwater communication between
the two investigation areas. Therefore, although both sites are located at the LBA, the soil and
overburden/shale groundwater analytical results for the LS and the RCA are presented as
separate conclusions.

6.1 Surface Water Sample Summary

A total of nine surface water samples (FD and FS samples included in total) were collected from
seven locations in the drainage ditch between the LS and RCA. Surface water samples were
analyzed for nitroaromatics, VOCs, SVOCs, metals, PCBs, and water quality readings (ORP,
pH, conductivity, turbidity, dissolved oxygen, and temperature). In addition, at sample location
LBA-SWO01, hardness was also analyzed. The major findings are summarized for the nine
samples as follows:

e No nitroaromatics, SVOCs, or PCBs were detected
e No VOCs were detected above RBSC values.

e Metals detected above the RBSC values include the following six analytes (number of
RBSC exceedance in parenthesis): arsenic (1), chromium (7), cobalt (1), iron (1), lead
(1), and manganese (6). The elevated metals are likely in part the result of
degradation of culverts beneath Maintenance Road. With the exception of manganese,
the maximum detected concentration of metals was detected in swales located
adjacent to Maintenance Road below a culvert outfall.
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o Hardness was measured at a concentration of 464,000 ppb.

« Based upon minimal to no chemical detections, the surface water appears not to have
been impacted by former DOD activities.

6.2 Sediment Sample Summary

A total of eight sediment samples (FD and FS samples included in total) were collocated with the
surface water sample locations in the drainage ditch between the LS and RCA. Sediment samples
were analyzed for nitroaromatics, VOCs, SVOCs, metals, and PCBs, and one sample, LBA-
SDO01, was also analyzed for TOC. Six inches (0.5 foot) of sediment were collected and placed in

a new resealable bag and homogenized. The major findings are summarized as follows:

e No nitroaromatics or PCBs were detected in any of the sediment samples.

e No VOCs or SVOCs were detected above RBSC values in the sediment samples from
the drainage ditch between the LS and RCA.

e Metals detected above the RBSCs include the following four analytes (number of
RBSC exceedance in parenthesis): arsenic (8), chromium (8), cobalt (3) and
manganese (2). These elevated concentrations of metals can be attributed to
degradation of the culverts and are probably not related to former DOD activities at
the site.

o TOC was found to be 15,000 ppm.

« Based upon minimal to no chemical detections, the sediment appears not to have been
impacted by former DOD activities.

6.3 Soil Sample Summary

A total 33 soil samples (including QA/QC samples) were collected at the LBA from nine soil
borings (17 samples from 5 borings at the LS and 16 samples from 4 borings at the RCA) .In
each soil boring samples were collected at intervals of 0 to 1, 3 to 5, and 8 to 10-feet bgs. In
addition to the soil samples, 3 samples were collected from the gravel fill in the maintenance pit
in the LS near the base of the pit (approximately 3 to 4 feet). All the soil samples were analyzed
for nitroaromatics, VOCs, SVOCs, and metals. The soil samples from 0 to 1 and 3 to 5-feet bgs
were also analyzed for PCBs. The maintenance pit gravel samples were only analyzed for

nitroaromatics, SVOCs, and metals. The major findings for each area are summarized as follows:
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Maintenance Pit:

o A weathered petroleum odor was encountered in boring SB-09 which was drilled
within 5-feet of the 1999 SI boring DP-01. Elevated petroleum contaminated material
found in DP-01 was not observed in borings SB-07, SB-08, or SB-09 or reflected in
the analytical results. Therefore, the heavy petroleum-related contamination
encountered during the 1999 SI investigation appears to be limited to the sump and
does not appear throughout the maintenance pit.

» No nitroaromatics were detected in the maintenance pit samples.

e SVOCs were detected with benzo(a)anthracene, benzo(a)pyrene, and
benzo(b)fluoranthene exceeding their RBSCs.

o No metals were detected above both RBSC and BSC values. A total of five metals
(aluminum, arsenic, chromium, iron, and manganese) were detected above RBSCs
and a total of three (beryllium, calcium, and magnesium) were detected above BSCs.
Beryllium is not a metal associated either with the TNT manufacturing process or
typical maintenance activities. In addition, beryllium appears to be elevated relative
to BSCs throughout this area and likely represents the upper range of its
concentration in natural soil. In addition, the nutritionally essential calcium and
magnesium were detected above BSC levels (as nutritionally essential elements they
lack RBSC values).

e Former DOD activities resulting with SVOCs above RBSCs, metals detected above
RBSCs or BSCs, and possible petroleum contamination related to petroleum odor,
may have impacted the Maintenance Pit within the LS (petroleum contamination was
not able to be confirmed).

Locomotive Shop:

« No nitroaromatics exceeded an RBSC in surface soil.

o Two nitroaromatics (2,4-DNT and 2,6-DNT) were detected above the RBSCs in
subsurface soil (boring LBA-SB02).

e VOCs were detected in the surface and subsurface soil samples; however, none
exceeded an RBSC.

e SVOCs were detected in surface soil, but only benzo(a)pyrene exceeded its RBSC in
only one location (LBA-SB03).
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» SVOCs exceeding RBSCs including benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, 2,4-DNT and 2,6-DNT were detected in several subsurface
samples.

e The PCB Aroclor 1260 exceeded the RBSC in one surface soil sample (boring SB03)
and PCBs were detected in subsurface soil samples.

e No metals were detected above both RBSC and BSC values. A total of six metals
(aluminum, arsenic, chromium, cobalt, iron, and manganese) were detected above
RBSCs and a total of five (beryllium, calcium, lead, magnesium, and mercury) were
detected above BSCs. Beryllium is not a metal associated either with the TNT
manufacturing process or typical maintenance activities. In addition, beryllium
appears to be elevated relative to BSCs throughout this area and likely represents the
upper range of its concentration in natural soil. In addition, the nutritionally essential
calcium and magnesium were detected above BSC levels (as nutritionally essential
elements they lack RBSC values).

¢ Based on the presence of nitroaromatics, SVOCs, and PCBs in surface and subsurface

soil above RBSCs and metals detected above RBSCs or BSCs, former DOD
operations have impacted the soil at the LS.

Rail Car Washing Area:

e Onlyone nitroaromatic (2,4-DNT at 0.71 ppm) exceeded an RBSC in surface soil
(LBA-SB11).

e Four nitroaromatics (2,4-DNT, 2,6-DNT, 2-NT, and 3-NT) were detected above the
RBSCs in subsurface soil (boring LBA-SB11).

e VOCs were detected in the surface and subsurface soil samples; however, none
exceeded an RBSC.

e Two SVOC’s were detected in the subsurface soil samples and 2,4-DNT and 2,6-
DNT were both detected in SB11 above the RBSCs.

e The PCB Aroclor 1221 exceeded the RBSC in one surface soil sandple (boring SB-
12) while no PCBs exceeded an RBSC in the subsurface soil.

» No metals were detected above both RBSC and BSC values. A total of six metals
(aluminum, arsenic, chromium, cobalt, iron, and manganese) were detected above
RBSCs and two (beryllium and magnesium) were detected above BSCs. Beryllium is
not a metal associated either with the TNT manufacturing process or typical
maintenance activities. In addition, beryllium appears to be elevated relative to BSCs
throughout this area and likely represents the upper range of its concentration in
natural soil.
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Based on the presence of nitroaromatics in surface and subsurface soil, SVOCs found in
subsurface soil, and one PCB in surface soil, all above RBSCs and/or BSCs, former DOD
operations have impacted the soil at the RCA.

6.4 Piezometer Overburden/Shale Groundwater Sample Summary

A total of seven groundwater samples were collected from five temporary piezometers (FD and
FS samples included in total) in January and February 2009 and analyzed for nitroaromatics,
VOCs, SVOCs, metals (filtered and unfiltered), hardness, and water quality parameters
(alkalinity, chloride, cyanide, hardness, nitrate, sulfate, total dissolved solids, total suspended
solids, turbidity, ORP, and ferrous iron). All groundwater samples were collected from
piezometers at the LS area. The major findings are summarized as follows:

« Nitroaromatics were detected in overburden/shale groundwater samples at the LS.
2,4-DNT, 2,6-DNT, 2-NT, and 3-NT were detected above the RBSCs in the sample
from LBA-PZ03.

e VOCs were detected in piezometer overburden/shale groundwater samples.
1,1-Dichloroethane, naphthalene, and trichloroethene were detected above the RBSCs
among several of the piezometers.

e SVOCs were detected in piezometer overburden/shale groundwater samples at the
LBA. 2,4-DNT and 2,6-DNT were detected above the RBSCs in LBA-PZ03.

e Metals that exceeded both the RBSC and BSC included aluminum, arsenic, cobalt,
iron, and manganese in the unfiltered samples.

e Only arsenic exceeded both the RBSC and BSC in filtered samples.

Based on the presence of nitroaromatics, VOCs, SVOCs, and metals above RBSCs and/or BSCs
in the overburden/shale groundwater, former DOD operations have impacted the LBA
groundwater.

6.5 Monitoring Well Overburden/Shale Groundwater Sample Summary

Five groundwater samples (FD and FS samples included in total) were collected during the wet
season month of May 2009 and five groundwater samples were collected during the dry season
month of November 2009. Groundwater was analyzed for nitroaromatics, metals (filtered and
unfiltered), VOCs, SVOCs, and water quality parameters (alkalinity, chloride, cyanide, hardness,
nitrate/nitrite, sulfate, total dissolved solids, total suspended solids, turbidity, ORP, and ferrous
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iron). The major findings related to monitoring well location (upgradient, source area, and

downgradient) are summarized as follows:

Locomotive Shop:

Upgradient: Manganese was the only compound that exceeded the RBSC screening level
in upgradient monitoring well LBA-MWO1. It was detected in both the
filtered and unfiltered groundwater samples during both the wet (May) and
dry (November) season sampling events.

Source Area: Nitroaromatics were detected in the source area overburden/shale well LBA-
MWO02 during both the wet (May) and dry (November) season sampling
events. Nitroaromatic compounds above the RBSCs included 2,4-DNT, 2,6-
DNT, 2-NT, 3-NT, and 4-NT.

One VOC, trichloroethene, was detected above the RBSC during both the wet
and dry sampling events.

Nitroaromatics 2,4-DNT and 2,6-DNT, detected as SVOCs, were above
RBSCs during both the wet and dry season sampling events.

Only manganese was detected above the RBSC during the dry season
sampling event and it was in the unfiltered groundwater sample.

Downgradient: One VOC, carbon tetrachloride, was detected above the RBSC in
downgradient well LBA-MWO03 during the dry season sampling and one
VOC, 1,1-dichloroethane, was detected above the RBSC during both sampling
events.

Only manganese was detected above the RBSC during the dry season
sampling event and it was in both the unfiltered and filtered groundwater
sample. Aluminum was detected above the BSC in only the dry season
sampling.

e Based on the presence of nitroaromatics, VOCs, SVOCs, and metals above RBSCs
and/or BSCs in the overburden/shale groundwater, former DOD operations have

impacted the groundwater at the LS.

Rail Car Washing Area:

Upgradient: Aluminum was the only compound that exceeded screening levels in
upgradient monitoring well RCA-MWOL1. It was detected above the BSC in
only the unfiltered groundwater sample during the wet (May) season sampling
event.
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No groundwater sample was able to be collected from the upgradient well
(RCA-MWO1) during the dry sampling season due to insufficient
groundwater.

Source Area: Nitroaromatics were detected in the source area well RCA-MWO02 above the
RBSC. Nitroaromatics 2,4-DNT, 2,6-DNT, and 2-NT were detected during
the wet (May) season sampling event while 2-NT was the only nitroaromatic
detected above the RBSC during the dry season.

Four metals above the RBSC and two above the BSC were detected in the
unfiltered groundwater sample from well RCA-MWO02. Cobalt and manganese
were above the RBSC in the wet season and nickel was above the BSC.
Chromium, cobalt, iron, and manganese were above the RBSC during the dry
season and aluminum, iron, and nickel were above the BSC. Filtered metals
cobalt and manganese were above the RBSC during both sampling events
while only nickel was above the BSC during the wet sampling season. Iron
was the only metal to exceed both the RBSC and BSC and it was from the
filtered sample during the dry season.

Downgradient: One VOC, dibromochloromethane, was detected above the RBSC in
downgradient well RCA-MWO03 during the wet season sampling event.

Three metals above the RBSC and three above the BSC were detected in the
unfiltered groundwater sample from well RCA-MWO03 during the dry
sampling season. Chromium, cobalt and nickel were above the RBSC while
aluminum, iron, and nickel were above the BSC. '

« Based on the presence of nitroaromatics, VOCs, and metals above RBSCs and/or
BSCs in the overburden/shale groundwater, former DOD operations have impacted
the groundwater at the RCA.

6.6 Bedrock Groundwater Sample Summary

Three groundwater samples were collected during the wet season month of May 2009 and two
groundwater samples were collected during the dry season month of November 2009.
Groundwater samples were collected from wells IT-MNTA-BEDGW-001 (upgradient well),
LBA-BEDGW-002 (source area well), and RCA-BEDGW-002 (source area well) during the
month of May and IT-MNTA-BEDGW-001 and RCA-BEDGW-002 in the month of November.
No samples could be collected from bedrock well LBA-BEDGW-001, RCA-BEDGW-001, and
RCA-BEDGW-003 during either sampling event due to the wells being dry. Groundwater was
analyzed for nitroaromatics, metals (filtered and unfiltered), VOCs, SVOCs, and water quality
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parameters (alkalinity, chloride, cyanide, hardness, nitrate/nitrite, sulfate, total dissolved solids,
total suspended solids, turbidity, ferrous iron, and ORP). The major findings related to
monitoring well location (upgradient, source area, and downgradient) are summarized as
follows:

Locomotive Shop:

Upgradient: Six VOCs exceeded RBSCs and four exceeded BSCs during the wet and dry
season sampling events from upgradient bedrock well IT-MNTA-BEDGW-
001. Petroleum hydrocarbon related compounds ethylbenzene and total
xylenes were above RBSCs and BSCs during both sampling events, benzene
above the RBSC and BSC during the dry season sampling, and toluene was
above the BSC during both sampling events. Chloroform and methylene
chloride were above the RBSC during the wet season and 1,1,2,2-
tetrachloroethane was above the RBSC during the dry season.

Two hydrocarbon related SVOCs were detected above RBSCs during both
sampling events and included 2-methylnaphthalene and naphthalene.

Manganese was the only metal compound that exceeded RBSC screening
level in upgradient monitoring well MNTA-BEDGW-001. It was detected in
the unfiltered groundwater sample during the wet (May) season sampling
event. Magnesium and potassium (essential human macronutrients) were
detected above BSC screening levels during both sampling events.

Source Area: Six VOCs exceeded RBSCs and four exceeded BSCs during the wet season
sampling event from bedrock well LBA-BEDGW-002. Petroleum
hydrocarbon related compounds benzene, ethylbenzene, toluene, and total
xylenes were above RBSCs and BSCs. Chloroform and chloromethane were
also above the RBSC during the wet season.

Petroleum hydrocarbon related SVOCs, 2-methylnaphthalene and
naphthalene, were above RBSCs during the wet season sampling event and
are likely attributable to the naturally occurring hydrocarbons.

Seven metal compounds were detected above RBSCs and nine were detected
above BSCs during the wet season sampling event from source area well
LBA-BEDGW-001. Compounds above both the RBSC and BSC in both the
unfiltered and filtered sample included arsenic and manganese. Barium was
above the RBSC in both groundwater samples while only iron was above the
RBSC in only the unfiltered groundwater. Essential human macronutrients
calcium and magnesium exceeded BSCs in both the unfiltered and filtered
groundwater samples.
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No groundwater sample was able to be collected from the source area well
LBA-BEDGW-001 during the dry sampling season due to insufficient
groundwater.

No groundwater samples were able to be collected from the downgradient
bedrock well LBA-BEDGW-003 during either the wet or dry season due to
insufficient groundwater.

» Based on the detection of petroleum related VOCs and SVOCs above the RBSCs
and/or BSCs in the Delaware Limestone groundwater, already known to contain
natural petroleum hydrocarbon, and metals detected above RBSCs/BSCs, former
DOD operations are interpreted not to have impacted the groundwater at the LS.

Rail Car Washing Area:

Upgradient:

Source Area:

Downgradient:

No groundwater samples were able to be collected from the upgradient
bedrock well RCA-BEDGW-001 during either the wet or dry season due to
insufficient groundwater.

Four VOCs exceeded RBSCs and four exceeded BSCs in the source area well
RCA-BEDGW-002. Petroleum hydrocarbon related compounds benzene,
ethylbenzene, and total xylenes were above RBSCs and BSCs and toluene
exceeded only the BSC during both the wet and dry season sampling events.
VOC 1,1,2,2-tetrachloroethane was also above the RBSC during the wet
season.

Petroleum hydrocarbon related SVOC naphthalene was above RBSCs during
both season sampling events.

Four metal compounds were detected above RBSCs and six were detected
above BSCs during the wet and dry season sampling events from source area
well RCA-BEDGW-002. Arsenic was above both the RBSC and BSC in both
the unfiltered and filtered samples and manganese was above only the RBSC
in both samples during both sampling events. Essential human macronutrients
magnesium exceeded BSCs in both the unfiltered and filtered groundwater
samples during both events while calcium exceeded the BSC in the unfiltered
samples and the filtered sample only during the dry season sampling. Total
cyanide was also above the RBSC during the wet season (May) sampling.

No groundwater samples were able to be collected from the downgradient
bedrock well RCA-BEDGW-003 during either the wet or dry season due to
insufficient groundwater.
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o Based on the detection of petroleum related VOCs and SVOCs above the RBSCs
and/or BSCs in the Delaware Limestone groundwater, already known to contain
natural petroleum hydrocarbon, one VOC detected above the RBSC, and metals
detected above RBSCs/BSCs, former DOD operations are interpreted not to have
impacted the bedrock groundwater at the RCA.

KN10\PBOW\LBA\SCR\F\F-LBA SCR(0928).Docx\9/28/2010 4:12 PM 6-10



Locomotive Building Area
Site Characterization Report
Section: 7.0

Revision No.: 1

Date: September 2010

7.0 Recommendations

Based upon analytical results during this investigation, the following actions are recommended:

To obtain further groundwater flow information and more detailed coverage, selected
overburden/shale and bedrock monitoring wells at LBA should be included in
sitewide groundwater level measurement activities.

Further evaluation of nitroaromatics in soil, including that to be performed in the
BHHRA and SLERA, is warranted given the presence of 2,4-DNT, 2,6-DNT, 2-NT,
and 3-NT in the RCA (soil boring LBA-SB11) above RBSCs. Note that while
comparison of analytical results to RBSCs and BSCs values provides some context
for the levels of site contamination, final recommendation for further site activities is
also dependent on conclusions from the BHHRA and SLERA reports, which are
currently under preparation.

Further evaluation of nitroaromatics in the overburden/shale groundwater and VOCs,
including that to be performed in the BHHRA, may be warranted given the presence
of 2,4-DNT, 2,6-DNT, 2-NT, 3-NT, 1,1-dichloroethane, and trichloroethene above
RBSCs in overburden/shale groundwater. Note that while comparison of analytical
results to RBSCs and BSCs values provides some context for the levels of site
contamination, final recommendation for further site activities is also dependent on
conclusions from the BHHRA and SLERA reports, which are currently under
preparation.

Maintenance pit sample LBA-SB09 appeared to be petroleum stained and a
petroleum odor was noted during sample collection. LBA-SB09 was collected near
the location of SI maintenance pit sample DPO1 which was actually collected in a
sump within the maintenance pit. As with LBA-SB09 a heavy petroleum odor was
noted during sample collection and the sample was reported to appear oil-stained.
Further evaluation of the maintenance pit should be considered by the Project
Delivery Team.

Planned Activities

Completion of the BHHRA and SLERA reports (anticipated in 2010) may address
some of the items in the preceding recommendations.
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Table 1-1

Limited Sl (1999) - Summary of Organics in Surface and Subsurface Soil
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

LOCATION RCA MP LS
LOCATION CODE PBOW99-DP001 PBOW98-DP002 PBOW99-DP002 PBOW99-DP003 PBOWS9-LCA-DP001 PBOW99-SB001 PBOW99-SB001 PBOW99-SB001
SAMPLE NO| PBOW99-DP001-0004 | PBOW99-DP002-0002 | PBOW99-DP002-0004 | PBOW99-DP003-0004 |PBOWS9-DP001-0008 (B718)] PBOW93-SB001-001 PBOWS9-SB001-003 PBOW99-SB001-0005
SAMPLE DATE 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99 9-Jun-99 9-Jun-99 9-Jun-99
DEPTH 2-4Ft 0-2Ft 2-4Ft 2-4Ft 6-75Ft 0-_5Ft 1-3Ft 3-5Ft
SAMPLE PURPOSE REG REG REG REG REG REG REG REG

Parameter | Units PRG Resut | vaQ Resut | va Resut | vaQ Resut | vaQ Result vQ Resut | vaQ Resut | vaQ Resut | vaQ
PCBs

"Aroclor 1260[ mglkg [ 0.2 - I - - | - - [ - - I - 0.19 | - | - - | -
SEMIVOLATILES
Dibenzofurant  mglkg 210 - - 14 J - - - - - - - - - - - .
Dinitrotoluen§  mg/kg 110 0.43 4 1.1 - - - - - - - - - -
Methyinapht ~ mglkg NE - - 5.6 - - - - - - - - - - - -
Naphthalene mg/kg 55 - - 3.4 - - - - - - - - - - . -
Phenanthren mg/kg NE - - 1.5 - - - - - - - - - - - -

LS - Locomotive Shop.

MP - Maintenance Pit.

RCA - Rail Car Washing Area
PRG - Preliminary remediation goal. These values were included on tables in the Limited Site Inspection (LS!) Final Report of the Garage Maintenance Area:(USACE, 2000). They originated from the
U.S. Environmental Protection Agency (EPA) Region 9. These values were generally updated updated once annually, usually later in the year. The LS| does not indicate the year for these values,

and old PRG tables are not available online or from EPA Region 9. These PRGs were based on a noncancer hazard quotient (HQ) of 1 or an incremental lifetime cancer risk (ILCR) of 1E-6, assuming residential

use. For chemicals eliciting both cancer and noncancer effects, the lower of the two concentrations, based on either an HQ of 1 or an ILCR of 1E-6 was selected. These PRGs are no longer regarded as

current, but are shown to present the screening process used in the LSI.

J qualifier. Analyte present. Reported value may not be accurate or precise.

Note 1:

Concentration exceeds PRG.

Source: U.S. Army Corps of Engineers (USACE), 2000, Final Report, Limited Site Investigation for the former Plum Brook Ordnance Works, Waste Water Treatment Plants 1 and 3, Garage Maintenance Building (Locomotive Building Area), July.
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Table 1-2

Limited SI (1999) - Summary of Inorganics in Surface and Subsurface Soil
Locomotive Building Area Site Characterization Report .
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

LOCATION RCA
LOCATION CODE| PBOW99-DP001 PBOWS9-DP001 PBOWS9-DP002 PBOW99-DP002 PBOWS9-DP002
SAMPLE NO| PBOW99-DP001-0004] PEOW99-DP001-008AA| PBOW99-DP002-0002| PBOWSS-DP002-0004| PBOW9S-DP002-0006
SAMPLE DATE 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99
DEPTH 2-4Ft 6-7_5Ft 0-2Ft 2-4Ft 4-6Ft

SAMPLE PURPOSE REG REG REG REG REG
Parameter [ units [ Pre Result  |vQ Result | va Result  |vQ Result  |vQ Result | val
IMETALS
Aluminum makg | 75,000 10,100 [ 10800 | ] 6200 | | 8640 | | 17200 |
[Antimony mg/kg 5 - -
Arsenic mag/kg 0.38 - -

ma/kg 1,600 112

mag/kg 63 - -~ - - - - - - 0.66

mg/kg 8 - - - - - - - -

markg NE 2,850 4,180 3,420 1,930

markg 38 16 1.7 225 28.6

markg 3,300 10.3 - - 10.9 257

mgrkg 2,800 8.8 13 14 252

makg | 22,000 21,300 16,000 ‘

ma/kg 130 8.6 17.2

malka NE 1,520 1,110 1,460 4,310

marka 3,400 675 205 412 891

ma/kg 150 329 12.8 272 452

ma/kg NE 911 758 1,120 2,260
\Vanadium markg 520 31.2 22 49.9 33.7
Zinc makg | 12,000 82.8 382 99.6 97.8
GENERAL CHEMISTRY
pH pH_units NE 5.7 J 71 J
Total organic carbon ma/kg NE 8,100 17,000 7,400
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Table 1-2

Limited SI (1999) - Summary of Inorganics in Surface and Subsurface Soil
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)

LOCATION RCA MP LS
LOCATION CODE|  PBOW99-DP003 PBOWSS-DP003 PBOW99-DP004 |PBOWSY-LCA-DP001-0008 (B718]  PBOWSS-SB00A PBOW99-SB001 PBOW99-SB001
SAMPLE NO|PBOWS9-DP003-0004| PBOW9S-DP003-0006| PBOWS9-DP004-0006 PBOWS9-DP001-0008 PBOW99-SB001-0005| PBOW99-SB001-001 | PBOW99-SB001-003
SAMPLE DATE 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99 9-Jun-99 9-Jun-99 9-Jun-99
DEPTH 2-4Ft 4-6Ft 4-8Ft 6-7.5Ft 3-5Ft 0-_5Ft 1-3Ft

SAMPLE PURPOSE REG REG FD Reg REG REG REG
Parameter [ _units [ PrG Result __|vQ Resut  |vQ Result  |vQ Resuilt [va Resut __|vQ Result _ |vQ Result | va|
IMETALS
Aluminum maka | 75.000 | 9500 | 11,200 1,460 9590 | | 7,180 [ 1 8020 |
Antimony mg/kg -
Arsenic mag/kg 8
Barium mag/kg 167
Bervilium mag/kg - - - - - - - - - - - -
Cadmium mag/kg 8 0.46 0.52 6.7 - - - -
Calcium ma/kg NE 7,520 23,100 123,000 4,650 4,100
Chromium mg/kg 38 16.3 20.3 16.3 14.9
Cobalt ma/kg 3,300 15.7 - - - - - -
Copper ma/kg 2,800 10.6 7.8

makg | 22,000 15,200 11,900

ma/kg 130 13.6 225

ma/kg NE 2,540 1,770

ma/kg 3,100 963 1,380 538 384 224 146

ma/kg 150 34.8 523 47.6 17.9 16.4 10.7
Potassium ma/kg NE 892 2,080 2,140 - - 1,080 805
\Vanadium ma/kg 520 33.4 274 289 - - 276 203 243
Zinc ma/kg 12,000 97.7 705 85.6 50.7 273 45.9
GENERAL CHEMISTRY
pH pH _units NE 6.2 J 7.7
Total organic carbon ma/kg NE 15,000 13,000 7,400 9,600 7,500

PRG - Preliminary remediation goal. These values were included on tables in the Limited Site Inspection (LSI) Final Report of the

Garage Maintenance Area (USACE, 2000). They originated from the U.S. Environmental Protection Agency (EPA) Region 9.

These values were generally updated updated once annually, usually later in the year. The LSI does not indicate the year for these values,
and old PRG tables are not available online or from EPA Region 9. These PRGs were based on a noncancer hazard quotient (HQ) of 1

or an incremental lifetime cancer risk of 1E-6, assuming residential use. For chemicals eliciting both cancer and noncancer effects,

the lower of the two concentrations, based on either an HQ of 1 or an ILCR of 1E-6 was selected. These PRGs are no longer regarded as
current, but are shown to present the screening process used in the LS.

Source: U.S. Army Corps of Engineers (USACE), 2000, Final Report, Limited Site Investigation for the former Plum Brook Ordnance Works,
Waste Water Treatment Plants 1 and 3, Garage Maintenance Building (Locomotive Building Area), July.
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Table 1-3

Limited Sl (1999) - Summary of Surface Water Samples
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohjo

LOCATION CODE| PBOW99-SW001 PBOW99-SW002 PBOW99-SW003 PBOW99-SWA101
SAMPLE NO| PBOW99-SW001-0001 | PBOW99-SW002-0001 | PBOW99-SW003-0001 PBOW99SWA101
SAMPLE DATE 11-Jun-99 11-Jun-99 11-Jun-99 11-Jun-99
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG FD REG REG
Parameter | Units | PRG Result [ va Result | va Result [va Result fva
PESTICIDES/PCBs
|lAroclor 1260 [ ug/l | 0.034 - [ - I
METALS-UNFILTERED
Aluminum ug/L 37,000 403 954 - - 652
Antimony pg/L 15 - - - -
Arsenic pg/L 0.045 - - - -
Cadmium ug/L 18 - - 5 - - - -
Calcium pg/L NE 85,600 84,200 46,600 36,100
Chromium pg/L 180 9.5 24.9 - - - -
Copper Hg/L 1,400 - - -
Iron yg/L 11,000 1,390
[ILead ug/L 4 - -
(IMagnesium ug/L NE - 16,800
[IManganese ug/L 1,700 . 78.8
Potassium ug/L NE 7,340 6,540 J 17,400 - -
Sodium ug/L NE 9,190 11,500 J 7,780 26,900
Zinc pg/L | 11,000 96.6 391 - B - -

PRG - Preliminary remediation goal.

PBOW99SWA101 was not analytzed for pesticides or polychlorinated biphenyls.

ug/L - parts per billion.
Validation Qualifiers (VQ)

e is greater than PRG.

J - The analyte was postively identifed; the reported value is estimated.

PRG - Preliminary remediation goal. These values were included on tables in the Limited Site Inspection (LSI) Final Report of the Garage
Maintenance Area (USACE, 2000). They originated from the U.S. Environmental Protection Agency (EPA) Region 9. These values were generally
updated updated once annually, usually later in the year. The LS does not indicate the year for these values, and old PRG tables are not available

online or from EPA Region 9. These PRGs were based on a noncancer hazard quotient (HQ) of 1 or an incremental lifetime cancer risk (ILCR) of
1E-6, assuming tap water use. For chemicals eliciting both cancer and noncancer effects, the lower of the two concentrations, based on either an
HQ of 1 or an ILCR of 1E-6 was selected. These PRGs are no longer regarded as current, but are shown to present the screening process used in
the LSI.

Source: U.S. Army Corps of Engineers (USACE), 2000, Final Report, Limited Site Investigation for the former Plum Brook Ordnance Works, Waste
Water Treatment Plants 1 and 3, Garage Maintenance Building (Locomotive Building Area), July.
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Table 1-4

Limited Sl (1999) - Summary of Sediment Samples
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

LOCATION CODE PBOW99-SDA101
SAMPLE NO PBOW99SDA101
SAMPLE DATE 11-Jun-99
DEPTH 0-0Ft
SAMPLE PURPOSE REG

Parameter | Units | PRG Result [ vQ
METALS

Aluminum mg/kg | 75,000 11,400

Arsenic mg/kg 0.38

Barium mg/kg 5,200

Beryllium mg/kg 150

Calcium mg/kg NE J
Chromium mg/kg 210 J
Cobalt mg/kg 3,300 J
Copper mg/kg 2,800

Iron mg/kg | 22,000

|_ead mg/kg 400
{Magnesium mg/kg NE
lIManganese mg/kg | 3,100
I[Nickel mg/kg | 1,500

Potassium mg/kg NE

Vanadium mg/kg 520 J
Zinc mg/kg | 22,000 J

PRG - Preliminary remediation goal.

lished (PRGs).

haded cell indicates value is greater than PRG.
mg/kg per million.

Validation Qualifiers (VQ)

J - The analyte was postively identifed; the reported value is
estimated.

PRG - Preliminary remediation goal. These values were included
on tables in the Limited Site Inspection (LSI) Final Report of the
Garage Maintenance Area (USACE, 2000). They originated from
the U.S. Environmental Protection Agency (EPA) Region 9.
These values were generally updated updated once annually,
usually later in the year. The LSI does not indicate the year for
these values, and old PRG tables are not available online or from
EPA Region 9. These PRGs were based on a noncancer hazard
quotient (HQ) of 1 or an incremental lifetime cancer risk of 1E-6,
assuming tap water use. For chemicals eliciting both cancer and
noncancer effects, the lower of the two concentrations, based on
either an HQ of 1 or an ILCR of 1E-6 was selected. These PRGs
are no longer regarded as current, but are shown to present the
screening process used in the LSI.

Source: U.S. Army Corps of Engineers (USACE), 2000, Final Report,
Limited Site Investigation for the former Plum Brook Ordnance Works,
Waste Water Treatment Plants 1 and 3, Garage Maintenance
Building (Locomotive Building Area), July.
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Table 3-1

Summary of Direct-Push Soil and Temporary Piezometer Groundwater
Samples Collected
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Sample Sample Sample Sample Sample SDG
Type Location Number Date Purpose Number
[TEMPORARY PIEZOMETER
GW LBA-PZ05 LBA3006 01/28/2009 REG 0901043
GW LBA-PZ05 LBA3001 01/28/2009 FD 0901043
GW LBA-PZ05 LBA3002 01/28/2009 FS A9A290152
GW LBA-PZ02 LBA3003 01/29/2009 REG 0901043
GW LBA-PZ03 LBA3004 01/29/2009 REG 0901046
GW LBA-PZ04 LBA3005 01/30/2009 REG 0902003
GW LBA-PZ01 LBA3000 01/31/2009 REG 0902003
SOIL
SS LBA-SB02 LBA00O04 01/19/2009 REG 0901034
DS LBA-SB02 LBA0OO5 01/19/2009 REG 0901034
DS LBA-SB02 LBA0006 01/19/2009 REG 0901034
SS L BA-SB04 LBAQO12 01/19/2009 REG 0901034
DS LBA-SB04 LBA0O14 01/19/2009 REG 0901034
DS LBA-SB04 LBA0013 01/19/2009 REG 0901034
SS LBA-SB05 LBAQO15 01/19/2009 REG 0901034
SS LBA-SB10 LBAQ0026 01/19/2009 REG 0901027
SS LBA-SB10 LBA0027 01/19/2009 FD 0901027
SS LBA-SB10 LBA0028 01/19/2009 FS A9A220198
DS LBA-SB10 LBA0029 01/19/2009 REG 0901027
DS LBA-SB10 LBAQ030 01/19/2009 REG 0901027
SS LBA-SB11 LBA0031 01/19/2009 REG 0901027
DS LBA-SB11 LBADQ32 01/19/2009 REG 0901027
DS LBA-SB11 LBA0033 01/19/2009 REG 0901027
SS LBA-SB12 LBAQO34 01/19/2009 REG 0901027
DS LBA-SB12 LBA0035 01/19/2009 REG 0901027
DS LBA-SB12 LBA0036 01/19/2009 REG 0901027
SS LBA-SB01 LBAOQOO1 01/20/2009 REG 0901034
DS LBA-SB0O1 LBA0002 01/20/2009 REG 0901034
DS LBA-SB01 LBA0003 01/20/2009 REG 0901034
SS LBA-SB03 LBAO00O7 01/20/2009 REG 0901034
SS LBA-SB03 LBAQ0O8 01/20/2009 FD 0901034
SS LBA-SB03 LBA0009 01/20/2009 FS A9A220198
DS LBA-SB03 LBA0010 01/20/2009 REG 0901034
DS LBA-SB03 LBA0O11 01/20/2009 REG 0901034
DS LBA-SB05 LBA0O16 01/20/2009 REG 0901034
DS LBA-SB05 LBA0017 01/20/2009 REG 0901034
SS LBA-SB06 LBA0018 01/20/2009 REG 0901034
DS LBA-SB06 LBA0O19 01/20/2009 REG 0901034
DS LBA-SB06 LBA0020 01/20/2009 REG 0901034
DS LBA-SB06 LBA0021 01/20/2009 FD 0901034
DS LBA-SB06 LBA0022 01/20/2009 FS A9A220198
DS LBA-SB07 LBA0023 01/20/2009 REG 0901034
DS LBA-SB08 LBA0024 01/20/2009 REG 0901034
DS LBA-SB09 LBA0025 01/20/2009 REG 0901034
Notes:

SDG - Sample Delivery Group.
GW - Groundwater.

SS - Surface Sail.

DS - Deep Soil (subsurface).
REG - Regular Sample.

FD - Field Duplicate.

FS - Field Split.
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Table 3-2

Monitoring Well Construction Details
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Coordinates (Ohio Plane) Well Casing Borehole Screen Geologic Top of TOC Ground Bedrock Well Bottom
Well ID Northings Eastings Depth Date Installed Casing Diameter Diameter Interval Unit Filter Pack Elevation Elevation Elevation Elevation
) x) (feet bgs) Installed By Type (inches) (inches) (feet bgs) Screened (feet bgs) (feet msl) | (feet msl) | (feet msl) (feet msl)
Monitoring Wells Screened in Overburden/Shale

LBA-MWO01 623937.120 1918462.090 16.35 3/31/2009 Shaw PVC (40) 2 8 6.0-16.0 Overburden 5.0 639.86 637.20 NA 620.85

LBA-MWO02 623827.440 1918628.330 16.35 3/31/2009 Shaw PVC (40) 2 8 6.0-16.0 Overburden 4.5 639.25 635.90 NA 619.55

LBA-MWO03 623788.630 1918684.590 16.35 3/31/2009 Shaw PVC (40) 2 8 6.0-16.0 Overburden 5.0 638.18 635.50 NA 619.15

RCA-MWO01 623724.690 1919029.450 9.35 3/26/2009 Shaw PVC (40) 2 8 4.0-9.0 Overburden 35 641.01 638.40 NA 629.05

RCA-MW02 623826.400 1918834.020 28.05 3/19/2009 Shaw PVC (40) 2 8 17.7-27.7 Overburden 14.5 638.15 635.30 609.30 607.25

RCA-MWO03 623865.520 1918827.900 28.65 3/18/2009 Shaw PVC (40) 2 8 18.3-28.3 Overburden 16.0 638.16 635.30 608.40 606.65

Monitoring Wells Screened in Delaware Limestone

Steel to 39.7', PVC (40) to 12" to 24.0', 8" to 39.8',

LBA-BEDGW-001 623937.80 1918452.89 100.35 3/31/2009 Shaw 100.35' 2 6" to 101.0' 85.0-100.0 | Delaware LM 81.0 639.74 637.30 612.30 536.95
Steel to 37.0', PVC (40) to 12" to 27.0', 8" to 37.1',

LBA-BEDGW-002 623827.05 1918614.64 70.35 3/29/2009 Shaw 70.35' 2 6"to 71.1' 55.0-70.0 Delaware LM 51.0 638.62 636.30 609.30 565.95

MNTA-BEDGW-001 623808.00 1918699.00 64.00 9/22/1997 IT Steel to 31', PVC (40) to 64' | 10"to 31, 2"to 64' | 14.25"to 31', 6"to 65' | 48.75-63.75 | Delaware LM 44 638.40 636.05 611.25 572.05
Steel to 41.6', PVC (40) to 12"to0 24.5', 8" to 41.5/,

RCA-BEDGW-001 623709.77 1919022.35 80.35 3/26/2009 Shaw 80.35' 2 6"to 81.5' 65.0-80.0 Delaware LM 61.7 641.02 638.50 615.30 558.15
Steel to 37.3", PVC (40) to 12"to 24.5', 8" to 37.5/,

RCA-BEDGW-002 623832.46 1918842.57 65.35 3/27/2009 Shaw 65.35' 2 6" to 66.0' 50.0-65.0 Delaware LM 48.0 638.03 635.50 609.50 570.15
Steel to 35.5', PVC (40) to 12" to 20', 8" to 35.6', 6"

RCA-BEDGW-003 623916.92 1918767.69 104.35 3/28/2009 Shaw 104.35' 2 to 105.8' 89.0-104.0 | Delaware LM 86.0 637.00 634.30 609.50 529.95

Coordinates scaled to the Ohio State Plane coordinate system, North Zone, NAD 1983. Vertical datum is North American Vertical Datum 1929.
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Table 3-3

Summary of Monitoring Well Groundwater Samples Collected
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Sample Sample Sample Sample Sample SDG
Type Location Number Date Purpose Number
May 2009
GW LBA-MW03 LB3071 05/10/2009 REG F65207
GW RCA-MW02 RC3075 05/11/2009 REG F65210
GW RCA-MWO03 RC3076 05/11/2009 REG F65210
GW RCA-BEDGW-002 RC3078 05/11/2009 REG F65210
GW LBA-MWO01 LB3067 05/12/2009 REG F65220
GW RCA-MWO01 RC3074 05/12/2009 REG F65220
GW LBA-BEDGW-002 LB3073 05/12/2009 REG F65220
GW LBA-MW02 LB3068 05/19/2009 REG F65372
GW LBA-MW(02 LB3069 05/19/2009 FD F65372
GW LBA-MWO02 LB3070 05/19/2009 FS A9E200268
GW IT-MNTA-BEDGW-001 LB3074 05/19/2009 REG F65372
November 2009
GW LBA-MW03 1.B3080 11/03/2009 REG F69251
GW RCA-MW02 RC3081 11/03/2009 REG F69251
GW LBA-MWO01 LB3075 11/04/2009 REG F69251
GW RCA-MWQ03 RC3082 11/04/2009 REG F69251
GW LBA-MW02 LB3076 11/05/2009 REG F69338
GW LBA-MW02 LB3077 11/05/2009 FD F69338
GW LBA-MW02 LB3079 11/05/2009 FS A9K070415
GW RCA-BEDGW-002 RC3084 11/05/2009 REG F69338
GW IT-MNTA-BEDGW-001 | BEDGW-001-1109 11/06/2009 REG F69338
Notes:

SDG - Sample Delivery Group.
GW - Groundwater.

REG - Regular Sample.

FD - Field Duplicate.

FS - Field Split.
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Table 3-4

Final Field Measurements of Temporary Piezometer and
Monitoring Well Groundwater and Surface Water
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Identification Date Low-Flow| Dissolved | Ferrous Oxidation Electrical |Temperature| Turbidity | Amount
Sampled| Oxygen Iron Reduction Potential pH Conductivity Purged
(ppm) (mg/L) (mV) {mS/cm) (°C) (NTU) (L)

Temporary Piezometer

LBA-PZ01 31-JAN-09 Yes 1.97 NM® 10.6 6.80 0.942 5.16 18.1 8.6
lLBA-PZO02 29-JAN-09 Yes 2.78 NM? -26.4 7.57 0.554 3.70 1210.8 5
lLeA-PZ03 29-JAN-09 Yes 0.66 0.0 4.9 6.94 0.486 4.76 25.2 12
(lLBA-PZO4 30-JAN-09 Yes 0.51 NM® 17.9 6.99 0.569 5.42 1222.5 3
lLBA-PZ05 28-JAN-09 Yes 5.25 1.0 -26.1 7.82 0.563 8.72 467.4 3
{[overburden/Shale Monitoring Wells
lLBA-MWO1 12-MAY-09 No 7.67 0.0 681.6 6.44 1.293 11.91 0.0 40.4
lLBA-MwWo2 19-MAY-09 Yes 5.42 0.0 -503.1 6.73 0.721 12.18 0.0 5
lLBA-MWO3 10-MAY-09 Yes 11.88 0.0 -1061.7° 6.92 0.660 12.56 0.0 2.9
[[RcA-Mwo1 12-MAY-09 No 7.71 0.0 122.5 6.71 0.890 9.96 1.0 16
([Rca-mwoz 11-MAY-09 No 17.05° 0.0 -37.7 7.07 1.513 13.59 3.7 32
([Rca-Mw03 11-MAY-09 No 13.89° 0.0 86.4 7.29 0.635 11.89 1.9 33
lLBA-MWO1 04-NOV-09 No 6.24 0.0 -16.5 7.15 0.797 10.06 1.9 19
lLBA-MwO2 05-NOV-09 Yes 2.39 0.0 2.2 6.93 0.69 10.41 0.0 3
llLBA-MWO3 03-NOV-09 Yes 2.52 0.0 -14.3 7.17 0.822 11.02 0.0° 2
[IRcA-MwO2 02-NOV-09 No 1.50 0.0 -34.4 7.59 1.31 10.38 10.2 30
[lRcA-MWO03 04-NOV-09 No 4.96 0.0 -49.7 7.77 0.723 8.13 76.5 30.5
”Delaware Limestone Monitoring Wells
lLBA-BEDGW-002 12-MAY-09 No 8.12 0.0 -187.6 6.55 6.190 15.25 20.8 21
[IT-MNTA-BEDGW-001] _19-MAY-09 No 0.28 0.0 -200.8 6.44 10.53 1547 215 55.4
|IRCA-BEDGW-002 11-MAY-09 No 4.91 0.0 -283.9 6.21 7.074 12.21 6.9 46.5
[liT-MNTA-BEDGW-001| 06-NOV-09 No 3.85 0.0 -19.0 6.89 9.365 9.53 13.6 8
[[RcA-BEDGW-002 05-NOV-09 No 10.44 0.0 2.3 6.58 8.035 0.94 2.7 34
||Surface Water
lLBA-SWO1 20-MAY-09 NA 9.05 NM 83.1 7.24 1.083 14.09 5.1 NA
lLBA-SWO2 21-MAY-09 NA 5.35 NM 156.3 6.98 1.157 12.65 33 NA
(lLBA-SWO3 21-MAY-09 NA 7.49 NM 29.4 6.99 1.167 17.13 12.7 NA
lLBA-sWO04 21-MAY-09 NA 8.02 NM 24.1 7.06 1.120 17.59 36.0 NA
(lLBA-SWO5 22-MAY-09 NA 5.80 NM 158.0 6.71 1,098 13.52 0.8 NA
lLBA-SW06 22-MAY-09 NA 6.19 NM 103.2 6.81 0.868 14.02 2947 | NA
lLBA-sWo7 22-MAY-09 NA 4.16 NM 342 6.79 0.949 11.52 0.0 NA

Notes:

Water quality measurements recorded by YSI water quality instrument immediately prior to the sample collection time.
Water unable to be collected from any temporary piezometers at the Rail Car Wash Area.
NM - Not measured.
NM? - Water too turbid to read ferrous iron field test.

°C - Degree Celsius.

Eh - Oxidation-reduction potential.

L - Liters.

mS/cm - Millisiemens per centimeter.

mV - Millivoits.
NA - Not Applicable.
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ppm - Parts per million.
mg/L - Milligrams per liter (ppm).
NTU - Nephelometric turbidity unit.

Ferrous iron measured in field using Hach test kit.

bRealding suspect.
°Original turbidity measurement was in negative value, but due to the presence of very clear water,
reading was assumed to be 0.0 NTU.




Table 3-5

Summary of Surface Water and Sediment Samples Collected

Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Sample Sample Sample Sample Sample SDG
Type Location Number Date Purpose Number
SD LBA-SDO01 LBA1000 05/20/2009 REG F65383
SD LBA-SD02 LBA1001 05/21/2009 REG F65408
SD LBA-SD03 LBA1002 05/21/2009 REG F65408
SD LBA-SD04 LBA1003 05/21/2009 REG F65408
SD LBA-SD05 LBA1004 05/22/2009 REG F65444
SD LBA-SD06 LBA1005 05/22/2009 REG F65444
SD LBA-SD06 LBA1006 05/22/2009 FD F65444
SD LBA-SD06 LBA1007 05/22/2009 FS A9E280112
SW LBA-SWO01 LBA2000 05/20/2009 REG F65383
SW LBA-SW02 LBA2001 05/21/2009 REG F65407
SW LBA-SW03 LBA2002 05/21/2009 REG F65407
SW LBA-SW03 LBA2003 05/21/2009 FD F65407
SW LBA-SW03 LBA2004 05/21/2009 FS A9E220318
SW LBA-SW04 LLBA2005 05/21/2009 REG F65407
SW LBA-SW05 LBA2006 05/22/2009 REG F65442
SW LBA-SW06 LBA2007 05/22/2009 REG F65442
SW LBA-SWO07 LBA2008 05/22/2009 REG F65442
Notes:

SDG - Sample Delivery Group.

SD - Sediment.

SW - Surface Water.
REG - Regular Sample.
FD - Field Duplicate.
FS - Field Split.
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Table 4-1

Summary of Analytical Parameters and Methods for Soil, Groundwater,
Surface Water, and Sediment Samples
Locomotive Building Area Site Characterization Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

Sample Analytical Analytical
Matrix Parameters Method
Soil Nitroaromatic Compounds SW-846 3535/8330A
TAL Metals (T) SW-846 3050B/6010B/6020A/7471B
PCBs SW-846 8082
TCL Volatile Organic Compounds SW-846 5035/8260B
TCL Semivolatile Organic Compounds SW-846 3540C/8270C
Percent Solids EPA 160.3
Total Organic Carbon SW-846 9060
Groundwater Nitroaromatic Compounds SW-846 3535/8330A
TAL Metals (T/D) SW-846 3050B/6010B/6020A/7470A
TCL Volatile Organic Compounds SW-846 5030B/8260B
TCL Semivolatile Organic Compounds SW-846 3510C/8270C
Alkalinity EPA 310.1/SM19 2320B
Chloride EPA 300.0/SW9056
Cyanide, total SW-846 9012A/EPA 335.2/EPA 335.4
Hardness EPA 130.2/SM19 2340B
Nitrate/Nitrite EPA 353.2/SM-4500-NO3 E
Nitrate EPA 300.0
Sulfate EPA 300.0/SW-846 9056
Total Dissolved Solids EPA 160.1/SM19 2540C
Total Suspended Solids EPA 160.2/SM19 2540D
Turbidity EPA 180.1
Surface Water Nitroaromatic Compounds SW-846 3535/8330A
TAL Metals (T/D) SW-846 3050B/6010B/6020A/7471B
PCBs SW-846 8082
TCL Volatile Organic Compounds SW-846 5035/8260B
TCL Semivolatile Organic Compounds SW-846 3540C/8270C
Hardness SM19 2340B
Sediment Nitroaromatic Compounds SW-846 3535/8330A
TAL Metals (T) SW-846 3005A/6010B/6020A/7470A
PCBs SW-846 8082
TCL Volatile Organic Compounds SW-846 5030B/8260B
TCL Semivolatile Organic Compounds SW-846 3540C/8270C
Percent Solids EPA 160.3/SM19 2540B M
Total Organic Carbon Walkley-Black

PCB - Polychlorinated biphenyl.

TAL - Target analyte list.

TCL - Target compound list.

Metals (T) - Total metals.

Metals (T/D) - Total and dissolved metals reported.
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Table 4-2

Background Screening Concentrations
for Inorganics and BTEX Compounds in Groundwater
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Range of Values, ug/L

Detection  Percent Detected Concentrations Reporting Limits Mean Standard UTL?® BSC®

Chemical Frequency hits Minimum Maximum Minimum Maximum ug/L Deviation ug/L ug/L
Metals - Unfiltered
Aluminum 11 /13 85 3.15E+01  3.09E+02 2.00E+02 2.00E+02 1.05E+02 6.98E+01 4.17E+02 309
Arsenic 4] 26 15 3.30E+00 7.40E+00 1.00E+01 1.00E+01 4.99E+00 6.56E-01 7.92E+00 7.4
Barium 28 / 28 100 2.58E+01 1.18E+04 2.00E+02 2.00E+03 1.73E+03 3.77E+03 1.86E+04 11800
Calcium 28 / 28 100 1.74E+04 3.16E+05 5.00E+03 5.00E+03 1.38E+05 8.31E+04 5.09E+05 316000
Cobalt 6 /27 22 1.00E+00 1.21E+01 5.00E+01 5.00E+01 2.05E+01 8.75E+00 5.96E+01 121
Copper 2 /28 7 3.30E+00  1.98E+01 2.50E+01 2.50E+01 1.24E+01 2.26E+00 2.25E+01 19.8
Iron 24 | 27 89 3.82E+01  1.55E+03 1.00E+02 1.00E+02 4.15E+02 4.87E+02 2.59E+03 1550
Magnesium 28 / 28 100 7.28E+03 2.17E+05 5.00E+03 5.00E+03 7.17E+04 5.85E+04 3.33E+05 217000
Manganese 28 / 28 100 3.60E+00 6.88E+02 1.50E+01 1.50E+01 8.12E+01 1.24E+02 6.36E+02 636
Nickel 4 /27 15 4.80E+00 8.60E+00 4.00E+01 4.00E+01 1.81E+01 4.67E+00 3.90E+01 8.6
Potassium 28 / 28 100 2.53E+03 1.16E+05 5.00E+03 5.00E+04 2.70E+04 3.06E+04 1.64E+05 116000
Sodium 28 /28 100 1.33E+04  1.39E+06 5.00E+03 5.00E+04 3.55E+05 4.36E+05 2.30E+06 1390000
Zinc 14 1 19. 74 8.30E-01  5.07E+02 2.00E+01 2.00E+01 5.55E+01 1.23E+02 6.06E+02 507
Volatile Organic Compounds
Benzene 9 /28 32 1.45E-01  2.40E+00 1.00E+00 5.00E+00 6.73E-01 5.43E-01 3.10E+00 2.4
Ethylbenzene 6 /28 21 1.30E-01 8.70E-01 1.00E+00 5.00E+00 5.82E-01 4.00E-01 2.37E+00 0.87
Toluene 8 /28 29 1.20E-01 1.70E+00 1.00E+00 5.00E+00 4.99E-01 2.83E-01 1.76E+00 1.7
Xylenes, total 8 /28 29 3.60E-01 5.50E+00 1.00E+00 5.00E+00 1.22E+00 1.53E+00 8.07E+00 55

# The UTL (upper tolerance limit) is calculated using the Chebychev equation (mean + 4.47 * standard deviation).

® The BSC (background screening criterion) is the calculated UTL or the maximum detected concentration, whichever is less.

pg/L - Micrograms per liter.
mg/L - Milligrams per liter.

BTEX - Benzene, toluene, ethylbenzene, and xylenes.

Source: Shaw Environmental, inc., 2005, 2004 Data Summary and Evaluation Report, Final, Plum Brook Ordnance Works, Sandusky, Ohio, April.
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Table 4-3

Background Concentrations of Metals in Soil®
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Frequency Range of Range of Background
of Detected Reporting Statistical Arithmetic 95% Screening
Chemical Name (mg/kg) Detection Concentrations Limits Distribution Mean UTL® Criterion °
Aluminum 12/ 12 3520 - 15500 NA L 8.43E+03 2.69E+04 1.55E+04
Antimony 9/ 25 59 -93 54 - 74 NP 4.68E+00 NA 9.30E+00
Arsenic 23/ 26 21 - 36.5 1.2 - 3.7 L 1.08E+01 7.10E+01 3.65E+01
Barium 9/ 12 35.6 - 826 23.2 - 24.7 L 1.16E+02 1.30E+03 8.26E+02
Beryllium 6/ 25 0.57 - 1 0.57 - 1.2 L 5.65E-01 1.17E+00 1.00E+00
Cadmium 0/ 25 NA 057 1.2 L 4.49E-01 NA NA
Calcium 12/ 12 735 - 52300 NA L 1.13E+04 2.18E+05 5.23E+04
Chromium 25/ 26 44 - 29 12.3 - 123 NP 1.34E+01 NA 2.90E+01
Cobalt 9/ 12 9.6 - 116 58 - 6.2 L 2.26E+01 2.48E+02 1.16E+02
Copper 23/ 26 23 - 56.2 22 -29 L 1.70E+01 1.47E+02 5.62E+01
Iron 127 12 5880 - 234000 NA L 4.01E+04 3.58E+05 2.34E+05
Lead 26/ 26 1.9 - 48.6 NA L 1.28E+01 5.13E+01 4.86E+01
Magnesium 12/ 12 629 - 10400 NA L 3.26E+03 3.08E+04 1.04E+04
Manganese 26/ 26 21 - 13300 NA L 7.29E+02 3.51E+03 3.51E+03
Mercury 2/ 26 0.085 - 0.085 0.037 - 0.3 L 9.06E-02 5.60E-01 8.50E-02
Nickel 26/ 26 5.4 - 55.1 NA L 2.28E+01 7.79E+01 5.51E+01
Potassium 11/ 12 579 - 3390 617 - 617 L 1.24E+03 6.08E+03 3.39E+03
Selenium 5/ 25 0.61 -2 0.57 - 4.9 NP 1.55E+00 NA 2.00E+00
Silver 2/ 26 1.1 - 111 1.1 -13 NP 1.00E+00 NA 1.11E+01
Sodium 0/ 12 NA 566 - 663 L 3.03E+02 NA NA
Thallium 2/ 25 12 -13 1.1 - 6.1 NP 1.91E+00 NA 1.30E+00
Vanadium 11/ 12 9 - 409 61.7 - 61.7 L 2.48E+01 8.31E+01 4.09E+01
Zinc 26/ 26 6.6 - 655 NA L 7.30E+01 3.22E+02 3.22E+02

mg/kg - Milligrams per kilogram.
NA - Not applicable; not available.
 Data used to determine soil background are based on sampling from IT, 1998, Site Investigation of Acid Areas, Plum Brook Ordnance Works,

Sandusky, Ohio.

® 95% UTL = 95% upper tolerance limit calculated as described in Section 2.1.4 and rounded to 3 significant figures.
¢ The maximum detected concentration is used as the background screening criterion for nonparametric data sets; for normal or lognormal-data sets, the

95% UTL or the maximum detected concentration, whichever is less, is used.
Note: Detection limits from sample 6990 were deleted when calculating results for antimony, beryllium, cadmium, selenium
and thallium. The detection limits were elevated by dilution factors which greatly exceed any detected concentration and would bias results unrealistically high.
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Table 5-1

Observances of Hydrocarbons in Bedrock During Borehole Coring at PBOW (1941-2009)
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 5)

Depth to Depth
Borehole Depth to Bedrock Depth to Delaware Drilled Hydrocarbon/H,S Odor Hydrocarbon Stained
Identification Date Drilled Location Bedrock (ft)] (refusal - ft) Limestone® (ft) (ft) Detected” (ft) Core° (ft) Comments
Behind Water
TPCB-1 (Boring) 6/9/1941 Clarification Bldg 3 Unknown 85 336.8 Gas 58-60;0il intermittently Unknown
416
8/24/01- Downgradient
BED-MW22 (Well) Boundary, North of 19.5 19.5 19.5 43 20-24.5 40-43
9/10/01
Reactor Area
South of Reactor
BED-Mw23 (Well) | 2501 | Area and Pentolite | 26.3 26.3 26.3 74 30-74 33.74 Hydrocarbon observed
9/6/01 Road seepng from rock core.
Hydrocarbon observed
8/26/01- West of West Red seepng from rock core.
BED-MW24 (Well) 9/13/01 Water Ponds, 17.3 17.3 17.3 41.5 26.5-40.0 31.5-41.5 Gas discharge (gurgling)
Downgradient heard during water
recharge.
Downgradient Hydrocarbon observed
seepng from rock core.
BED-Mw27 (Well) | 8/28/01- | Boundary, East- | 44 4 18.8 20 105 95105 41-105 Well abandoned due to
(Abandoned) 9/8/01 Northeast of ! )
Reactor Area excessive (nuisance)
hydrogen sulfide odors.
TNT Area A. Near A thickness of approx.
. ’ 3.5 feet free-phase
TNTA-BEDGW-001 9/24/01- Maintenance and 85 25 51 86 None 68-85 hydrocarbon was
(Well) 9/13/01 Short Cut Rd, At tered pri
Former Bldg 146 encountered prior to
sampling (10/9/01).
Near Bouy Road
and Patten Tract . .
BED-MW30 (Well) | /15704 Intersection, 24 24 2 58.3 31-58.3 34.5-85.7: 38.8-30.1;
3/19/04 . 39.5-49.5;
Outside (west)
PBOW Boundaries
At former RR bed,
West of Schenk
. 3/16/04- . 20-30; 31.1; 40.1-21;
BED-MW31 (Boring) 3/20/04 Rd, Outside 13 14.5 13.8 90.2 17.5-90.2 87.1-90.2

(downgradient) of
PBOW Boundaries
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Table 5-1

Observances of Hydrocarbons in Bedrock During Borehole Coring at PBOW (1941-2009)
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 5)
Depth to Depth
Borehole Depth to Bedrock Depth to Delaware | prilled | Hydrocarbon/H,$ Odor | Hydrocarbon Stained
Identification Date Drilled Location Bedrock (ft)| (refusal - ft) Limestone® (ft) (ft) Detected” (ft) Core”® (ft) Comments
East of Columbus
Rd, Between east
3/29/04- and west bound
BED-MW32 (Boring) lanes of Route 2; 17.5 17.5 17.5 90.1 17.5-55.1 29-29.5; 30-40;
4/1/04 )
Outside
(downgradient) of
PBOW Boundaries
Columbus Park,
3/30/04- Northeast of
BED-MW33 (Well) facility; Outside 15 15 15 89.5 20-39.5 38-39.5; 85.3-89
4/2/04 X
(downgradeint) of
PBOW Boundaries
NASA's Old Core section very
Sewage Water heavily stained. Heard
"burping"” in borehole|
A 3/17/04- | Treatment Plant gas "ourp
BED-MW34 (Boring) 3/22/04 Area: Outside 19 20 355 90.1 20-90.1 41.5-90.1 66.1-71.1'. Free-phase
(downgradient) of hydrocarbon on water
main PBOW facility (0.3 to 0.8), prior to
abandonment.
TNTA Sewer line .
1SLA-BEDGW-001 | 2/20/09- | area, north of 17.9 242 402 58.2 None 52.8- 58.2 detocted 0 08 product
3/6/09 Maintenance Rd. : : : . S on water. P
and Short Cut Rd. :
" After setting well, strong
2/26/00 - Tg:—e/; S::_g g?e hydrocarbon/H2S odors
1SLA-BEDGW-002 3/4/09 Mainténance Rd. 1.2 39 43.8 752 50-65 None - detected in vicinity of

and Short Cut Rd.

well until water level
becoame static.
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Table 5-1

Observances of Hydrocarbons in Bedrock During Borehole Coring at PBOW (1941-2009)
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 5)
Depth to Depth
Borehole Depth to Bedrock Depth to Delaware Drilled Hydrocarbon/H,S Odor Hydrocarbon Stained
ldentification Date Drilled Location Bedrock (ft)| (refusal - ft) Limestone® (ft) (ft) Detected” (ft) Core® (ft) Comments
AP1 area south of
3/13/09 - Maintenance Rd., 11-6-09 - Well gauging
AP1-BEDGW-001 in grass north of 25.5 44.8 44.6 81.3 57.5-81.3 57.5-66.0 detected 0.9' product on
3/18/09 ;
white block water.
building.
AP1 area
3/15/09 - immediately south Well emits H2S when
AP1-BEDGW-002 3/29/09 of Maintenance Rd. 21.4 40 39.5 61.3 None Al cap is removed.
in grass.
4/2/09 - AP2 west of 47.1 seeping from coral,
AP2-BEDGW-002 417109 Campbell Rd. 1538 211 15.8 86.1 None 69.5 seeping from rock
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Hydrocarbon Stained

Hydrocarbon/H,S Odor

Depth
Drilled

Table 5-1
(Page 4 of 5)
Depth to Delaware

Depth to
Bedrock
(refusal - ft)

Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Depth to

Observances of Hydrocarbons in Bedrock During Borehole Coring at PBOW (1941-2009)
Bedrock (ft)

Borehole
Identification

Comments

Core® (ft)

49.9 - 55.8

e

Detected® (ft)

None

(ft)

61.5

Limestone® (ft)

38.5

37.95

21.2

Location

13 PM

WTP1 north of the
intersection of
Maintenance Rd
and Taylor Rd.

Date Drilled

3/3/09 -
3/14/09
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Table 5-1

Observances of Hydrocarbons in Bedrock During Borehole Coring at PBOW (1941-2009)
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 5)
Depth to Depth
Borehole Depth to Bedrock Depth to Delaware Drilled Hydrocarbon/H,S Odor Hydrocarbon Stained
Identification Date Drilled Location Bedrock (ft)| (refusal - ft) Limestone® (ft) (ft) Detected” (ft) Core® (ft) Comments

3/27/09 - |WTP3 on east side Well emits H2S when

WTP3-BEDGW-001 4/1/09 of gravel drive. 24 33 30 53.1 None 40.4-53.1 cap is removed.
3/28/09 - WTP3 in berm Well emits H2S when

WTP3-BEDGW-002 4/14/09 north of building 25 33 30 53.4 None 43.4-47.8 cap is removed.
3/29/09 - WTP3 west of

WTP3-BEDGW-003 4/14/09 creek. 25.8 33.3 30 529 None 40.2-52.9

Notes

? Limestone unit interpretations from Regional Geologic Map, 2004 Groundwater Data Summary and Evaluation Report (Shaw, 2005).

b A hydrocarbon odor was detected by the olfactory senses. PID readings in

the breathing air remained below action levels.
° Hydrocarbon staining on the rock core is also seen in photographs (Appendix C).
A hydrocarbon thickness of 0.05 feet was measured in well BED-MW16 on 10/3/01.
A hydrocarbon thickness of 0.63 feet was measured in well AA1-BEDGW-001 on 10/4/01.

ft - Feet.

NASA - National Aeronautics and Space Administration.

PBOW - Plum Brook Ordnance Works.

TNT - Trinitrotoluene.
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" ldentifies borehole/monitoring well of the Locomotive Building Area.




Table 5-2

Summary of Water Level Measurements
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Top of Groundwater Elevation Measurements
Coordinates (Ohio Plane)® Casing Ground (feet above mean sea level [msl])
Well Northing Easting Elevation® Elevation® 26-May-09 27-Oct-09
Identification (y) (x) (ft msl) (ft msl) DTW | Elevation DTW | Elevation
Tempoary Piezometer
PZ-01 623,907.99 1,918,641.61 637.93 636.30 6.54 631.39 ‘Abandoned -
pPZ-02 623,862.16 1,918,467.96 640.67 637.00 8.11 632.56 “Abandoned -
SB02/PZ-03 623,848.15 1,918,624.77 639.46 636.10 8.00 631.46 °Abandoned --
SB03/PZ-04 623,794.37 1,918,550.21 637.50 635.60 6.06 631.44 ‘Abandoned -
SB01/PZ-05 623,880.78 1,918,509.04 640.20 637.30 7.50 632.70 °Abandoned -
PZ-07/SB06 623,882.09 1,918,943.02 638.10 635.40 6.68 631.42 °Abandoned -
(Pz-08 623,757.23 1,918,888.90 641.18 638.10 9.14 632.04 | “Abandoned —
“PZ—OQ 623,812.43 1,918,868.73 639.85 636.50 riser pulled - “Abandoned --
PZ-10 623,890.97 1,918,863.20 636.24 634.40 6.68 629.56 “Abandoned -
SGO5° 623,781.72 1,918,728.51 630.65 626.30 2.88 627.77 2.96 627.69
Overburden/Shale Monitoring Well
RCA-MWO01 623,724.69 1,919,029.45 641.01 638.40 7.80 633.21 11.02 629.99
RCA-MW02 623,826.40 1,918,834.02 638.15 635.30 8.12 630.03 13.90 624.25
RCA-MWQ03 623,865.52 1,918,827.90 638.16 635.30 9.30 628.86 13.60 624.56
LBA-MWO01 623,937.12 1,918,462.09 639.86 637.20 7.20 632.66 10.28 629.58
LBA-MW02 623,827.44 1,918,628.33 639.25 635.90 8.06 631.19 8.40 630.85
LBA-MW03 623,788.63 1,918,684.59 638.18 635.50 8.84 629.34 9.84 628.34
|[Delaware Limestone Monitoring Well
“lT~MNTA-BEDGW-OO1 623,808.00 1,918,699.00 638.40 636.05 38.69 599.71 39.23 599.17
L BA-BEDGW-001 623,937.80 1,918,452.89 639.74 637.30 101.59 538.15 98.18 541.56
LBA-BEDGW-002 623,827.05 1,918,614.64 638.62 636.30 71.04 567.58 64.24 574.38
RCA-BEDGW-001 623,709.77 1,919,022.35 641.02 638.50 80.24 560.78 75.82 565.20
RCA-BEDGW-002 623,832.46 1,918,842.57 638.03 635.50 38.72 599.31 40.14 597.89
||RCA-BEDGW-003 623,916.92 1,918,767.69 637.00 634.30 106.36 530.64 105.60 531.40
Notes:

#Northings and Eastings are scaled to the Ohio State Plane Coordinate System (North Zone), NAD 1983.
Vertical datum to National Geodetic Vertical Datum 1929.

°Staff gauge to measure water level in unnamed drainage ditch.

‘Piezometers were abandoned July 2009.

DTW - Depth to water.

NM - Not measured.

NA - Not applicable.

ft msl - Feet above mean sea level.
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Well Pair Vertical Hydraulic Gradients

Table 5-3

Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

Depth of Elevation of Average
Unit Monitored | Elevation Center of Groundwater Elevation Vertical
Monitored | Well TD Zone of Ground | Monitored Gradient
Well Name (ft bgs) (ft bgs) (ft bgs) |Surface (ft)| Zone (ft) 5/6/2009 | 5/26/2009 | 11/9/2009 (ft/ft)
1SLA-MW02 OB/OS 28.75 13.4-28.4 630.8 609.90 620.7 625.88 629.38
*  [1SLA-BEDGW-002 DL 74.6 64.2-74.2 630.9 561.70 Not measured| 587.22 587.61
& Distance between Center of Monitored Zones 48.20
Vertical Gradient NA 0.802 0.867 0.834
AP1-MW02 OB/OLS 19.55 9.2-19.2 634.7 620.50 633.81 632.8 630.8
"?'__ AP1-BEDGW-002 DL 59.35 44.0-59.0 634.5 583.00 599.63 594.1 596.5
g Distance between Center of Monitored Zones 37.50
Vertical Gradient 0.911 1.032 0.915 0.953
AP2-MW02 OB 15.35 5.0-15.0 632.5 622.50 NA 628.44 621.45
f'; AP2-BEDGW-002 DL 85.35 70.0-85.0 632.4 554.90 NA 612.56 607.45
g Distance between Center of Monitored Zones 67.60
_ Vertical Grad_i_e_n_t_ NA 0.235 0.207
ltBAMWOT | OBIOS | - ) | esr2 :
Y |iBABEDGW-001 | DL
e
jUBAMWE2
' |LBA-BEDGW-002 |
'g e
JRCAMWC‘.T:“
«©
F
o~
&
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Well Pair Vertical Hydraulic Gradients

Table 5-3

Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)
Depth of Elevation of Average
Unit Monitored | Elevation Center of Groundwater Elevation Vertical
Monitored | Well TD Zone of Ground | Monitored Gradient
Well Name (ft bgs) (ftbgs) | (ftbgs) |Surface (ft)| Zone (ft) | 5/6/2009 | 5/26/2009 | 11/9/2009 (f/ft) |
WTP1-MWO02 OB/OS 16.3 6.0-16.0 638.6 627.60 636.42 634.09 631.07 T
®  [WTP1-BEDGW-002 DL 53.35 43.0-53.0 637.80 589.80 601.8 603.75 616.51
§ Distance between Center of Monitored Zones 37.80
Vertical Gradient 0.916 0.803 0.385 0.701
WTP1-MW03 OB/OS 16.3 6.0-16.0 637 626.00 635.63 633.52 630.7
> [WTP1-BEDGW-003 DL 55.35 45.0-55.0 637.10 587.10 600.74 599.29 600.85
g“‘j Distance between Center of Monitored Zones 38.90
Vertical Gradient 0.897 0.880 0.767 0.848
o WTP3-MWO1 OB/OS 18.35 8.0-18.0 637 624.00 633.89 |Not measured| 626.07
~ |WTP3-BEDGW-001 DL 52.35 37.0-52.0 637.10 592.60 603.05 |Not measured] 603.98
5 Distance between Center of Monitored Zones 31.40
o : Vertical Gradient 0.982 NA 0.704 0.843
WTP3-MW02 OB/0S 18.35 8.0-18.0 637.7 624.70 632.68 |Notmeasured| 628.97
E WTP3-BEDGW-002 DL 52.35 37.0-52.0 637.60 593.10 603.64 |Not measured| 603.95
© Distance between Center of Monitored Zones 31.60
o Vertical Gradient 0.919 NA 0.792 0.855

A negative vertical gradient indicates an upward gradient.
A positive vertical gradient indicates a downward gradient.

bgs - Below ground surface.
ft - Feet.

OB - Overburden.

OS - Ohio Shale.

DL - Delaware Limestone.
lentangy Shale.
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 10)

LOCATION CODE LBA-SBO01 LBA-SB02
LOCATION LS LS
SAMPLE NO LBA00O1 LBAQ002 LBA0003 LBA0OO4 LBA0005 LBA0006
SAMPLE DATE|  20-Jan-09 20-Jan-09 20-Jan-09 19-Jan-09 18-Jan-09 19-Jan-09
DEPTH 0-1Ft 3-5Ft 8-10Ft 0-1Ft 3-5Ft 8-10Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter [ Units [ RBSC [ BSC | MDC Result [VQ| Result [VQ[| Result [VQ| Result [VQ] Resut [VQ] Result |VQ
EXPLOSIVES
/Amino-2,6-dinitrotoluene, 4-|mg/kg 15 NE 0.53 -l - - - -l - 0.324 0.53
IAmino-4,6-dinitrotoluene, 2-|mg/kg 15 NE 0.438 -l - - - -l - 0.294 0.438
Dinitrotoluene, 2,4- mg/kg 0.71 NE 5.68 -l - -l - -l - 0153 J 0.321
Dinitrotoluene, 2,6- mg/kg 0.71 NE 4.12 -l - -l - -l - -l - -
Nitrotoluene, 2- mg/kg 2.9 NE 22.7 -l - e - - - - 234
Nitrotoluene, 3- mg/kg 0.61 NE 1.52 -l - -l - -l - -l - -l - 0.308
Nitrotoluene, 4- mgrkg 24 NE 11.8 -l - -1 - -l - -l - -l - 0.707
VOLATILES
Acetone mg/kg 6,100 NE 0.339 0.0367| J - - 0.0305| J 0.124] J 0.0207{ J 0.0282| J
Benzene mg/kg 1.1 NE 0.00381 -l - 0.00217] J 0.00121] J -1 - 0.00381] J -
FButanone, 2- mg/kg 2,800 NE 0.0147 -l - - - 0.00573] J 0.0103] J - - - -
|§arbon disulfide mglkg 82 NE 0.00735 -l - -] -} 0.000988} J -l - -l - -l -
Dichloroethane, 1,1- mg/kg 3.3 NE 0.0345 o 0.0254{ J -l - -l - 0.00323] J -1 -
{[Dichloroethene, 1,1- mg/kg 24 NE | 0.00563 -t -] 0.00301] J I -] o0.00254] J I
{[Dichloroethene, cis-1,2-  [mg/kg 78 NE [ 0.00986 - 0.0032] J IEE - B - -
Naphthalene mglkg 3.6 NE 0.00346 -l -] 000346 J - - -l -] 0.00151 J - -
Toluene mglkg 500 NE 0.00599 -| -] 0.00312f J| 0.00186( J -l -] 0.00598{ J - -
Trichloroethane, 1,1,1- mg/kg 870 NE 1.21 R 121 J - 0.0156f J 1.19 0.0309
Trichloroethene mg/kg 2.8 NE 0.121 -l - 0.0624f J -l -] 000263 J 0.0487 J 0.0122
Trimethylbenzene, 1,2,4-  |mg/kg 6.2 NE 0.00178 -l - - -] 0.000988] J -l - 0.001714) J -l -
Vinyl acetate mg/kg 97 NE 0.00197 -l - -l - e -l - B -l -
SEMIVOLATILES
||Acenaphthylene mg/kg NE NE 0.224 -l - B - B - |-
Iﬁnthracene mg/kg 1,700 NE 0.381 - BEE - e e -
Benzo(a)anthracene mg/kg 0.15 NE 0.652 0.0426] J - - -l - -l - -l - -l -
Benzo(a)pyrene mg/kg 0.015 NE 0.498 -l - -l - -l - B -l - -l -
Benzo(b)fluoranthene mg/kg 0.15 NE 1.01 -l - -l - -l - -l - -l - -l -
Benzo(ghi)perylene mg/kg NE NE 0.106 -l - -l - -l - B N B
Bis(2-ethylhexyl)phthalate |mg/kg 35 NE 0.74 - -l - -l - - - - -] -
Chrysene mg/kg 15 NE 0.784 0.0395| J -1 - -l - -l - e -l -
Dibenzofuran mg/kg 7.8 NE 0.461 -l - -l - -l - A -l - -l -
Di-n-butyl phthalate mg/kg 610 NE 0.059 -1 - -l - -l -
Dinitrotoluene, 2,4- mg/kg 0.71 NE 9.88 -l - -l - - -
Dinitrotoluene, 2,6- mg/kg 0.71 NE 3.82 - - - - -
Fluoranthene mg/kg 230 NE 1.26 0.0616| J -l - -l - -l - - -
Indeno(1,2,3-cd)pyrene myg/kg 0.15 NE 0.13 -l - -l - -l - - - - - -
l'l\/lemylnaphthalene, 2- mg/kg 31 NE 1.66 -l - -l - Bl - - -l - -l -
|F\1aphthalene mglkg 36 NE 1.02 - - - - 1 - I
Phenanthrene mg/kg NE NE 0.843 -l - -l - - - -l - -l - -l -
|iPyrene ma/kg 170 NE 113 0.0627] J - - - - ]
PCBs
Aroclor 1221 Imghkg [ 014 [ NE [ 019 ] ] ] || ] ] I
[Aroclor 1260 Jmgkg | 022 | NE | 024 | ElE EEE 1 1 4 |
METALS
Aluminum mg/kg 7,700 15,500 | 12000
IAntimony mgrkg 3.1 9.3 1.46
Arsenic mg/kg 0.39 36.5 15.3
Barium mglkg 1,500 826 218
Beryllium mg/kg 16 1 9.26
Cadmium mg/kg 7 NE 0.819
Calcium mg/kg NE 52,300 | 288000
Chromium mglkg 0.29 29 19
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 10)
LOCATION CODE LBA-SB01 LBA-SB02
LOCATION LS LS
SAMPLE NO|  LBA0QO1 LBA0002 LBA0003 LBA0004 LBA00O5 LBAO00S
SAMPLE DATE|  20-Jan-09 20-Jan-09 20-Jan-08 19-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 3-5Ft 8-10Ft 0-1Ft 3-5Ft 8-10Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter Units RBSC BSC MDC Result Resuit Result Result Result
Cobalt mglkg 23 116 53.8 2 B8 | 165 J| 862 |
Copper mglkg 310 562 | 316 [  654] | 27] | 202] J|  175] J| 239
liron mglkg 5500 | 234,000 | 33900 [ 15000] J| 0 . 20500 | 508 | 700
l[Lead mg/kg 400 48.6 103
[[Magnesium mglkg NE 10,400 | 29600
|IManganese mg/kg 180 3,506 | 3000
[Mercury mglkg 2.3 0.09 0.158
[iNickel mg/kg 150 55.1 435
|iPotassium mglkg NE 3,390 1720
[Selenium ma/kg 39 2 0.85 - - - - - -
[Sitver mglkg 39 11.1 2.25 -l - - - -l - -l - - - -l -
Sodium mg/kg NE NE 262 414 113 130 24 45.7 96.4
Thallium mglkg NE 1.3 0.678 - 0.654 0.31] J - 0.357] J 0.416] _J
Vanadium mglkg 39 409 282 265 188 22.9 23.7 24.7 21.7
Zinc mg/kg 2,300 32175 | 113 26 60 66.7 449 70.2 60.4
GENERAL CHEMISTRY
Total organic carbon [malkg | NE | NE [ 3040 | T 1 T T [ 3,040] ] I 1 |
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 10)
LOCATION CODE LBA-SB03 LBA-SB04
LOCATION LS LS
SAMPLE NO LBA0007 LBA0008 LBA00O9 LBA00O10 LBA0011 LBA0014 LBA0012 LBA0013
SAMPLE DATE|  20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 16-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 0-1Ft 0-1Ft 25-32Ft 8-10Ft 8-10Ft _9-1.9Ft 39-59Ft
SAMPLE PURPOSE REG FD FS REG REG REG REG REG
Parameter [ Units | RBSC | BSC | MDC Result [VQ[ Result [VQ[ Resut [VQ] Resut [VQ| Result |VQ| Resut [VQ[ Result [ VQ| Result [VQ
EXPLOSIVES
Amino-2,6-dinitrotoluene, 4-|mg/kg 15 NE 0.53 -l - -l - -l - E -l - 1 - I - I —
Amino-4,6-dinitrotoluene, 2-|mg/kg 15 NE 0.438 -l - - - - - - - - 0.163] J
Dinitrotoluene, 2,4- mglkg 0.71 NE 5.68 R R - N - - - ~
Dinitrotoluene, 2,6- mgrkg 0.71 NE 412 -l - -l - EE - - - - - I —
Nitrotoluene, 2- mg/kg 2.9 NE 22.7 -l - -l - -l - - - - - - N -
Nitrotoluene, 3- mg/kg 0.61 NE 1.52 -l - - EE - - - 1 - -
Nitrotoluene, 4- mgrkg 24 NE 11.8 N -l - - - - - < 1 -
VOLATILES
Acetone mg/kg 6,100 NE 0.339 0133) J 0.08] J 0.1 -l - - - - - 0.0303/ J 0.0219{ J
[Benzene mg/kg 1.1 NE 0.00381 - - -l - -l - -l - -l - 0.00225( J -l - -
Butanone, 2- mg’kg 2,800 NE 0.0147 0.0129| J 0.0002] J I - - -l - - N 1 -
Carbon disulfide mg/kg 82 NE 0.00735 0.00254] J 0.00735] J -l - -l - -l - - - -
Dichloroethane, 1,1- mg/kg 3.3 NE 0.0345 -l - - - -l - -l - 0.0158| J 0.00263| J -1 - -l -
Dichloroethene, 1,1- mg/kg 24 NE 0.00563 -l - - - -l - -l - - - |- -
Dichloroethene, cis-1,2- mg/kg 78 NE 0.00986 - - - - - - - - - - 0.00986] J - - - -
Naphthalene mg/kg 3.6 NE 0.00346 -l - - - N - - -
Toluene mg/kg 500 NE | 0.00599 -| -] 0.00104 J -l - -l - -| -] 0.00338] J - - -l -
Trichloroethane, 1,1,1- mg/kg 870 NE 1.21 -l -] 0.00138| J -l - -l - 0.0928 0.115 -l - -l -
Trichloroethene mglkg 2.8 NE 0.121 -l - -l - -l - -l - - - 0.121 N 1 -
Trimethylbenzene, 1,2,4-  |mg/kg 6.2 NE 0.00178 -l - e - - -l - N - - 1 -
Vinyl acetate mg/kg 97 NE 0.00187 -l - e -l - - - - -
SEMIVOLATILES
Acenaphthylene mg/kg NE NE 0.224 - -] 0.0706] J - 1 - ] - T~ e T -
/Anthracene mglkg 1,700 NE 0.381 - 0.0811] J -l - - - - - -
Benzo(a)anthracene mg/kg 0.15 NE 0.652 J 36| J -l - -l - -1 - [ - o - -
Benzo(a)pyrene mg/kg 0.015 NE 0.498 J 1 J -1 - - - -l - - g - -
Benzo(b)fluoranthene mg/kg 0.15 NE 1.01 J J -l - - - - N 0 - 1 -
|iBenzo(ghi)perylene mg/kg NE NE 0.106 - 0.106] J 1 - - B 1 - 1 - -
Bis(2-ethylhexyl)phthalate [mg/kg 35 NE 0.74 - - - - - - - - -
Chrysene mg/kg 15 NE 0.784 J 0.232| J -l - -l - -l - N - - -
Dibenzofuran mg/kg 7.8 NE 0.461 -l - -l - -l - EE - - EE 1 -
Di-n-butyl phthalate mg/kg 610 NE 0.059 0.059| J - - -l - -l - -t d - N -
Dinitrotoluene, 2,4- mgl/kg 0.71 NE 9.88 -l - NE R -l - - - - P -
[Dinitrotoluene, 2,6- molkg 0.71 NE 3.82 - 1 - - 1 - - 1= 1= =
|[Fluoranthene mglkg 230 NE 1.26 0.141 0.455| J - - - - - o —
|[indeno(1,2,3-cd)pyrene mglkg 0.15 NE 0.13 - 0.13] J - - I - B - o
Methylnaphthalene, 2- mg/kg 31 NE 1.66 -l - - - B - - - - - - -
Naphthalene mg/kg 3.6 NE 1.02 - - B - - N - - 1 - 1 -
Phenanthrene mg/kg NE NE 0.843 0.072] J 0.161] J -l - -l - - - . RN -
Pyrene mglkg 170 NE 1.13 0.111] J 0.337] J -l - -l - - N - J% I -
PCBs
Aroclor 1221 Imgkg [ 014 [ NE [ 019 | | T -
Aroclor 1260 Imghkg | 022 | NE | 024 | E| 1 -
METALS
Aluminum mg/kg 7,700 15,500 | 12000 ] | 5,390
Antimony mg/kg 3.1 9.3 1.46 - -
Arsenic mg/kg 0.39 36.5 153 | JE AR U
l_Barium mg/kg 1,500 826 218 20.7] |
Beryliium mg/kg 16 1 9.26 J 521 J
Cadmium mg/kg 7 NE 0.819 - - -
Calcium mg/kg NE 52,300 [ 288000 2,250
Chromium mg/kg 0.29 29 19 D
0\4:14 PM
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 10)
LOCATION CODE L BA-SB03 LBA-SB04
LOCATION LS LS
SAMPLE NO[  LBA0007 LBA0008 L BA0009 LBA0010 LBA0O11 LBA0O14 LBA0012 LBA0013
SAMPLE DATE|  20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 16-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 0-1Ft 0-1Ft 2 5-3 2Ft 8-10Ft 8-10Ft _9-1.9Ft 3 9-59Ft
SAMPLE PURPOSE REG FD FS REG REG REG REG REG
Parameter Units RBSC BSC MDC Result {VQ| Result [VQ| Result [VQ| Result |VQ[ Result |VQ| Result |VQ| Resuit Result
Cobalt mg/kg 2.3 116 53.8 4] ] o | 63 | i J] 5 G0 B L35
Copper mglkg 310 562 | 316 | 142 [ 138 [ 7] 1 18] | 275] J[  264] J] 881 | 867
iron mglkg 5500 | 234,000 33900 6300 J X o oZEEee | o] J] soo] | §700] | 00 Jj 9A200
lLead ma/kg 400 48.6 103 103] J 39.9] J 28.6 9.31 X
|[Magnesium mglkg NE 10,400 | 29600 J
|IManganese mg/kg 180 3,506 | 3000 J
|Mercury mglkg 2.3 0.09 [ 0.158
|Nickel mg/kg 150 55.1 43.5 J
|Potassium mglkg NE 3,390 1720 628
Selenium mg/kg 39 2 0.85 -l - -l - 0.85 B - - -l - -l - - -
Silver mg/kg 39 11.1 2.25 -l - -l - -l - -l - -l - -l - -l - -l -
Sodium mglkg NE NE 262 34.6 45.8 - 52.9 110 105 37.8 40
Thallium mglkg NE 13 0.678 - 0.308] J - - 0.327] J 0.34] J e -
Vanadium mg/kg 39 40.9 28.2 20.1 22 171 20.9 18.3 19.2 27.5 25.5
Zinc mg/kg 2,300 321.75 | 113 67.6 71.8 58 60.5 56.4 55.8 30 30
GENERAL CHEMISTRY
[Total organic carban Jmgikg | NE | NE [ 3040 ] [ 1 T T T [ [ T T T 1T I
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 10)
LOCATION CODE LBA-SB05 LBA-SBO7 LBA-SB08 LBA-SB09
LOCATION LS MP MP MP
SAMPLE NO LBA0O15 LBA0016 LBA0017 LBA0023 LBA0024 LBADO25
SAMPLE DATE 19-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09
DEPTH 0-1Ft 3-5Ft 8-10Ft 3-41Ft 3-41Ft 3-42Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter [ Units [ RBSC | BSC | MDC Result [VQ[ Result [VQ] Result [VQ| Result [VQ] Result [VQ] Result [VQ
EXPLOSIVES -
lAmino-2,8-dinitrotoluene, 4-|mg/kg 15 NE 0.53 -1 - e B e e -l -
lAmino-4,6-dinitrotoluene, 2-\mg/kg 15 NE 0.438 -l - e - - -l - -l - -l -
Dinitrotoluene, 2,4- mg/kg 0.71 NE 5.68 -l - -l - -l - -l - Bl -l -
Dinitrotoluene, 2,6~ mg/kg 0.71 NE 4.12 e EE e - - B -l -
|INitrotoluene, 2- mg/kg 2.9 NE 22.7 - - - - EE B
|INitrotoluene, 3- mg/kg 0.61 NE 1.52 - El BE B - N
|INitrotoluene, 4- mg/kg 24 NE 11.8 - - B - 1 - -
|IVOLATILES
!{\cetone mg/kg 6,100 NE 0.339 0112 J -l - 0.021] J
Benzene mg/kg 1.1 NE 0.00381 -l - -l - -l -
|{Butanone, 2- ma/kg 2,800 NE 0.0147 0.0113] J - - -
[parbon disulfide mg/kg 82 NE 0.00735 -l - -| -] 0.00307{ J
Dichloroethane, 1,1- mg/kg 3.3 NE 0.0345 - - 0.00427 J 0.0345] J
|[Dichioroethene, 1,1- mglkg 24 NE__10.00563 e - -] 0.00863] J
|Dichloroethene, cis-1,2-  [mg/kg 78 NE | 0.00986 B N N
Naphthalene mg/kg 3.6 NE 0.00346 - - -l - - -
[Toluene mg/kg 500 NE 0.00599 -l - -l - -l -
Trichloroethane, 1,1,1- mg/kg 870 NE 1.21 0.00538] J 0.0132 0324 J
Trichloroethene mg/kg 2.8 NE 0.121 -l - -l - -
Trimethylbenzene, 1,2,4-  |mg/kg 6.2 NE 0.00178 BE -l - e
Vinyl acetate mg/kg 97 NE 0.00197 -l - -l - - -
SEMIVOLATILES
|{Acenaphthylene mglkg NE NE 0.224 - 1 - 4] ] 1] 0.195] J
lﬁnthracene malkg 1,700 NE 0.381 -l - -l - - J
Benzo(a)anthracene ma/kg 0.15 NE 0.652 -l - -l - - J
|_Benzo(a)pyrene malkg 0.015 NE 0.498 - - - J
Benzo(b)fluoranthene mg/kg 0.15 NE 1.01 -l - -l - - J
Benzo(ghi)perylene mg/kg NE NE 0.106 - - -l - - - -
Bis(2-ethylhexyl)phthalate [mg/kg 35 NE 0.74 -l - -1 - - - J J
Chrysene mgkg 15 NE 0.784 -l - -l - -l - 02511 J 0271 J 0.719] J
}Di)enzoﬁ;ran mg/kg 7.8 NE 0.461 - - B - - B -l - e
Di-n-butyl phthalate mg/kg 610 NE 0.059 -l - -l - -l - -l - -l - -l -
Dinitrotoluene, 2,4- mg/kg 0.71 NE 9.88 -l - -l - -l - -l - -l - -l -
Dinitrotoluene, 2,6- mg/kg 0.71 NE 3.82 < - -l - - - -l - -l - -1 -
Fluoranthene mglkg 230 NE 1.26 -1 - -l - -1 - 0171 J 023} J 1.02| J
Indeno(1,2,3-cd)pyrene mg/kg 0.15 NE 0.13 -l - -4 - -l - -1 - -l - -1-
Methylnaphthalene, 2- mg/kg 31 NE 1.66 -l - -l - - - -l - -l - -1 -
Naphthalene mg/kg 3.6 NE 1.02 -l - -l - -1 - -l - -l - e
Phenanthrene mg/kg NE NE 0.843 -l - -l - - - - -l - 0.202] J
Pyrene mg/kg 170 NE 1.13 e - - -l - 0213 J 0221] J 091] J
PCBs
Aroclor 1221 fmghkg | 044 [ NE T 049 | ] 1] [ T T T 7 ]
Aroclor 1260 Imgkg [ 022 [ NE [ 024 | ] ] 1 11 [ |
[METALS
Aluminum mg/kg 7,700 15,500 | 12000
Antimony mg/kg 3.1 9.3 1.46
Arsenic ma/kg 0.39 36.5 156.3 . i
Barium mg/kg 1,500 826 218 120 94.3 3}
Beryllium mgrkg 16 1 9.26 J 12| J 115( J 114] J
Cadmium mg/kg 7 NE 0.819 . -l - e 0264 J 0.221] J
Calcium mglkg NE 52,300 | 288000 5,520 3,050 51,200{ J| 288,000( J| 288,000 J| 240,000| J
Chromium mg/kg 0.29 29 19 0 i B N 53
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 10)

LOCATION CODE LBA-SB05 LBA-SB07 LBA-SB08 LBA-SB09
LOCATION LS MP MP MP
SAMPLE NO LBAQ015 LBA0OO16 LBA0O17 LBAQ023 LBA0024 LBA0025
SAMPLE DATE 19-Jan-09 20-Jan-09 20-Jan-08 20-Jan-09 20-Jan-09 20-Jan-08
DEPTH 0-1Ft 3-5Ft 8-10Ft 3-41Ft 3-41Ft 3-42Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter Units RBSC BSC MDC Result VQ| Result |VQj Result |VQ| Result |VQ
Cobalt mg/kg 23 116 53.8 21 7 J 174 J 1.65] J 2431 J
Copper mg/kg 310 56.2 31.6 J 911 J 10.4
Iron mg/kg 5,500 234,000 | 33900 5,390
|Lead ma/kg 400 48.6 103 10.8
|IMagnesium mglkg NE 10,400 | 29600 J 28,500
|IManganese ma/kg 180 3,506 | 3000 j
{[Mercury mglkg 23 0.09 [ 0.158 J .
|[Nickel mglkg 150 55.1 435 J 5.58
|[Potassium mg/kg NE 3390 | 1720 411
[[Sefenium mglkg 39 2 0.85 - - - - - -
\ISilver mg/kg 39 111 2.25 -l - - - - - 0.48 1.01 2.25
Sodium mg/kg NE NE 262 41.7 554 100 262 223 142
Thallium mg/kg NE 1.3 0.678 -l - 0402] J 0.269| J -l - -l - -l -
Vanadium ma/kg 39 40.9 28.2 21.6 27.6 19 6.31 6.6 7.96
Zinc mg/kg 2,300 321.75 113 48.1 814 57.2 33.9 44.7 16.3
GENERAL CHEMISTRY
Total organic carbon [mgkg | NE [ NE [ 3040 ] T 1 [ 1 T 1 T 1 [ 1 |
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 10)
LOCATION CODE LBA-SB06 LBA-SB10
LOCATION RCA RCA
SAMPLE NO LBA0O18 LBA0O19 LBAD020 LBAQ021 LBA0022 LBA0026 LBA0027 LBAQ028 LBA0029 LBAQ030
SAMPLE DATE(  20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 18-Jan-09 19-Jan-09
DEPTH 0-1Ft 3-5Ft 8-10Ft 8-10Ft 8-10Ft 0-1Ft 0-1Ft 0-1Ft 3-4 4Ft 8-10Ft
SAMPLE PURPOSE REG REG REG FD FS REG FD FS REG REG
Parameter [ Units | RBSC | BSC | MDC Result [VQ| Result [VQ[ Result [VQ| Resut [VQ| Result [VQ| Result |vQ| Result |VQ| Result |VQ| Result |VQ| Result |VQ
EXPLOSIVES
[Amino-2,6-dinitrotoluene, 4-jmg/kg 15 NE 0.53 -l - - - BE B R - - [ - 1 - 0 -
Amino-4,6-dinitrotoluene, 2-|mg/kg 15 NE 0.438 -l - - - - - - - - - Sd - 1 - 1 - 1 - 1 -
Dinitrotoluene, 2,4- mg/kg 0.71 NE 5.68 -l - - - B EEE - - - - - - 0.378
Dinitrotoluene, 2,6- mg/kg 0.71 NE 4.12 -l - -l - -l - - - - - X - 1 - - 1 - N
Nitrotoluene, 2- ma/kg 29 NE 22.7 - - -l - B -l - - - - N - 1 - -
Nitrotoluene, 3- mg/kg 0.61 NE 1.52 B - - - - - - - - - 4 - - -
Nitrotoluene, 4- mg/kg 24 NE 11.8 -l - -l - -l - - - - - M - I - - -
VOLATILES
Acetone mgrkg 6,100 NE 0.339 0.104] J -l - 0.0151] J 0.0352] J -l - 0.339] J 0.087] J 0.072 0.0524] J 0.0247] J
Benzene mg/kg 1.1 NE | 0.00381 -] -] 0.00303] J| 0.00254] J BEE R B - N - -
Butanone, 2- mg/kg 2,800 NE 0.0147 0.00827| J - - -] -] 0.00555{ J -l - 0.0147{ J 0.0078; J -l - -l - -l -
Carbon disulfide mg/kg 82 NE 0.00735 -l - e e -l - -l - - - N - - - IS S
I_Dichloroethane, 1,1- ma/kg 3.3 NE 0.0345 -l - -l - -l - -l - - - - - - - - - A1 - d4 -
Dichloroethene, 1,1- mglkg 24 NE 0.00563 - - -l - B e - - - B - - -
Dichloroethene, cis-1,2- - Img/kg 78 NE 0.00986 -l - -l - - - -l - - -l - - - - IS -
Naphthalene mg/kg 3.6 NE 0.00346 -l - - - - - - - I - I I -
Toluene mglkg 500 NE 0.00599 -| -] 0.00576] J 0.0032( J| 0.00123] J - -l - B - = -
[Trichloroethane, 1,1,1- mg/kg 870 NE 1.21 -l - -l - -l - -l - -l - -l - - - N - J- -
Trichloroethene mg/kg 2.8 NE 0.121 -l - -l - - - - - B - - - 1 - 1 -
Trimethylbenzene, 1,2,4-  [mg/kg 6.2 NE 0.00178 -| -l 0.00178{ J -l - B - - e - -
Vinyl acetate mg/kg 97 NE 0.00197 -l - -l - -l - -l - -l - 0.00197[ UJ 4 - -
SEMIVOLATILES
Acenaphthylene mglkg NE NE 0.224 | 0.224] J I - - - - 1 - - T - 1 -
Anthracene mg/kg 1,700 NE 0.381 J -l - -l - B - -l - - - d - -
Benzo(a)anthracene mg/kg 0.15 NE 0.652 J -l - -l - - - - - - - -l - - - -
Benzo(a)pyrene mglkg 0.015 NE 0.498 J -l - B -- -l - - - - - - J
Benzo(b)fluoranthene mg/kg 0.15 NE 1.01 J -l - B B e - - - - 1 -
Benzo(ghi)perylene mg/kg NE NE 0.106 - e -l - -l - - - -l - - - 1 - 4 -
Bis(2-ethylhexyl)phthalate |mg/kg 35 NE 0.74 - -l - -l - - - RS -l - - - - N -
Chrysene mg/kg 15 NE 0.784 J -l - -l - -l - -l - -l - N - - i - N
Dibenzofuran mglkg 7.8 NE 0.461 J - - -l - e - - -l - N - - - I - 1
Di-n-butyl phthalate mg/kg 610 NE 0.059 - - - - -l - -l - - - - - J - N . P I -
Dinitrotoluene, 2,4- mg/kg 0.71 NE 9.88 - - -l - - - -l - -l - -1 - -l - -l - -l - 0.352{ J
fDinitrotoluene, 2,6- mg/kg 0.71 NE 3.82 -l - - - -l - - - - - e - - -l - -1 - 0.0771 J
|[Fluoranthene mglkg 230 NE 1.26 1.26] J - EE S 4 - - 0.0401] J - I - I -
{indeno(1,2,3-cd)pyrene __[matkg 0.15 NE 0.13 - - 1 - - - - E T - T - " —
Methylnaphthalene, 2- mg’kg 31 NE 1.66 1.66] J -l - - - -l - -l - - - R - - I -
Naphthalene mglkg 3.6 NE 1.02 1.02] J -l - o[- - - - - - N - - N - .
Phenanthrene mg/kg NE NE 0.843 0.843] J -l - N - - - - - N i A -
Pyrene mg/kg 170 NE 1.13 1.13{ J -l - e -l - - -l - 1 - 1 - - 1 -
PCBs
Arocior 1221 [moks |04 ] NE_ | 010 ] T T 1 ] 1 T T T T I
Arocior 1260 Imgkg | 022 | NE | 024 ] T T 1 1 . 1 1 T T |
METALS
Aluminum mg/kg 7,700 15,500 | 12000 | 5
Antimony mg/kg 3.1 9.3 1.46 J J .
Arsenic mg/kg 0.39 36.5 15.3 J Ji JE 4538 J
Barium mg/kg 1,500 826 218 J J J 63.1] J
Beryllium mglkg 16 1 9.26 J 584 J J - 7 9.03] J
Cadmium ma/kg 7 NE 0.819 0.338] J 0.254] J 0.32] J 0.408( J - 0.671
Calcium mglkg NE 52,300 | 288000 5,080 47,700 J 47,100f J 43,900] J 50,100 J 71200 J
Chromium mg/kg 0.29 29 19 - : 12:4 123 13 J 5 J
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Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs

Table 5-4

Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 8 of 10)
LOCATION CODE LBA-SB06 LBA-SB10
LOCATION RCA RCA
SAMPLE NO LBA0018 LBA00O19 LBA0020 LBA0021 LBA0022 LBA0026 LBA0027 LBA0028 LBA0029 LBA0030
SAMPLE DATE|  20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 20-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 3-5Ft 8-10Ft 8-10Ft 8-10Ft 0-1Ft 0-1Ft 0-1Ft 3-4_4Ft 8-10Ft
SAMPLE PURPOSE REG REG REG FD FS REG FD FS REG REG
Parameter Units RBSC BSC MDC Result Result [VQ| Result [VQ Result Result
Cobalt mg/kg 2.3 116 53.8 ] N ) J
Copper malkg 310 56.2 31.6 [ 138 | 104]
Iron mg/kg 5,500 | 234,000 | 33900 | ] 3000 | 14600
|[Lead mg/kg 400 48.6 103
{[Magnesium mg/kg NE 10,400 | 29600
|[Manganese mglkg 180 3,506 | 3000
Mercury mg/kg 23 0.09 0.158
Nickel mg/kg 150 55.1 43.5
Potassium mg/kg NE 3,390 1720
Selenium mg/kg 39 2 0.85
Silver mg/kg 39 11.1 2.25
Sodium mg/kg NE NE 262
Thallium mg/kg NE 1.3 0.678
Vanadium mg/kg 39 40.9 28.2 .
Zinc mg/kg 2,300 321.75 113 584 59 56.1
GENERAL CHEMISTRY
Total organic carbon Img/kg | NE | NE T 3040 ] | | | | | I T | | |
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 10)
LOCATION CODE LBA-SB11 1.BA-SB12
LOCATION RCA RCA
SAMPLE NO LBA0031 LBA0032 LBA0033 LBA0034 LBA0035 LBA0036
SAMPLE DATE|  19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 3 9-59Ft 8-10Ft 0-1Ft 3-3_9Ft 8-10Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter [ Units [ RBSC [ BSC | MDC Result [VQ[ Result [vQ| Result [vQ| Result [VQ[ Result [VQ] Result [VQ
EXPLOSIVES
Amino-2,6-dinitrotoluene, 4-[mgrkg 15 NE 053 | 0527] | B 1 - - 1 - N
/Amino-4,6-dinitrotoluene, 2-|mg/kg 15 NE 0.438 - - - - B
Dinitrotoluene, 2,4- mglkg 0.71 NE 5.68 -l - 0.393 RIE
Dinitrotoluene, 2,6- mg/kg 0.7 NE 4.12 - -] - N
Nitrotoluene, 2- mg/kg 2.9 NE 22.7 -l - - M .
Nitrotoluene, 3- mgrkg 0.61 NE 1.52 -l - - - 1
Nitrotoluene, 4- mg/kg 24 NE 11.8 EE -l - R
VOLATILES
Acetone mg/kg 6,100 NE 0.339 J J 0152 J 0.0464| J 0.0525] J|
Benzene mg/kg 1.1 NE 0.00381 -l - -l - - - - N
Butanone, 2- mg/kg 2,800 NE 0.0147 0.0136} J - - -l - 0.00999| J - - 0.00791] J
Carbon disulfide mg/kg 82 NE 0.00735 -l - -l - e BE - N
Dichloroethane, 1,1- mg/kg 3.3 NE 0.0345 N A - - - R -
Dichloroethene, 1,1- mg’kg 24 NE 0.00563 e B -l - S - I
Dichloroethene, cis-1,2- mg/kg 78 NE 0.00986 - - - - - N — - N -
Naphthalene mg/kg 3.6 NE 0.00346 -l - - -l - - - 1
Toluene mg/kg 500 NE | 0.00599 -l - - -] 0.00324] J - - -l - RE
Trichloroethane, 1,1,1- mgrlkg 870 NE 1.21 - - - o - - o -
Trichloroethene mglkg 2.8 NE 0.121 -l - - - - - - o - a4
Trimethylbenzene, 1,2,4-  [mg/kg 6.2 NE 0.00178 -l - -l - - g - - P -
Vinyl acetate mg/kg 97 NE 0.00197 -l - - - - - - X -
SEMIVOLATILES
Acenaphthylene mg/kg NE NE 0.224 -l - - - - - qJ - - S -
Anthracene mg/kg 1,700 NE 0.381 - - - - -l - o - - 2
Benzo(a)anthracene mg/kg 0.15 NE 0.652 -l - A -l - - 1 - 1
Benzo(a)pyrene mg/kg 0.015 NE 0.498 -l - - - - - 1 4
Benzo(b)fluoranthene ma/kg 0.15 NE 1.01 B e N - - N -
Benzo(ghi)perylene mg/kg NE NE 0.106 B - B - N - N
|IBis(2-ethylhexyl)phthalate |mg/kg 35 NE 0.74 - - 1 - - o — o
|[Chrysene mg/kg 15 NE 0.784 - - B 1 - 1 - -
|IDibenzofuran mg/kg 7.8 NE 0.461 - - Bl 1 - o A
|[Di-n-butyl phthalate ma/kg 610 NE 0.059 e - - 1= M N —
Pinitrotoluene, 2,4~ mg/kg 0.71 NE 9.88 120 -1 - 023 J -l ]
Dinitrotoluene, 2,6- mg/kg 0.71 NE 3.82 - - N
|[Fluoranthene mglkg 230 NE 1.26 - - B - 0.0499] " J B I -
{lindeno(1,2,3-cd)pyrene mglkg 0.15 NE 0.13 - - - - I I -
Methylnaphthalene, 2- mg/kg 31 NE 1.66 - - - - -l - - - N
Naphthalene mglkg 3.6 NE 1.02 e - - - - N
Phenanthrene mg/kg NE NE 0.843 -l - e - - - - - 1
Pyrene mg/kg 170 NE 1.13 - - B - - - - 4]
PCBs
Aroclor 1221 [mglkg | 014 [ NE | 049 ] T R I T T I
Araclor 1260 [mghkg | 022 [ NE | 024 | 0.0629] J] | 1 N |
METALS
Aluminum mglkg 7,700 15,500 | 12000 | 6,690]
Antimony mg/kg 3.1 9.3 1.46
Arsenic mg/kg 0.39 36.5 15.3
Barium mg/kg 1,500 826 218
Beryilium mg/kg 16 1 9.26
Cadmium mg/kg 7 NE 0.819
Calcium mg/kg NE 52,300 | 288000
(Chromium ma/kg 0.29 29 19
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Table 5-4

Detected Constituents in Surface and Subsurface Soil Samples Above RBSCs and/or BSCs
Locomotive Building Area SCR

(Page 10 of 10)

Former Plum Brook Ordnance Works, Sandusky, Ohio

LOCATION CODE LBA-SB11 LBA-SB12
LOCATION RCA RCA
SAMPLE NO LBA0031 LBA0032 LBAQ033 LBA0034 LBA0035 LBA0036
SAMPLE DATE|  19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09 19-Jan-09
DEPTH 0-1Ft 3 9-59Ft 8-10Ft 0-1Ft 3-3 9Ft 8-10Ft
SAMPLE PURPOSE REG REG REG REG REG REG
Parameter Units RBSC BSC MDC Result [VQ[ Result [VQ| Result [VQ[ Result [VQ| Result [VQ] Resuilt
Cobait ) mglkg 23 116 53.8 68 J % 2 s U 3B
Copper mglkg 310 562 | 316 [ 42 | 153 [ 316l [ 2] | 128] | 284
ron mglkg | 5500 | 234,000| 33000 [ 24,600] | 300 | pzo00] | B00| [17727800] | 25800
Lead mg/kg 400 48.6 103 10 129 J 9.64f J 12.3
Magnesium mg/kg NE 10,400 | 29600
|IManganese mg/kg 180 3,506 | 3000
Mercury mg/kg 2.3 0.09 0.158
Nickel mg/kg 150 55.1 43.5
Potassium mg/kg NE 3,390 1720
Selenium mg/kg 39 2 0.85
Silver mg/kg 39 11.1 2.25
Sodium mg/kg NE NE 262
Thallium mg/kg NE 1.3 0.678
\Vanadium mg/kg 39 40.9 282
Zinc mglkg 2,300 321.75 113
GENERAL CHEMISTRY
Total organic carbon [mghkg T NE | NE | 3040 ] [T [ T [ [ ] |

LS - Locomotive Shop

MP - Maintenance Pit.

RCA - Railcar Wash Area

NE - Not established (RBSCs), not evaluated (BSCs).

cellindicates value is greater than RBSC.

Bold text indicates value is greater than the BSC.

RBSC - Values reflect an incremental lifetime cancer risk (ICLR) of 1E-6

or a noncancer hazard quotient (HQ) of 0.1. For chemicals that exhibit both
cancer and noncancer effects, whichever type of effect results in a lower
concentration (using an ICLR of 1E-6 and an HQ of 0.1), that concentration is
selected as the RBSC.

MDC - Maximum detected concentration for the AOC ("B" qualified data not included).
BSC - Background screening concentration.

"-" - Not Detected.

mg/kg - Milligram per kilpgram.

Validation Qualifiers
J - The analyte was postively identifed; the reported value is estimated.
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Table 5-5

Detected Constituents in Surface Water Samples Above RBSCs
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

LOCATION CODE| LBA-SW01 LBA-SW02 LBA-SWO03 LBA-SW04 LBA-SW05 LBA-SW06 LBA-SW07
SAMPLE NO LBA2000 LBA2001 LBA2002 LBA2003 LBA2004 LBA2005 LBA2006 LBA2007 LBA2008
SAMPLE DATE| 20-May-09 21-May-09 21-May-09 21-May-09 21-May-09 21-May-09 22-May-09 22-May-09 22-May-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG FD FS REG REG REG REG
Parameter Units| RBSC MDC Result [VQ| Result |VQ| Result |VQ| Result |VQ| Result [VQ| Result |VQ| Result |VQ[ Result [VQ] Result [VQ
VOLATILES
Dichloroethane, 1,1- ug/L 24 0.45 0.25 J 0.39 J 0.26 J 0.45 J - - - - 0.39 J - - - -
|[Dichloroethene, cis-1,2- | uglL| 370 0.24 - - - - 0.22 J 0.24 J - - - - - - - - - -
|[Trichloroethane, 1,1,1- [pg/L| 9,100 0.59 - - 0.47 J 0.59 J 0.53 J - - - - - - - - B -
METALS
Aluminum pg/L| 37,000 23,800 1,790 1,660 1,990 1,540 1,720 2,460 2,520 23,800 11.3 B
Arsenic pug/L| 0.45 8.8 - - - - - - - - - - - - - - . - -
Barium pg/L| 7,300 155 49.8 J 101 J 64.5 J 58.2 J - - 62.6 J 62.2 J 41.6 J
Beryllium pg/L 73 1.1 - - - - - - - - - - - -
Calcium ug/L NE 152,000 141,000 132,000 110,000
Chromium pg/L] 0.43 39.8 | 8 J - -1 - -
Cobalt pg/L 11 16.3 J - - - -
Copper pg/L 1,500 38.5 - - - -
Iron ug/Li 26,000 43,900 2,850 1,090
Lead pg/L 15 18 J - - -
Magnesium ug/L NE 29,600 26,000 17,400
Manganese pg/L 880 2,220 554 | i ] 381
Nickel pg/L] 730 71.6 4.8 J . 7.9 J . - N
Potassium pg/l NE 6,540 2,260 J 6,540 2,070 J 1,900 - - 1,280 J
Selenium ug/L 180 4.4 - - - 3.4 J 3.8 - - - -
Sodium ug/L NE 35,000 27,600 32,400 34,700 34,300 35,000 31,700
\Vanadium pg/L 180 46.1 5 J 4.5 J 5 J 4.3 J - - - -
IZinc pg/L| 11,000 177 19.7 J 32 35 30.2 21.2 - -
GENERAL CHEMISTRY
fHARDNESS (as CaCO3)| pg/L NE 464,000 | 464,000

RBSC - Values reflect an incremental lifetime cancer risk (ICLR) of 1E-6 or a noncancer hazard quotient (HQ) of 0.1.

For chemicals that exhibit both cancer and noncancer effects, whichever type of effect results in a lower concentration
(using an ICLR of 1E-6 and an HQ of 0.1), that concentration is selected as the RBSC.

MDC - Maximum detected concentration for the area of concern ("B" qualified data not included).

"-" - Not Detected.

NE - Not Established.

ug/l - Parts per billion.

Validation Qualifiers (VQ)
J - The analyte was postively identifed; the reported value is estimated.
B - Analyte was not detected significantly above the levels found in the associated method blank or field blanks.
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Table 5-6

Detected Constituents in Sediment Samples Above RBSCs
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

LOCATION CODE| LBA-SDO1 | LBA-SDO2 | LBA-SDO3 | LBA-SD04 | LBA-SD05 LBA-SD06
SAMPLE NO| LBA1000 LBA1001 LBA1002 LBA1003 LBA1004 | LBA1005 LBA1006 LBA1007
SAMPLE DATE| 20-May-09 21-May-09 21-May-09 21-May-09 22-May-09 22-May-09 22-May-09 22-May-09
DEPTH| 0-_5Ft 0-_5Ft 0-_5Ft 0-_5Ft 0-_5Ft 0-_5Ft 0-_5Ft 0-_5Ft
SAMPLE PURPOSE|  REG REG REG REG REG REG FD FS
Parameter [ units | RBSC | MDC Result [vQ| Result [vQ| Result [vQ| Result [vQ| Result [vQ] Resut [vQ| Result [val Result [va
VOLATILES
Acetone mg/kg | 61,000 0.0921 - -1 00921 | J - - - - - - - - - - - -
Carbon disulfide mgrkg 820 0.0019 - - - - - - - - - - [ 00019 [ 4 - - - -
Methylene chloride mg/kg 110 0.0582 0.0582 0.0195 | B - - - - - - - - - - - -
lsEMIVOLATILES
|[Benzo(b)fiuoranthene | mg/kg 15 0.0481 - - - - - - - - - -] 00481 | y] 00458 [ u - -
|[Fluoranthene mgkg | 2,300 0.0934 - - - - - - - - - -] 00738 | J| 00934 | J - -
{[Phenanthrene malkg NE 0.0546 - - - - - - - - - - - - | 00546 | u - -
|[Pyrene mgkg | 1,700 0.0694 - - - - - - - - - - | 0.0562 | 4] 0.0694 |y - -
METALS
Aluminum mgtkg | 77,000 10900
Arsenic mg/kg 3.9 17.8 J
Barium mg/kg | 15,000 156 J
Beryllium mg/kg 160 0.96 J
Cadmium mg/kg 70 1.9 J
Calcium mg/kg NE 11200 J J
Chromium mg/kg 2.9 18.8 J J
Cobalt mg/kg 23 26 ; J M8 |J}p 26 |J 246
Copper mgkg | 3,100 26.2 135 105 | J 133 [J] 222 [J]| 227 245 21 26.2
iron mghkg | 55,000 32200 | 21,000 20,500 | J | 18,700 | J [ 30,200 | 4 [ 22,100 25,500 23,300 32,200
llLead mgkg | 400 179 | 108 9 J| 95 1yl 179 [yl 115 104 10.5 17
{IMagnesium mglkg NE 4940 2,840 1,590 | J | 2160 | J| 3090 | J]| 4940 3,620 3,190 3,820
{[Manganese mgkg | 1,800 5360 1,510 828 | 4| 1610 737 779 1,170
[Mercury mglkg 23 0.031 0025 [ J] 0023 [y - -] 0031 [ J] 0022 | J] 0022 [J] 0023 [J - -
[[Nickel mgkg | 1,500 63.2 52.2 266 | J| 261 [J] 398 [J]| 266 33.8 34.2 63.2
Potassium mgrkg NE 1430 781 | J| 614 [J| 781 [0 820 [J] 1250 | J| 1430 1,370 1,420
Selenium mgrkg 390 3 3 J1 24 ol 17 T9] 22 T4 17 T4 19 [J] 18 14 - -
Sodium ma/kg NE 192 182 | J| 110 [ J[ 134 [J[ 192 [J[ 166 [J] 150 [J[ 164 [ - -
Thallium mglkg NE 3.1 1.9 026 | J - - - - - - - - - N
\Vanadium mglkg 390 27.7 22.2 194 | J] 219 [J[ 265 [J] 245 27 25.8 27.7
Zinc mglkg | 23,000 80.3 80.3 524 | J| 541 |J]| 739 |J] &5 63 59.1 783
GENERAL CHEMISTRY
Total Organic Carbon | mgkg | 15,000 | - - 7-7T-"71- -"71-1T -"T1-1T -"71-T" " -"T1-1" -"71-1T -"1-

RBSC - Values reflect an incremental lifetim

For chemicals that exhibit both cancer and noncancer effects, whichever type of effect resuits in a lower concentration
(using an ICLR of 1E-6 and an HQ of 0.1), that concentration is selected as the RBSC.

MDC - Maximum detected concentration for the area of concern ("B qualified data not included).

" - Not Detected.

mg/kg - Parts per million.

Validation Qualifiers (VQ)
J - The analyte was postively identifed; the reported value is estimated.
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Table 5-7

Detected Constituents in Overburden/Shale Temporary Piezometers Above RBSCs and/or BSCs
Locomotive Building Area SCR '
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 3)
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LOCATION CODE| LBA-PZ01 LBA-PZ02 LBA-PZ03 LBA-PZ04 LBA-PZ05
LOCATION LS LS LS LS LS LS LS
SAMPLE NO LBA3000 LBA3003 LBA3004 LBA3005 LBA3006 LBA3001 LBA3002
SAMPLE DATE| 31-Jan-09 29-Jan-09 29-Jan-09 30-Jan-09 28-Jan-09 28-Jan-09 28-Jan-09
DEPTH| 7.17 - 7.28 Ft [ 14.14-14.14 Ft| 8.42-8.46 Ft | 6.70 - 6.71 Ft | 10.07 - 10.1 Ft[ 10.07 - 10.1 F| 10.07 - 10.1 Ft
SAMPLE PURPOSE REG REG REG REG REG FD FS
LOW-FLOW SAMPLED Yes Yes Yes Yes Yes Yes Yes
Parameter [units] RBSC| BSC [ MDC Result [VQ[ Result [VQ| Result [VQ] Result [VQ| Result [vQ Result |VQ] Result | VQ
EXPLOSIVES
Amino-2,6-dinitrotoluene, 4- | pg/L 7.3 NE 1.7 - - - - 1.71 - - - - - - - R
Amino-4,6-dinitrotoluene, 2- | pg/L 7.3 NE 1.6 - - - - 1.6 - - - - - - - -
Dinitrotoluene, 2,4- pg/L | 0.099 NE 17.2 - - - - - - - - - - - -
Dinitrotoluene, 2,6- ug/L | 0.099 NE 15.1 - - - - - - - - - - - -
HMX pg/L | 180 NE 0.0 - - - - - - - - - - - - -
Nitrobenzene pg/l | 0.12 NE 1.2 - - - - - - - - - - - = -
Nitrotoluene, 2- ug/l | 0.31 NE 6.9 - - - - - - N R - N N =
Nitrotoluene, 3- ug/L | 0.37 NE 3.9 - - - - - - - - - - - -
Nitrotoluene, 4- g/l 4.2 NE 1.8 - - - - - - - - - - - -
VOLATILES
Acetone ug/L | 2,200 NE 3.5 - - 3.46 J - - - - - - - - - -
Bromoform ug/L 8.5 NE 0.0 - - - - - - - - - - - - - -
Carbon disulfide g/l 100 NE 0.0 - - - - - - - - - - - - - -
Carbon tetrachloride ug/L 0.2 NE 0.0 - - - - - - - - - - - - - -
Dibromochloromethane pg/L | 0.15 NE 0.0
Dichloroethane, 1,1- ug/L 2.4 NE 10.0
|[Dichloroethene, 1,1- ugll| 34 NE 0.7 -
IIDichloroethene, cis-1,2- ug/lL | 37 NE 0.3 -
Naphthalene pg/L | 0.14 NE 4.3 -
Trichloroethane, 1,1,1- g/l | 910 NE 58.4 58.4
Trichloroethene ug/L 2 NE 7.0 0.81
Trimethylbenzene, 1,2,4- ug/L 1.5 NE 0.4 -
SEMIVOLATILES
Di-n-butyl phthalate ug/L 370 NE 0.0 -
Dinitrotoluene, 2,4- yg/L | 0.099 NE 13.3 -
Dinitrotoluene, 2,6- yg/L | 0.099 NE 7.1 -
METALS-UNFILTERED
Aluminum yg/L | 3,700 309 27500 162
Arsenic yg/L | 0.045 7.4 42.7 -
Barium ug/L | 730 11,800 323 31.7
Beryllium ug/L 7.3 NE 13.7 -
Cadmium ug/L 1.8 NE 4.6 8 (
Calcium ug/L NE 316,000 299000 | 156,000
Chromium pyg/L | 0.043 NE 39.1 - -
Cobalt ug/L 1.1 12.1 18.6 - -




Table 5-7

Detected Constituents in Overburden/Shale Temporary Piezometers Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 3)
LOCATION CODE|[ LBA-PZ01 LBA-PZ02 LBA-PZ03 LBA-PZ04 LBA-PZ05
LOCATION LS LS LS LS LS LS LS
SAMPLE NO| LBA3000 LBA3003 LBA3004 LBA3005 LBA3006 LBA3001 LBA3002
SAMPLE DATE| 31-Jan-09 29-Jan-09 29-Jan-09 30-Jan-09 28-Jan-09 28-Jan-09 28-Jan-09
DEPTH| 7.17 - 7.28 Ft | 14.14-14.14 Ft| 8.42-8.46 Ft | 6.70-6.71 Ft | 10.07 - 10.1 Ft| 10.07 - 10.1 Ft] 10.07 - 10.1 Ft
SAMPLE PURPOSE REG REG REG REG REG FS
LOW-FLOW SAMPLED Yes Yes Yes Yes Yes Yes
Parameter Units| RBSC BSC MDC Result |VQ| Result [VQ] Result |VQ[ Result [VQ
Copper ug/L 150 19.8 66 5.98 J 66 - - 53.7
Iron ug/L | 2,600 1,550 48900 469 681
Lead ug/L 15 NE 48.6 - - -
{[Magnesium ug/L] NE 217,000 [ 90700 30,900 90,700 16,300
|[Manganese ug/L | 88 636 1450 25.3 35.1 501 ]
|[Nickel ug/L | 73 8.6 58.2 - - 20.5 - - 17.6 7.86 4.98 J 58.2
Potassium yg/L NE 116,000 8560 878 4,800 510 J 2,860 2,610 2,430 8,560
Selenium ug/L 18 NE 0.0 - - - - - - - - - - - - - -
Sodium ug/L NE 1,390,000 | 20400 5,240 20,4 2,820 12,300 12,700 10,800
Vanadium ug/L 18 NE 65.9 - - : - - 11.6 9.17 659
Zinc yg/L | 1,100 507 141 - - 136 - - 38 J 31.9 J 141
METALS-FILTERED
Aluminum pg/l | 3,700 309 159 - - - - - -
Arsenic ug/L | 0.045 7.4 28.0 - - - J - -
Barium ug/L { 730 11,800 93.6 87.7 15.1 93.6 - -
Cadmium ug/L 1.8 NE 4.5 - - - - - - - - -
Calcium ug/L NE 316,000 154000 | 154,000 65,600 71,600 72,400 70,900
Cobalt ug/L 1.1 12.1 0.0 - - - - - - - - - - - - - -
Iron ug/L | 2,600 1,550 446 90.9 - - - - - - 446 382 132
Lead yg/L 15 NE 0.0 - - - - - - - - - - - - - -
Magnesium ug/l NE 217,000 29600 29,600 20,200 15,800 20,900 20,000 20,200 18,700
Manganese ug/L 88 636 273 21.4 29.5 24.6 .
Mercury ug/L 1.1 NE 0.0 - - - - - - -
I[Nickel g/l |73 8.6 0.0 - - - - - - -
Potassium ug/L NE 116,000 2080 792 357 J - -
Selenium ug/L 18 NE 0.0 - - - - - - - - - - - - -
Sodium ug/L NE 1,390,000 | 18200 5,140 18,200 3,060 7,290 11,900 12,500 11,600
Vanadium ug/L 18 NE 0.0 - - - - - - - - - - - - - -
Zinc pg/L | 1,100 507 0.0 - - - - - - - - - - - - - -
WATER QUALITY PARAMETERS
Alkalinity yg/L NE NE 240000 [ 240,000 177,000 103,000 238,000 172,000 119,000 230,000
Chloride pg/L NE NE 7960 6,140 J 7,960 J 3,610 3,240 J 6,980 J 6,550 J 6,300 J
Cyanide, total ug/L 73 NE 0 - -
Hardness Mg/l NE NE 1120000 | 517,000 1,120,000 255,000 921,000 359,000 317,000 680,000
HARDNESS (as CaC03) ug/L NE NE 0
Nitrate ug/L | 5,800 NE 0 - -
Nitrate-Nitrite ug/L NE NE 581 297 J - - 581 61 J 26 J - -
Sulfate ug/L NE NE 193000 | 193,000 43,800 | J| 30,500 28,200 53,300 | J| 52,800 | J| 56,200
Total dissolved solids ug/L NE NE 700000 584,000 172,000 239,000 295,000 331,000 | J | 700,000 | J| 310,000
Total suspended solids ug/L NE NE 3860000 - - | 3,860,000 21,000 1,770,000 641,000 676,000 1,200,000
Turbidity NTU NE NE 866 10.9 866 J 19.7 J 165 J 403 J 375 J 64
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Table 5-7

Detected Constituents in Overburden/Shale Temporary Piezometers Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 3)

LS - Locomotive Shop.
NE - Not established (RBSCs), not evaluated (BSCs).
NA - Not Analyized.
| indicates value is greater than RBSC.
Bold text indicates value is greater than the BSC.
RBSC - Values reflect an incremental lifetime cancer risk (ICLR) of 1E-6 or a
noncancer hazard quotient (HQ) of 0.1.
For chemicals that exhibit both cancer and noncancer effects,
whichever type of effect results in a lower concentration
(using an ICLR of 1E-6 and an HQ of 0.1), that concentration is selected
as the RBSC.
MDC - Maximum detected concentration for the AOC ("B" qualified data
not included).
BSC - Background screening concentration.
" - Not Detected.
ug/L - Parts per billion.
mg/L - Parts per million.
prior to groundwater sample collection.
NM - Not measured.

Tempoary piezometers from RCA not sampled. Recharge rate in all piezometers less
than 50 mi per minute.

Validation Qualifiers (VQ)

J - The analyte was postively identifed; the reported value is estimated.
B - The analyte was not detected significantly above the levels found in the
associated method blank or field blanks.
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Table 5-8

Detected Constituents in Overburden/Shale
Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area SCR

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 5)

LOCATION CODE LBA-MWO1 LBA-MW02
LOCATION LS LS
SAMPLE NO|  LB3067 LB3075 LB3068 LB3069 LB3070 LB3076 LB3077 LB3079
SAMPLE DATE| 12-May-09 | 4-Nov-09 19-May-09 19-May-09 19-May-09 5-Nov-09 5-Nov-09 5-Nov-09
DEPTH| 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG FD FS REG FD FS
LOW-FLOW SAMPLED No No Yes Yes Yes Yes Yes Yes
Parameter [Units] RBSC | BSC MDC Result |[VQ| Result |VQ Result |[VQ| Result |VQ Result [VQ] Result [VQ] Result [VQ| Result |VQ)
EXPLOSIVES
/Amino-2,6-dinitrotoluene, 4- | ug/L [ 7.3 NE 0.48 - - - -]
Amino-4,6-dinitrotoluene, 2- | g/l 7.3 NE 0.54 - - - -
Dinitrotoluene, 2,4- pg/L | 0.099 NE 17.8 - - - -
|[Dinitrotoluene, 2,6- pg/l | 0.099 NE 12.4 - - - -
{[HMX ug/L [ 180 NE 0.32 - - - -
([Nitrobenzene pg/L | 0.12 NE 12 - - - -
|[Nitrotoluene, 2- ug/l | 0.31 NE 74.7 - - - -
[[Nitrotoluene, 3- pg/L | 0.37 NE 9.1 - - - -
Nitrotoluene, 4- yg/L 4.2 NE 8.6 - - - -
VOLATILES
Acetone ug/L | 2,200 NE 10 - - - -
Bromoform yg/L 8.5 NE 0.36 - - - -
Carbon disulfide ug/L | 100 NE 0.54 - - - -
Carbon tetrachloride yg/L 0.2 NE 4 - - - -
Dibromochloromethane pyg/L| 0.15 NE 0.20 - - - -
|[Dichloroethane, 1,1- uglL] 2.4 NE 8.3 2.2 2
[Dichloroethene, 1,1- ug/lL [ 34 NE 1.9 - - - -
IDichloroethene, cis-1,2- g/l | 37 NE 0.87 - - - -
Trichloroethane, 1,1,1- Mg/l 910 NE 40.0 1.3 - -
Trichloroethene Mg/l 2 NE 5.6 - - - -
SEMIVOLATILES
Di-n-butyl phthalate yg/L | 370 NE 1.3 - - -
IDinitrotoluene, 2,4- pg/L | 0.099 NE 12.9 - - -
I[Dinitrotoluene, 2,6- pg/L | 0.099 NE 8.4 - - - -
|[METALS-UNFILTERED
[[Aluminum ug/L [ 3,700 309 1340 58.9 B 176 J 395 [B|] 352 [B - - 361 313 1,190
IBarium ug/L | 730 11,800 260 73.5 J 617 | J 59.7 J 60.7 J - - 76.6 J 82.1 J Z -
Calcium o/l | NE 316,000 | 189000 | 189,000 165,000 [ J| 80,700 [ J] 83,200 | J| 79,200 89,300 92,300 84,200
Chromium ug/l { 0.043 NE - - - - - - - - - - - - -
Cobalt g/l 1.1 12.1 - - - - - - - - - - - -
Iron ug/L | 2,600 1,550 - - - - - - J| 1,430
|lCead uglL| 15 NE - - - 2.3 J - - B -
[Magnesium uglL | NE 217,000 17,300 17,800 17,100 21,100
[Manganese ug/L | 88 636 57.3 59.7 55.4
[Nicket w/L] 73 8.6 21.0 4.3 J 2.4 J - - - - - - - -
Potassium gLl NE 116,000 19000 4200 [J[ 4190 [J] 1920 [J[ 1870 1J - - J J
Selenium pg/L ] 18 NE 6.7 6.3 J 4.9 J - - - - - - J -
Sodium pug/L1  NE | 1,390,000 | 97100 28,300 31,200 8500 [J] 5600 |J] 5680 J J
Vanadium Mg/l 18 NE 34 - - - - - - - - - - - - - - - -
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Table 5-8

Detected Constituents in Overburden/Shale
Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area SCR

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 5)
LOCATION CODE LBA-MWO01 LBA-MW02
LOCATION LS LS
SAMPLE NO LB3067 LB3075 LB3068 LB3069 LB3070 LB3076 LB3077 LB3079
SAMPLE DATE| 12-May-09 4-Nov-09 19-May-09 19-May-09 19-May-09 5-Nov-09 5-Nov-09 5-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG FD FS REG FD FS
LOW-FLOW SAMPLED No No Yes Yes Yes Yes Yes Yes
Parameter Units| RBSC BSC MDC Result |VQ| Result |VQ[ Result |VQ] Result {VQ] Result |VQ| Result [VQ] Result |VQ| Result |VQ
Zinc ug/L | 1,100 507 18.3 - - N - - - 9.2 J - - - - ~ - - -
IMETALS-FILTERED
{[Aluminum pg/L | 3,700 309 37.6 - - - - 37.6 J 28.3 J - - - - - - - -
Barium ug/L 730 11,800 190 66.9 J 56 51.3 J 49.2 J - - 28 J 33.8 - -
Calcium ug/L NE 316,000 197000 197,000 159,000 77,300 78,400 76,100 82,600 85,700 81,500
Cobalt ug/L 1.1 12.1 6.1 - - - - - - - - - - - - - - - -
[Lead uglL | 15 NE 2.7 - - - - - - - - - - 2.1 J 2.4 J - -
IMagnesium pglL | NE | 217,000 15,800 16,100 16,500 15,000 15,700 15,000
(Manganese ug/L | 88 636 47.2 46.1 57.3 30.1 J| 463 J[ 474
[Mercury poll | 1.1 NE 0.16 - - - - - - - - - - - - 0.16 J - -
I[Nickel o/l | 73 8.6 21.1 5 J 2.7 J - - - - - - - - - - - -
Potassium ug/L [ NE 116,000 19800 4,240 J 4,000 J 1,050 J 1,530 J - - 914 B 1,080 | B - -
Selenium ug/L 18 NE 5.9 5.9 J - - 3.6 J - - - - - - - - - -
Sodium yg/L NE 1,390,000 98100 28,700 30,100 4,210 J 4,960 J 5,660 4,120 J 4,550 J - -
\Vanadium Hg/L 18 NE 0.92 - N - - - - - - - - - - - - -
Zinc ug/L | 1,100 507 15.5 - - 14.5 J - - 9.5 J - - - - - - - -
WATER QUALITY PARAMETERS
Alkalinity ug/L NE NE 333000 299,000 285,000 234,000 237,000 230,000 250,000 277,000 280,000
Chloride pg/L NE NE 195000 105,000 171,000 7,300 7,300 5,700 7,000 7,200 5,800
Cyanide, total Hg/L 73 NE 16 8.5 J - - 7.5 J - - ~ - - - - - - -
Hardness ug/L NE NE 320000 300,000 320,000
|[HARDNESS (as CaCO3) pg/L NE NE 657000 657,000 600,000 273,000 281,000 303,000 315,000
[Nitrate yg/L | 5,800 NE 300 300
Nitrate-Nitrite ug/L NE NE 900 - - 110 710 J 750 J 900 440 J 450 J
Sulfate Hg/L NE NE 282000 190,000 139,000 38,000 38,100 49,500 37,300 | J 39,600 J I 51,300
Total dissolved solids pg/L NE NE 951000 876,000 790,000 396,000 | J | 316,000 350,000 339,000 365,000 370,000
Total suspended solids ug/L NE NE 206000 14,000 20,000 - - 6,000 J = - - - 7,000 J | 38,000
Turbidity NTU NE NE 30.9 8.6 12.7 2.1 J 2.9 J 0.6 2 J 9.7 J 16
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Detected Constituents in Overburden/Shale
Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area SCR

Table 5-8

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 5)
LOCATION CODE LBA-MW03 RCA-MW01 RCA-MW02 RCA-MW03
LOCATION LS RCA RCA RCA
SAMPLE NO 1.B3071 LB3080 RC3074 RC3075 RC3081 RC3076 RC3082
SAMPLE DATE| 10-May-09 3-Nov-09 12-May-09 11-May-09 3-Nov-09 11-May-09 4-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG REG REG REG REG
LOW-FLOW SAMPLED Yes Yes No No No No No
Parameter [Units] RBSC [ BSC | MDC Result [VQ[ Result [VQ] Result [VQ Result [VQ] Result [VQ] Result [VQ] Result [Vd
EXPLOSIVES
Amino-2,6-dinitrotoluene, 4- | ug/L 7.3 NE 0.48 - - - - - - - [ - - - - - -
Amino-4,6-dinitrotoluene, 2- | ug/L 7.3 NE 0.54 - - - - - - - - - - - - -
Dinitrotoluene, 2,4- ug/L | 0.099 NE 17.8 - - - - - - - - - -
|[Dinitrotoluene, 2,6- ug/L | 0.099 NE 12.4 - - - - - - - - - -
([HMX ug/L | 180 NE 0.32 - - 0.32 - - - - - -
[Nitrobenzene pg/L | 012 NE 1.2 - - - - - - - - - -
[[Nitrotoluene, 2- pg/L | 031 NE 74.7 - - - - - - - - - -
[INitrotoluene, 3- pg/L | 037 NE 9.1 - - - - - - - - - -
Nitrotoluene, 4- yg/L 4.2 NE 8.6 - - - - - - - - - -
VOLATILES
Acetone ug/L | 2,200 NE 10 - - - - - - - - - 10 J - -
Bromoform pg/L 8.5 NE 0.36 - - - - - - - - 0.36 J - -
Carbon disulfide ug/L 100 NE 0.54 - - - - - - - -
Carbon tetrachloride ug/L 0.2 NE 4 - - - - - - - -
Dibromochloromethane yg/L | 0.15 NE 0.20 - - - - - - -
IDichioroethane, 1,1- pglL | 2.4 NE 8.3 - - - - - - - -
[Dichloroethene, 1,1- g/l | 34 NE 1.9 - - - - - - - - -
Dichloroethene, cis-1,2- ug/L 37 NE 0.87 - - - - - - - - - - - -
Trichloroethane, 1,1,1- ug/L 910 NE 40.0 35.3 22.1 - - - - - - - - -
Trichloroethene Hg/L 2 NE 5.6 - - - - - - - - - - - - -
SEMIVOLATILES
Di-n-butyl phthalate yg/L | 370 NE 1.3 - - - - - - - - - - - - -
Dinitrotoluene, 2,4- g/l | 0.099 NE 12.9 - - - - - - - - - - - - -
Dinitrotoluene, 2,6- pg/L | 0.099 NE 8.4 - - - - - - - - - - - - -
METALS-UNFILTERED
[Aluminum ug/L | 3,700 309 1340 - - 20.4 J 386 52.2
Barium pg/L | 730 11,800 260 125 J 260 188 114
Calcium pg/L NE 316,000 189000 90,200 78,000 | J| 94,300 25,400
Chromium ug/L | 0.043 NE 3.3 - - - - -
Cobalt yg/L 1.1 12.1 6.1 - - - - - -
Iron ug/L | 2,600 1,550 2830 - - - - 348 -
(ILead pglL [ 15 NE 45 - - 2.1
[Magnesium pg/l | NE 217,000 | 47900 26,100 23,200 15,100
[Manganese ug/L | 88 636 458 68.2 77.8 4 72 53
[INickel pg/L| 73 8.6 21.0 3.2 36 J 21 J 11.4 -
Potassium ug/L NE 116,000 19000 5,570 J 5,530 J 6,570 J| 18,900 19,000 14,900
Selenium pg/L 18 NE 6.7 - - 6.7 B - - - -
Sodium ug/L NE 1,390,000 | 97100 21,600 24,600 31,000 97,100 85,900 69,100
Vanadium pg/L 18 NE 3.4 - - - - 1.1 J - - 34 -
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Table 5-8

Detected Constituents in Overburden/Shale
Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area SCR

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 5)
LOCATION CODE LBA-MW03 RCA-MWO01 RCA-MW02 RCA-MWO03
LOCATION LS RCA RCA RCA
SAMPLE NO LB3071 LB3080 RC3074 RC3075 RC3081 RC3076 RC3082
SAMPLE DATE| 10-May-09 3-Nov-09 12-May-09 11-May-09 3-Nov-09 11-May-09 4-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG REG REG REG REG
LOW-FLOW SAMPLED Yes Yes No No No No No
Parameter Units| RBSC BSC MDC Result |VQ[ Result |VQ| Result [VQ Result |VQ] Result [VQ] Result |VQ] Result [VQ
Zinc ug/L | 1,100 507 18.3 11.3 J - - - - 13.1 B 17.3 J 134 B 18.3 J
METALS-FILTERED
[IAluminum pg/l | 3,700 309 37.6 - - - - - - - - -
Barium pg/L | 730 11,800 190 131 J 190 J 182 111 J 98.1 J
Calcium ug/L NE 316,000 197000 86,500 81,800 99,300 23,000 23,500
Cobalt ug/L 1.1 12.1 6.1 - - - - - - - - -
Lead Hg/L 15 NE 2.7 2.7 J - - - - - 2.4
{IMagnesium ug/L NE 217,000 47000 25,800 26,800 24,100 13,900 13,800
{[Manganese ug/L [ 88 636 457 71.7 68.2 84.7 25.6
[Mercury g/l [ 1.1 NE 0.16 - - - - - - - - - - - - - -
Nickel ug/L 73 8.6 21.1 3.5 J - - 3.1 J 211 J 6.3 3.1 J 3.4
Potassium ug/L NE 116,000 19800 5,600 J 4,270 J 6,600 J| 19,800 16,700 14,800 15,300
Selenium pg/L 18 NE 5.9 4.8 J - - 3.8 J 3.8 J - - 4 J - -
Sodium pg/L NE 1,390,000 { 98100 20,400 18,200 32,600 98,100 | J| 75,700 69,000 | J| 66,200
Vanadium ug/L 18 NE 0.92 - - - - - - 0.92 J - - - - - -
Zinc ug/L | 1,100 507 15.5 11.3 J - - 15.5 J 9.2 J 74 - - 7.6
WATER QUALITY PARAMETERS
Alkalinity yg/L NE NE 333000 | 246,000 333,000 267,000 322,000 320,000 307,000 295,000
Chloride yg/L NE NE 195000 6,800 195,000 | J| 21,700 11,600 11,400 12,200 12,100
Cyanide, total Hg/L 73 NE 16 13 J - 16 13 - - - - - -
Hardness ug/L NE NE 320000
IIHARDNESS (as CaCO3) pg/L NE NE 657000 | 333,000 311,000 331,000 512,000 387,000 126,000 148,000
[[Nitrate ug/L | 5,800 NE 300
Nitrate-Nitrite yg/L NE NE 900 - - 110 - - - - 32 J - - - -
Sulfate Hg/L NE NE 282000 69,800 45,400 67,100 282,000 210,000 4,300 4,400
Total dissolved solids Hg/L NE NE 951000 | 580,000 394,000 509,000 951,000 694,000 230,000 348,000
Total suspended solids ug/L NE NE 206000 5,000 J 4,000 70,000 27,000 206,000 - - 52,000
Turbidity NTU NE NE 30.9 - 1 J 21.3 3 30.9 2.1 25

KN10\PBOW\LBA\SCR\Final\Tables\5-8.xIs\GW\9/28/2010\4:15 PM



KN10\PBOW\LBA\SCR\Final\Tables\5-8.xIs\Notes\8/28/2010\4:15 PM

Table 5-8

Detected Constituents in Overburden/Shale
Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area SCR
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 5)

LS - Locomotive Shop.
RCA - Railcar Wash Area.

NE - Not established (RBSCs), not evaluated (BSCs).

NA - Not Analyized.

indicates value is greater than RBSC.

Bold text indicates value is greater than the BSC.

RBSC - Values reflect an incremental lifetime cancer risk (ICLR) of 1E-6 or a
noncancer hazard quotient (HQ) of 0.1.

For chemicals that exhibit both cancer and noncancer effects,
whichever type of effect results in a lower concentration
(using an ICLR of 1E-6 and an HQ of 0.1), that concentration is selected
as the RBSC.

MDC - Maximum detected concentration for the AOC ("B" qualified data
not included).

BSC - Background screening concentration.

"-" - Not Detected.

Hg/L - Parts per billion.

mg/L - Parts per million.
prior to groundwater sample collection.

NM - Not measured.

Tempoary piezometers from RCA not sampled. Recharge rate in all piezometers less
than 50 ml per minute.

Validation Qualifiers (VQ)

J - The analyte was postively identifed; the reported value is estimated.

B - The analyte was not detected significantly above the levels found in the
associated method blank or field blanks.



Table 5-9

Detected Constituents in Bedrock Monitoring Wells Above RBSCs and/or BSCs

Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 3)

LOCATION CODE IT-MNTA-BEDGW-001 LBA-BEDGW-002 RCA-BEDGW-002
SAMPLE NO LB3074 BEDGW-001-1109 LB3073 RC3078 RC3084
SAMPLE DATE 19-May-09 6-Nov-09 12-May-09 11-May-09 5-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG REG REG
LOW-FLOW SAMPLED No No No No No
Parameter [Units] RBSC| BSC | MDC Result  [VQ Result  |VQ Result [vQ Result  [VQ Result  [VQ)
VOLATILES
Acetone ug/L | 2,200 NE 345 345
Benzene ug/L | 0.41 2.4 1680 -
Butanone, 2- ug/L 710 NE 81.3
Carbon disulfide ug/L | 100 NE 11.6
Chioroform ug/L | 0.19 NE 66.7
Chloromethane ug/L 19 NE 35.6
Ethylbenzene ug/L 1.5 0.87 169
Methyl-2-pentanone, 4- ug/L | 200 NE 3.3
Methylene chloride ug/L 4.8 NE 77.6
Tetrachloroethane, 1,1,2,2- ug/L | 0.067 NE 3.7
Toluene ug/L | 230 1.7 692
Xylenes, total ug/L 20 5.5 1130
SEMIVOLATILES
3-Methylphenol and 4-Methylphenol | ug/L NE NE 5.2
Dimethyiphenol, 2,4~ ug/L 73 NE 12.3
Fluorene ug/L 150 NE 5.4
Methylnaphthalene, 2- ug/L 15 NE 256
Methylphenol, 2- ug/L [ 180 NE 5.6
Naphthalene ug/L | 0.14 NE 64.9
Phenanthrene ug/L NE NE 373
Phenol ug/L | 1,100 NE 8
METALS-UNFILTERED
Aluminum ug/L | 3,700 309 155
Arsenic ug/L | 0.045 7.4 131
Barium ug/L 730 11,800 762
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Table 5-9

Detected Constituents in Bedrock Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 3)
LOCATION CODE IT-MNTA-BEDGW-001 LBA-BEDGW-002 RCA-BEDGW-002
SAMPLE NO LB3074 BEDGW-001-1109 LB3073 RC3078 RC3084
SAMPLE DATE 19-May-09 6-Nov-09 12-May-09 11-May-09 5-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG REG
LOW-FLOW SAMPLED No No No No
Parameter Units | RBSC BSC MDC VQ Result VQ Result VQ Result VQ) Result VQ
Cadmium ug/L 1.8 NE 1.4 J
Calcium ug/L NE 316,000 462000 J 280,000
fron ug/L | 2,600 1,550 2940 180
Lead ug/L 15 NE 2.6 J -
Magnesium ug/L NE 217,000 352000 212,000
Manganese ug/L 88 636 1070 85.8
Nickel ug/L 73 8.6 7.2 - - - - 7.2 J - - -
Potassium ug/L NE 116,000 120000 111,000 120,000 87,700 57,600 72,000
Selenium ug/L 18 NE 11.7 - - - - 11.7 J 6.8 B 8.5 J
Sodium ug/L NE 1,390,000 | 1230000 1,230,000 1,130,000 1,140,000 638,000 770,000
Thallium ug/L. NE NE 6.4 3.8 J - - 6.4 J - - - -
\Vanadium ug/L 18 NE 2.8 2.8 J 1.6 J 1.4 J 1.6 J - -
Zinc ug/L | 1,100 507 14.8 11.6 J 11.5 B - 14.8 B 9.2
METALS-FILTERED
Aluminum ug/L | 3,700 309 71.7 43.3 J 52.6 J - - J J
Arsenic ug/L | 0.045 7.4 125 - - - L .
Barium ug/L | 730 11,800 764 329 304 576
Calcium ug/L NE 316,000 471000 312,000 275,000 471,000 309,000 371,000
Lead ug/L 15 NE 3.3 2 J 2.3 J - - 3.3 J - -
Magnesium ug/L NE 217,000 365000 231,000 211,000 36
Manganese ug/L 88 636 1000 47 70.2
Nickel ug/L 73 8.6 5.7 - - - - 5.7 J -
Potassium ug/L NE 116,000 120000 113,000 120,000 90,200 57,900 75,200
Selenium ug/L 18 NE 9.3 - - 4.2 J 9.3 J 7 J 7.2 J
Sodium ug/L NE 1,390,000 | 1210000 1,210,000 1,160,000 1,170,000 634,000 J 793,000
Thallium ug/L NE NE 0 - - - - - - - - - -
Vanadium ug/L 18 NE 2.7 2.7 J 0.93 J 1.1 J 1.9 J 1.3 J
Zinc ug/L | 1,100 507 11.2 11.2 J - - - - - -
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Table 5-9

Detected Constituents in Bedrock Monitoring Wells Above RBSCs and/or BSCs
Locomotive Building Area Site Characterization Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 3)
LOCATION CODE IT-MNTA-BEDGW-001 LBA-BEDGW-002 RCA-BEDGW-002
SAMPLE NO LB3074 BEDGW-001-1109 LB3073 RC3078 RC3084
SAMPLE DATE 19-May-09 6-Nov-09 12-May-09 11-May-09 5-Nov-09
DEPTH 0-0Ft 0-0Ft 0-0Ft 0-0Ft 0-0Ft
SAMPLE PURPOSE REG REG REG REG REG
LOW-FLOW SAMPLED No No No No No
Parameter [Units] RBSC] BSC | WMDC Result  [VQ Result  [VQ Result [val Result  [vQ Result  [VQ
[WATER QUALITY PARAMETERS
Alkalinity ug/L NE NE 773000 773,000 718,000 369,000 753,000 770,000
Chloride ug/L NE NE 3260000 132,000 2,550,000 3,260,000 1,480,000 2,520,000
Cyanide, total ug/L 73 NE 110 71 - - 14 Ji 0 J - -
HARDNESS (as CaCO3) ug/L NE NE 2600000 1,740,000 1,570,000 2,600,000 1,850,000 2,030,000
Nitrate-Nitrite ug/L NE NE 200 - - 90 J - - - - 200 J
Sulfate ug/L NE NE 218000 9,600 - - 14,800 218,000 39,400 J
Total dissolved solids ug/L NE NE 7970000 5,780,000 4,680,000 7,970,000 3,320,000 3,910,000
Total suspended solids ug/L NE NE 193000 53,000 193,000 60,000 - - 17,000
Turbidity NTU NE NE 168 66 J 715 168 47.4 76.4

NE - Not established (RBSCs), not evaluated (BSCs).

RBSC - Values reflect an incremental lifetime cancer risk (ICLR) of 1E-6 or a
noncancer hazard quotient (HQ) of 0.1.
For chemicals that exhibit both cancer and noncancer effects,
whichever type of effect results in a lower concentration
(using an ICLR of 1E-6 and an HQ of 0.1), that concentration is selected
as the RBSC.
MDC - Maximum detected concentration for the AOC ("B" qualified data
not included).
BSC - Background screening concentration.
"-" - Not Detected.
ug/L - Parts per billion.
mg/L - Parts per million.
Ferrous iron measured in field using Hach test kit.
Oxidation reduction potential - Final YSI water quality meter field measurement
prior to groundwater sample collection.
NM - Not measured.

Validation Qualifiers (VQ)

J - The analyte was postively identifed; the reported value is estimated.

B - The analyte was not detected significantly above the levels found in the
associated method blank or field blanks.
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Locomotive Building Area, Looking East
19 January 1942
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Figure 1-4

Locomotive Building Area, Looking South
circa 1960
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