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1.0 Introduction

The U.S. Army is conducting studies of the environmental impact of suspected hazardous waste
sites at properties previously owned by the U.S. Department of Defense. The former Plum
Brook Ordnance Works (PBOW), located in Sandusky, Ohio, is currently being investigated
under the Defense Environmental Restoration Program for Formerly Used Defense Sites.

Figure 1-1 shows the geographical location of the former PBOW site. This 9,000-acre facility
was used for the manufacture of explosives during World War II. The site is currently owned by
the National Aeronautics and Space Administration (NASA) and is operated as the Plum Brook
Station of the John Glenn Research Center with headquarters based out of Lewis Field in
Cleveland, Ohio.

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).
Shaw Environmental, Inc. (Shaw) (formerly IT Corporation [IT]) was contracted by the USACE
Nashville District, to continue a groundwater remedial investigation (RI) at two red water pond
areas and three former trinitrotoluene (TNT) manufacturing areas at PBOW. The two red water
pond areas are the West Area Red Water Ponds and the Pentolite Road Red Water Ponds. The
three former TNT manufacturing areas are TNT Area A, TNT Area B, and TNT Area C

(Figure 1-2).

Ninth-quarter sampling activities were conducted pursuant to the following documents: the final
site-specific sampling and analysis plan (SSAP) (IT, 2001a), final site-specific safety and health
plan (SSHP) (IT, 2001b), the March 2002 letter amendment to the SSAP (IT, 2002a), the site-
wide sampling and analysis plan (SAP) (IT, 1996a), the quality assurance project plan (QAPP)
(IT, 1996b), and the site-wide safety and health plan (IT, 1996c¢).

The purpose of the quarterly background sampling is to provide seasonal collection events to
evaluate groundwater quality and determine if a trending pattern of organics and inorganics is
present in the groundwater of the background monitoring wells. Background (upgradient)
groundwater data will be used as part of a groundwater data set for metals in the various
groundwater risk assessments. Following completion of the final background sampling event
(anticipated June 2004), groundwater screening concentrations will be calculated. The
background data values generated will be compared to values from PBOW site wells for
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determination of any site-related contamination and may also be used for risk evaluation

purposes.

Since minor concentrations of nitroaromatics (less than 0.5 part per million) were detected in
three background wells during the month of April 2002 (3rd quarter), a joint decision was made
by the USACE, Ohio Environmental Protection Agency (OEPA), NASA, Shaw, and Pacific
Environmental Services to continue background groundwater sampling for two additional events.
One event was scheduled during the dry season (October 2002) and the other event was
scheduled during the wet season (April 2003).

To determine if locations of existing background monitoring wells on PBOW property are truly
in “background” locations and to further characterize background groundwater, two additional
background monitoring wells (PB-BED-MW28 and PB-BED-MW29) were installed from
August 4 through 13, 2003 (Figure 1-2). Well PB-BED-MW28 is located on NASA property
outside the security fencing, near the intersection of Taft and Mason Road. It is approximately
2,100 feet upgradient of background well PB-BED-MW20. Monitoring well PB-BED-MW29 is
located on private property outside NASA security fencing, approximately 1,100 feet upgradient
of background well PB-BED-MW25. With the addition of two new background monitoring
wells, a decision was made to continue background groundwater sampling for an additional four
quarters (September and December 2003, and March and June 2004). Table 1-1 presents a
summary of background groundwater sampling investigations and sampling events conducted to
date.

1.1 Objectives
The objectives, as scoped for the quarterly background sampling, are as follows (USACE, 2001,

2003):

1. Determine the quality of bedrock groundwater entering the PBOW site in the
upgradient direction (west, south, and southwest).

2. Determine the quality of residuum groundwater upgradient of selected sites at
PBOW.

3. Perform trend analysis to determine if any changes in the concentrations of

inorganics are seasonally dependent.
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4. Establish the range and determine the background concentrations of inorganics in
residuum and bedrock groundwater.

Additional background sampling objectives:

5. Evaluate the detection of nitroaromatics reported in April 2002 in background
monitoring wells to determine a possible source for this contamination.

6. Determine if groundwater quality of background monitoring wells is adequate for
establishing background concentrations.

7. Provide additional groundwater quality data for risk assessment.

Due to drought conditions, establishing background concentrations of inorganics in overburden
groundwater was eliminated from the objectives.

This report presents:

o Groundwater sampling procedures

¢ Results of the background quarterly sampling events (first through ninth quarterly
events)

o Laboratory analytical data of the ninth quarter (March 2004) grdundwater
sampling. Results from previous events are also presented. These sampling
events occurred as follows:

- First quarter results, September 2001 (IT, 2002b)

- Second quarter results, January 2002 (IT, 2002c)

Third quarter results, April 2002 (IT, 2002d)

Fourth quarter results, July 2002 (Shaw, 2003a)

Fifth quarter results, October 2002 (IT, 2003)

Sixth quarter results, April 2003 (Shaw, 2003b)
Seventh quarter results, September 2003 (Shaw, 2003¢)
Eighth quarter results, March 2004 (Shaw, 2004a)

]

o Handling and disposal of investigation-derived waste (IDW).

1.2 Facility Location and Description
As mentioned above, the former PBOW site is currently owned by NASA. Most of the
aerospace testing facilities at PBOW were constructed in the 1960s and are presently in a
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standby or inactive status. The site is located approximately 4 miles south of Sandusky, Ohio,
and 59 miles west of Cleveland, Ohio. Although primarily in Perkins and Oxford Townships,
the eastern edge of the site extends into Huron and Milan Townships. PBOW is bound on the
north by Bogart Road, on the south by Mason Road, on the west by County Road 43, and on the
east by U.S. Highway 250. The area immediately surrounding PBOW is mostly agricultural, but
residential sections are present along the northern and northeast perimeter. Public access at
PBOW is restricted except during the annual deer hunting season.

1.3 Site History and Potential for Contamination

The PBOW site was built in early 1941 as a manufacturing plant for 2,4,6-TNT, dinitrotoluene
(DNT), and pentolite. Production of explosives began on December 16, 1941 and continued
until 1945. 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 TNT, acid, pentolite, and DNT processing
lines began. Decontamination was completed during the last quarter of 1945. The property was
initially transferred to the Ordnance Department and then to the War Assets Administration after
it was certified by the U.S. Army to be decontaminated. In 1949, PBOW was transferred to the
General Services Administration (GSA).

NASA acquired PBOW on March 15, 1963, and is presently utilizing the site. On April 18,
1978, NASA declared approximately 2,152 acres of land as excess. The Perkins Township
Board of Education acquired 46 acres of the excess for use as a bus transportation center. The
GSA retains the remaining acreage and currently has a use agreement with the Ohio National
Guard for 604 acres of the land. NASA presently controls about 6,400 acres and is using the site
to conduct space research as a satellite operation of its John Glenn Research Center. The details
of these land transactions are listed in the site management plan and can be found at the NASA
Plum Brook Station.

Based on review of historical use of the site and findings of previous investigations, potential
chemicals in the groundwater at PBOW may include nitroaromatic compounds, volatile organic
compounds (VOC), semivolatile organic compounds (SVOC), cyanide, and inorganics.

Review of documents (Herdendorf, 1966 and Stout, 1941) and discussions with OEPA and Ohio

Department of Natural Resources (Appendix A) personnel indicated that the Columbus and
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Delaware bedrock units (the same bedrock units in which one of the PBOW background wells is
screened) contain active and abandoned natural gas and petroleum hydrocarbon wells (Figure 1-
3). It is therefore important to note that some VOCs (primarily benzene, toluene, ethylbenzene,
and total xylenes) and SVOCs may be naturally occurring in site groundwater.
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2.0 Field Activities

2.1 Investigative Methods

Ninth quarter groundwater sampling of background monitoring wells was conducted following
the same procedures used during the previous eight background groundwater sampling events.
Specific sampling procedures are detailed in the approved SSAP/SSHP (IT, 2001a,b).

2.2 Groundwater Sampling

Ninth quarter groundwater sampling was conducted from March 9 to 12, 2004. Background
wells sampled included six bedrock wells (PB-BED-MW20, PB-BED-MW24, BG8-BEDGW-
001, PB-BED-MW25, PB-BED-MW28, and PB-BED-MW29). Bedrock well PB-BED-MW26
was scheduled for sampling; however, the well was dry, so no groundwater sample could be
collected. Background overburden well IT-MWO1 was not scheduled to be sampled. Table 2-1
shows a list of the groundwater samples collected. The background monitoring wells sampled
are located on the extreme west and southwest portion of PBOW (Figure 2-1). On-site
background monitoring wells were selected by the USACE based on the groundwater
investigation conducted in 1997 (USACE, 2001).

In August 2003, after review of background analytical data, off-site background monitoring
wells PB-BED-MW28 and PB-BED-MW29 were installed farther upgradient of the on-site
background monitoring wells. Installation of these two wells was necessary to validate
analytical results of on-site background wells, to determine if the present background monitoring
wells are truly in “background” locations, and to further characterize the background

groundwater.

Groundwater samples were analyzed for nitroaromatics, metals (filtered and unfiltered), VOCs,
SVOCs, and water quality parameters (alkalinity, chloride, cyanide, hardness, nitrate, sulfate,
total dissolved solids, total organic carbon, total suspended solids, and turbidity). Final field
measurements of groundwater samples are presented in Table 2-2. Well locations are shown on
Figure 2-1. Sample collection logs are provided in Appendix B.

Six of the seven background bedrock wells were sampled using the low-flow (minimal
drawdown) sampling methodology. The following wells were sampled using low-flow
methodology: PB-BED-MW24, PB-BED-MW25, PB-BED-MW20, BG8-BEDGW-001, PB-
BED-MW?28, and PB-BED-MW29. Monitoring well PB-BED-MW?26 exhibited a water column
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of only 2.13 feet. Based upon groundwater level measurements from previous events, the
limited water column, and the known minimal water recharge in the well, a groundwater sample
from monitoring well PB-BED-MW26 was not collected. Low-flow minimal drawdown is
performed when adequate groundwater recharge is present. Water quality measurements were

_ recorded by use of an inline flow-through cell connected to a Yellow Springs Instrument
Company (YSI) meter.

A bladder pump was used for the low-flow minimal drawdown sampling. The pump was
inserted into the screened portion of the monitoring well, and the well was pumped at a rate that
minimized drawdown. Purging rates in the background monitoring wells ranged from 50
milliliters per minute (ml/min) (PB-BED-MW20) to 400 ml/min (PB-BED-MW25). The purge
rate was set so that drawdown in the well was never greater than 6 inches. The following water
chemistry parameters were monitored for stability: pH, oxidation-reduction potential,
conductivity, temperature, dissolved oxygen, turbidity.

Overburden/shale monitoring well IT-MWO01 was not scheduled to be sampled during the ninth
quarter groundwater sampling event. An indentation in the polyvinyl chloride (PVC) riser of this
well prevents insertion of a bailer or pump. During previous sampling events (July 2002,
October 2002, and April 2003), groundwater sampling was performed at this well using a
peristaltic pump. With the peristaltic pump, Teflon-lined tubing was inserted into the screened
portion of the well. Cyclic compressions on the tubing were made by the peristaltic pump and a
vacuum was created removing groundwater from the well. Groundwater recharge rates did not

permit low-flow sampling in this well.

When low-flow groundwater sample collection procedures were used, samples that were
collected for dissolved metals analysis were filtered in the field through a 0.45-micrometer high-
capacity filter attached to the discharge line of the bladder pump. When low-flow sample
collection was not possible, the dissolved metals groundwater sample was filtered in the field
using a hand held 0.45-micrometer filter. Sample filtration, preservation, packing, and shipment
were performed in accordance with Section 5.4 of the site-wide QAPP (IT, 1996b).

2.3 Decontamination Procedures

Decontamination of all sampling equipment was performed in accordance with Section 4.3 of the
SSAP (IT, 2001a). Specifically, the water level indicator and low-flow pump were the only
instruments that required complete decontamination procedures. Decontamination was
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performed in sequence by rinsing with soapy water, deionized water, and isopropyl alcohol,
followed with a final rinse of deionized water. The bladder pump was decontaminated by
running the decontamination fluids through the pump head. Equipment was then air dried before
use. The bladder pump was wrapped in aluminum foil, with the shiny side out, after
decontamination. Bailers, if needed, and tubing were not decontaminated because new items
were used for each well. To prevent damage to sensitive membranes, the water quality
instrument YSI 650, was thoroughly rinsed only with deionized water.

2.4 IDW Management

IDW generated during the March 2004 groundwater sampling event included groundwater,
decontamination water, and personal protective equipment. All IDW was managed and handled
in accordance with procedures described in the SAP (IT, 1996a).

An estimated total of 30 gallons of decontamination and purge water were generated from the
background monitoring wells. All liquid was contained in a labeled 55-gallon drum. Since off-
site background well PB-BED-MW29 is located on property not owned by NASA, purge water
generated from this well was not permitted to be staged at the NASA facility. Based on
historical background analytical resuits, all purge and decontamination water was disposed of as
a nonhazardous liquid at Evergreen Landfill in Northwood, Ohio. Soiled personal protective
gear and disposable field equipment generated during the project were double-bagged and placed
in an on-site industrial dumpster.
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3.0 -Analytical Program

Severn Trent Laboratories, Inc. (STL) of Knoxville, Tennessee, analyzed primary and field
duplicate project samples. STL’s Canton, Ohio laboratory provided analyses for water quality
parameters. Accutest Laboratory of Orlando, Florida analyzed the field split. Shaw performed
data validation for primary and field duplicate project samples. Datachek validated the field split
as part of the preparation of the chemical quality assurance report. The validation summary for
the primary and duplicate samples analyzed by Severn Trent is provided in Appendix C. The
analytical results are summarized in Appendix D. Tables of detected hits that exclude “B”-
qualified data (data that were not detected significantly above method blank or field blank levels)
are included in Appendix E. A data quality evaluation is located in Appendix F. Chain-of-
custody documentation is provided in Appendix G.

3.1 Analytical Program and Methodologies

Chemical analyses for the investigation were performed in accordance with guidelines detailed in
the Environmental Protection Agency’s (EPA) Test Methods for Evaluating Solid Waste (SW-
846), Physical/Chemical Methods, Third Edition (EPA, 1986) and subsequent revisions and EPA
600/4-79-020, Method for Chemical Analysis of Water and Wastes (EPA, 1983). The
groundwater samples and associated quality assurance/quality control samples were analyzed for
VOCs, SVOCs, metals, nitroaromatics, and several water quality parameters. Methods used for
analysis of groundwater during the ninth quarterly sampling event are summarized in Table 3-1.

All data analyzed were reviewed for accuracy and completeness. One hundred percent of the
data analyzed were subjected to data validation following guidelines in the EPA Contract
Laboratory Program National Functional Guidelines for Organic Data Review, October 1999
(EPA, 1999) and Contract Laboratory Program National Functional Guidelines for Inorganic
Data Review, February 2002 (EPA, 2002a). 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 Region 11l Modifications to National
Functional Guidelines for Organic Data Review, September 1994 (EPA, 1994) and Region 111
Modifications to the Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses (EPA, 1993). The procedure is outlined in Section 3.3.
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3.2 Data Quality Evaluation

The reliability of the sampling and analytical procedures used during the investigation was
demonstrated by implementing the project-specific quality assurance procedures specified in the
site-wide SAP (IT, 1996a) and QAPP (IT, 1996b) and their 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. A complete evaluation of the analytical results is given in the data quality
evaluation found in Appendix F.

3.3 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
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 practical quantitation limit
but is less than 5 times or 10 times the blank result, the sample result is qualified
“B.” The 10 times limit is applicable only for common laboratory contaminants
such as acetone, methylene chloride, 2-butanone, and certain phthalates.

o For organics, if the sample result is less than the practical quantitation limit and
less than 5 times or 10 times the blank result, the sample result is qualified “B.”
The “J” qualifier is not used.

« For inorganics, if the sample result is greater than the method 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 or 10 times the blank result, the sample
result is not qualified.
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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. Sample results are not corrected.

3.4 Comparison to Screening Criteria

This section describes a protocol that will be used in the baseline human health risk assessment
(BHHRA) to screen analytical data from site (i.e., non-background) monitoring wells. Site
analytical data will be screened in the BHHRA using risk-based screening concentrations
(RBSC), and inorganics detected in site samples will be screened against PBOW background
screening concentrations (BSC). RBSCs are described in Section 3.4.1 and BSCs are described
in Section 3.4.2. The BHHRA protocol for screening is depicted on Figure 3-1. Because only
background wells were sampled during the ninth quarterly event, screening values do not apply
~ to this most recent round of sampling.

The Section 4.0 table includes a column for maximum detected concentrations (MDC) and
BSCs. The MDC represents the maximum concentration of a particular analyte detected among
the background wells. Similar tables will be prepared for each area of concern in the BHHRA.
Although “B”-qualified data are identified on the tables, these results are not included in the
MDC because all “B”-qualified data will be removed during the BHHRA. Final MDC results for
the area of concern will be based on the overall maximum detected concentration for that area,
including all quarterly sampling events. BSC values will not be established until quarterly
background sampling is complete and a final determination is made as to which wells truly
represent background groundwater conditions. True background wells will be determined by
further groundwater quality assessment, analytical data comparison with upgradient background
wells PB-BED-MW28 and PB-BED-MW?29, and additional groundwater flow mapping.
Therefore, BSC values for inorganics are denoted by “to be determined” (TBD) in the Section
4.0. One additional background groundwater sampling event is scheduled to be conducted (June
2004) prior to the completion of the RI; the BSCs for inorganics will be based on the resulting
data set. These BSC values will be included in the RI and the BHHRA.

3.4.1 Risk-Based Screening

Site groundwater analytical results will be compared to RBSCs in the BHHRA. Groundwater
RBSCs are derived from EPA Region 9 preliminary remediation goals tap water criteria, based
either on chronic noncancer or cancer effects (EPA, 2002b). For noncancer effects, RBSCs are
adjusted to a hazard quotient (HQ) of 0.1. Adjusting the HQ downward accounts for possible
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additive effects of multiple chemicals during risk-based screening. For cancer-based effects,
both RBSCs and preliminary remediation goals are based on an incremental lifetime cancer risk
(ILCR) of 1E-6. Some chemicals exhibit both chronic noncancer and cancer effects. For these
chemicals, the RBSC represents either an HQ of 0.1 or an ILCR of 1E-6, whichever results in a
lower concentration. The RBSCs are based on a generalized residential drinking water scenario,
assumed to be the most restrictive use of groundwater. It is emphasized that RBSCs do not
imply a regulatory limit or mandated cleanup level.

In the BHHRA, each chemical with an MDC less than the RBSC will not be considered further.
Those chemicals whose MDCs exceed RBSCs will be subject to further evaluation. Risk-based
screening is the initial step of the risk screening and evaluation protocol, depicted on Figure 3-1,
that will be used in the BHHRA. Based on the findings of the BHHRA, a chemical exceeding its
RBSC may or may not be subject to cleanup. No attempt was made to develop RBSCs for
ubiquitous, nutritionally essential elements unlikely to be toxic at concentrations ordinarily found
in environmental media and for which toxicity values are unavailable (e.g., calcium, magnesium,
potassium, and sodium).

3.4.2 Background Screening

Background screening in the BHHRA will apply only to inorganic constituents that exceed
RBSCs. Although certain organic compounds in site groundwater (benzene, toluene,
ethylbenzene, xylenes, and polynuclear aromatic hydrocarbons) may be attributable to
background conditions, these will not be summarily screened out, but rather will be carried
through the risk assessment process (i.e., exposure assessment, toxicity assessment, risk
characterization), unless screened out on the basis of comparison to RBSCs as described in
Section 3.4.1. Final PBOW BSCs will be based on either the 95th upper tolerance limit or the
MDC of the background data set (when generated), whichever is less.

BSC values can be finalized only after additional background groundwater samples are collected
and a subsequent evaluation of flow direction is performed to determine which wells are truly
representative of background conditions. Evaluation of the groundwater flow direction will be
made from the March 2004 newly installed wells. Confirmation of the flow direction will be
included in a final background summary report anticipated to be submitted in November 2004.
Therefore, values for the BSC column on the table in Section 4.0 are left as “TBD.” The
finalized BSCs will be included in analogous tables in the RI as points of reference, but
screening on the basis of background is performed in the BHHRA.
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3.4.3 Screening and Risk Evaluation Protocol

Figure 3-1 depicts how risk-based and background screening support the risk assessment
decision process that will be applied in the BHHRA. As described in Section 3.4.1 and 3.4.2, the
on-site groundwater MDC for a given inorganic analyte that exceeds its RBSC will be screened
against its BSC. The “further evaluation” box shown on Figure 3-1, just before the “risk
management decision” may include a spatial analysis of site analytical data to determine if
elevated concentrations of chemicals that exceed risk criteria are found in small isolated plumes
or are evenly distributed throughout the site. This analysis would also examine the potential
effect of the distribution on remediation decisions. A geochemical evaluation may be performed
for inorganics to further determine whether apparent exceedances in groundwater may be
associated with background groundwater conditions.
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4.0 Analytical Results

4.1 Groundwater Sampling Events

In March 2004, background groundwater samples representative of high groundwater levels, or
wet season conditions, were collected. The background samples were collected from the same
monitoring wells sampled in November 1997 and May 1998 (BG8-BEDGW-001 and PB-BED-
MW20) as well as from the other background wells (PB-BED-MW24, PB-BED-MW25,
PB-BED-MW?28, and PB-BED-MW29). A groundwater sample was not collected from
background well PB-BED-MW26 due to insufficient water. A quarterly sampling schedule was
chosen for these wells to obtain background bedrock groundwater data to determine if similar
patterns or trends of chemical constituents are present and thus establish background
groundwater constituent concentrations for the bedrock groundwater.

Field measurements of groundwater collected during purge activities of background monitoring
wells are shown on page 2 of the sample collection logs in Appendix B. Final measurements
representative of the groundwater samples collected are shown on Table 2-2. These results are
summarized as follows:

» Temperatures of March 2004 groundwater samples ranged from 9.13 degrees
Celsius (°C) (PB-BED-MW29) to 10.91°C (PB-BED-MW?20).

e Final turbidity readings in 4 of the 6 wells was 0 nephelometric turbidity units
(NTU), with the highest level recorded at 10.2 NTUs in well PB-BED-MW29.

o Conductivity measurements were typically below 2.0 micromhos per centimeter
(umhos/cm). Higher recordings were observed in wells PB-BED-MW29 (9.207
umhos/cm) and PB-BED-MW20 (48.57 umhos/cm).

¢ Ogxidation-reduction potential (Eh) measurements of groundwater samples ranged
from 42.8 millivolts (mV) (BG8-BEDGW-001) to -310.3 mV (PB-BED-MW24).
The positive and negative Eh values are indicative of oxidizing and reducing
environments, respectively.

All of the dissolved oxygen values were found at measurements of 0.0 parts per
million (ppm) except for well BG§-BEDGW-001 that exhibited a concentration of
5.51 ppm.
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4.2 Analytical Results s

The following sections present the blank-evaluated results of the first through the ninth quarterly
sampling events. As a comparison tool, the November 1997, May 1998, and previous results are
shown on Figure 2-1 with the March 2004 data. Analytical detections for the first through ninth
quarters are presented in Table 4-1. All ninth quarter analytical data are presented in
Appendices C and D.

4.2.1 Background Monitoring Wells

Due to an indentation in the PVC riser of overburden background well IT-MWO01, groundwater
was not collected during the September-October 2001 (first quarter), January 2002 (second
quarter), or April 2002 (third quarter) sampling events. Groundwater from the well was purged
and sampled during the July 2002 (fourth quarter), October 2002 (fifth quarter) and April 2003
(sixth quarter) sampling events using a peristaltic pump. Groundwater for VOC analysis was
collected and inserted into the appropriate sample bottle by a pipetting action using the Teflon®-
lined tubing for each event. No additional sampling of the well was scheduled following April
2003. Figure 2-1 shows the location of the overburden/shale background well.

Seven bedrock wells were selected to be sampled on a quarterly basis to determine background
bedrock groundwater values. These background bedrock monitoring wells are PB-BED-MW20,
PB-BED-MW24, PB-BED-MW25, BG8-BEDGW-001, PB-BED-MW26, PB-BED-MW28, and
PB-BED-MW?29 (Figure 2-1). Groundwater from the background bedrock wells was sample by
using either low-flow sampling procedures or by a bailer. Groundwater was analyzed for VOCs,
SVOCs, nitroaromatics, metals (total and dissolved), cyanide, and water quality parameters.

Previous and current groundwater sampling results of background overburden/shale and bedrock
monitoring wells are described in the following subsections.

4.2.2 Overburden/Shale

September/October 2001, Dry Season Sampling Event (First Quarterly). Due to an
indentation of the PVC riser, monitoring well IT-MWO1 could not be sampled.

January 2002, Wet Season Sampling Event (Second Quarterly). On January 16, 2002,
an attempt was made to repair IT-MWO1. As with the September-October 2001 sampling, an
indentation of the PVC riser (2 feet below the top of the casing) prevented sampling equipment

KN4\PBOW\9th Qtr\Text 9th\6/8/200419:04 AM

42



PBOW - Ninth Quarterly
(March 2004) Background GW
Report

Section: 4.0

Revision No.: 0

Date: June 2004

(pump and bailer) from reaching groundwater in the well. Review of the IT-MWO01 well
construction diagram showed that the bottom of the only riser joint (3.2 feet stickup to 4 feet
below ground surface) is located within the filter pack. Therefore, this precluded removal of the
riser for replacement. Attempts by the sampling personnel were not successful to remove or
push back the indentation in the riser.

April 2002, Wet Season Sampling Event (Third Quarterly). Due to an indentation of the
PVC riser, monitoring well IT-MWO1 could not be sampled.

July 2002, Dry Season Sampling Event (Fourth Quarterly). No nitroaromatics or
SVOCs were detected in the overburden background well. Two VOCs, acetone and methylene
chloride, were detected and both values were “B” qualified. Several unfiltered and filtered
metals were detected. Aluminum, barium, cobalt, copper, iron, manganese, nickel, and zinc
were detected in both phases (Table 4-1).

October 2002, Dry Season Sampling Event (Fifth Quarterly). No nitroaromatics or
SVOCs were detected in the overburden background well. One VOC, 2-butanone, was detected
and it was “B” qualified. Twenty-one unfiltered and 12 filtered metals were detected (Table
4-1).

April 2003, Wet Season Sampling Event (Sixth Quarterly). No nitroaromatics were
detected in the overburden background well. Two VOCs, acetone and carbon disulfide, and one
SVOC, diethyl phthalate, were detected. Acetone and diethyl phthalate were both “B” qualified.
Sixteen unfiltered and 16 filtered metals were detected (Table 4-1).

September 2003, Dry Season Sampling Event (Seventh Quarterly). Overburden/shale
monitoring well IT-MWO01 was not scheduled to be sampled.

December 2003, Dry Season Sampling Event (Eighth Quarterly). Overburden/shale
monitoring well IT-MWO01 was not scheduled to be sampled.

March 2004, Wet Season Sampling Event (Ninth Quarterly). Overburden/shale
monitoring well IT-MWO01 was not scheduled to be sampled.
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4.2.3 Summary of Overburden/Shale Sampling Events

No nitroaromatics have been detected in the overburden groundwater from well IT-MWO01
during the sampling events from November 1997 to April 2003. Six VOCs have been detected,
and all but one detection of toluene (May 1998 - 22 micrograms per liter [pg/L]) and carbon
disulfide (April 2003 - 0.1 ug/L) were “B” qualified. One SVOC (diethyl phthalate — April
2003) was detected, but it was “B” qualified. A total of 22 unfiltered and 16 filtered metals have
been detected.

4.2.4 Bedrock

September-October 2001, Dry Season Sampling Event (First Quarterly). No
nitroaromatic compounds were detected in groundwater samples from the background
monitoring wells. Six VOCs (acetone, benzene, ethylbenzene, methylene chloride, toluene, and
total xylenes) were detected in well PB-BED-MW24, and 9 VOCs (acetone, benzene, carbon
disulfide, chloroform, ethylbenzene, 4-methyl-2-pentanone, methylene chloride, toluene, and
total xylenes) were detected in well PB-BED-MW25. SVOC bis(2-ethylhexyl)phthalate was
detected in wells PB-BED-MW20 and PB-BED-MW25. Four SVOCs (2,4-dimethylphenol, 2-
methylnaphthalene, naphthalene, and phenol) were also detected in well PB-BED-MW24. In the
sample from well BG§-BEDGW-001, 9 unfiltered and 8 filtered metals were detected, 13
unfiltered and filtered metals were detected in PB-BED-MW20, 8 unfiltered and 7 filtered metals
were detected in PB-BED-MW?24, and 9 unfiltered and 9 filtered metals were detected in PB-
BED-MW25 (Table 4-1).

January 2002, Wet Season Sampling Event (Second Quarterly). No nitroaromatic
compounds were detected in any of the background bedrock monitoring wells. The VOC
toluene was detected in the groundwater sample from well PB-BED-MW20; benzene, toluene,
ethylbenzene, total xylenes, 2-butanone, carbon disulfide, and chloromethane were detected in
well PB-BED-MW24: and carbon disulfide was detected in well PB-BED-MW25. Naphthalene
and 2-methylnaphthalene were the only SVOCs detected, and they were found in well PB-BED-
MW?24. In the groundwater samples from the following wells, the numbers of filtered and
unfiltered metals that were detected are listed in parentheses: BG8-BEDGW-001 (11 unfiltered
and 11 filtered), PB-BED-MW20 (10 unfiltered and 10 filtered), PB-BED-MW24 (10 unfiltered
and 10 filtered), and PB-BED-MW25 (10 unfiltered and 7 filtered). All of the bedrock wells
exhibited unfiltered thallium detections that were noted with a “B” validation qualifier. The “B”
validation qualifier means that thallium was not detected at a level significantly greater than that
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found in the associated method blanks or field blanks. Due to a low water column, only
unfiltered metals were sampled in well PB-BED-MW26. Analyte detections in well PB-BED-
MW26 included aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper,
iron, lead, manganese, mercury, nickel, vanadium, and zinc. Unfiltered metals detections from
bmonitoring well PB-BED-MW26 were compared with analytical results from the other sampled
wells, and the results from PB-BED-MW26 were anomalously high. Therefore, these results
were considered to be outliers and will not be used in the determination of BSC values. (Table
4-1).

April 2002, Wet Season Sampling Event (Third Quarterly). Three nitroaromatic
compounds were detected in background bedrock wells. Nitrobenzene was detected in wells PB-
BED-MW20, PB-BED-MW24, and PB-BED-MW?25. Nitroaromatics 2,6-DNT and cyclo-
trimethylenetrinitramine (RDX) were detected in PB-BED-MW24. VOCs acetone and total
xylenes were detected in well BG8-BEDGW-001, while VOCs acetone, benzene, toluene,
ethylbenzene, total xylenes, 2-butanone, and carbon disulfide were detected in well PB-BED-
MW?24 and carbon disulfide, methylene chloride, and toluene were detected in well PB-BED-
MW?25. The only SVOCs that were detected were naphthalene and 2-methylnaphthalene in well
PB-BED-MW24. The groundwater sample from well BG§-BEDGW-001 contained 11
unfiltered and 9 filtered metals, well PB-BED-MW?20 contained 13 unfiltered and 12 filtered
metals, well PB-BED-M W24 contained 7 unfiltered and 8 filtered metals, and well PB-BED-
MW?2S5 contained 9 unfiltered and 8 filtered metals (Table 4-1).

July 2002, Dry Season Sampling Event (Fourth Quarterly). No nitroaromatic
compounds were detected in the groundwater samples of the background monitoring wells.
VOCs acetone and 2-butanone were detected in the groundwater sample from well BG8-
BEDGW-001; acetone, benzene, bromomethane, 2-butanone, and toluene were detected in well
PB-BED-MW?20; and acetone, benzene, 2-butanone, ethylbenzene, toluene, and total xylenes
were detected in well PB-BED-MW24. Acetone and carbon disulfide were detected in well PB-
BED-MW25. SVOC bis(2-ethylhexyl)phthalate was detected in wells BG8-BEDGW-001, PB-
BED-MW24, and PB-BED-MW25. The groundwater sample from monitoring well PB-BED-
MW?24 also exhibited SVOCs 2,4-dimethyphenol, 2-methylnaphthalene, and naphthalene. The
groundwater sample from well BG8-BEDGW-001 showed detections of 12 unfiltered and 11
filtered metals; well PB-BED-MW?20 contained 10 unfiltered and 10 filtered metals; well PB-
BED-MW24 detected 16 unfiltered and 7 filtered metals; and groundwater samples in well PB-
BED-MW?25 exhibited 8 unfiltered and 9 filtered metals (Table 4-1).
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October 2002, Dry Season Sampling Event (Fifth Quarterly). One nitroaromatic
compound, nitrobenzene, was detected and it was found in background well PB-BED-MW?25.
VOCs acetone and carbon disulfide were detected in the groundwater sample from well BG8-
BEDGW-001; benzene, carbon disuifide, and toluene were detected in the sample from Well PB-
BED-MW20; benzene, ethylbenzene, toluene, total xylenes, and carbon disulfide were shown in
well PB-BED-MW24; and acetone, benzene, total xylenes, and carbon disulfide were found in
the groundwater sample from well PB-BED-MW?25. The only SVOC that was detected was
2-methylnaphthalene, and it was from monitoring well PB-BED-MW24. The groundwater
sample from well BG8-BEDGW-001 exhibited 9 unfiltered and 9 filtered metals; well PB-BED-
MW?20 showed 12 unfiltered and 11 filtered metals; well PB-BED-MW24 exhibited 9 unfiltered
and 9 filtered metals; and well PB-BED-MW?25 showed 9 unfiltered and 9 filtered metals
detections (Table 4-1).

April 2003, Wet Season Sampling Event (Sixth Quarterly). One nitroaromatic
compound, RDX, was detected in well PB-BED-M W20, and one nitroaromatic compound,
2,4,6-TNT, was detected in well PB-BED-MW24. Although RDX was detected, it was not
manufactured at PBOW. VOCs acetone (B qualified) and 2-butanone were detected in the
groundwater sample from well BG8-BEDGW-001; benzene, carbon disulfide, and methylene
chloride (B qualified) were detected in the sample from well PB-BED-MW20; acetone, benzene,
ethylbenzene, methylene chloride, toluene, and total xylenes were detected in well PB-BED-
MW24; and carbon disulfide was detected in well PB-BED-MW25. The only SVOCs detected
were 2-methylnaphthalene and naphthalene in the groundwater sample from well PB-BED-
MW24. The groundwater sample from well BG8-BEDGW-001 showed detections of 10
unfiltered and 11 filtered metals; well PB-BED-MW20 showed detections of 12 unfiltered and
10 filtered metals; well PB-BED-MW24 exhibited 10 unfiltered and 8 filtered metals; and well
PB-BED-MW?25 showed detections of 9 unfiltered and 11 filtered metals (Table 4-1).

September 2003, Dry Season Sampling Event (Seventh Quarterly). One
nitroaromatic compound (4-amino-2,6-dinitrotoluene) was detected and it was found in the
groundwater sample from background monitoring well PB-BED-MW20. The compound was
“J” qualified, meaning it was detected but it was below the laboratory’s reporting limit. VOCs
acetone and total xylenes were detected in the groundwater sample from well PB-BED-MW29
and benzene, toluene, and total xylenes were detected in well PB-BED-MW24. No SVOCs were
detected in groundwater samples from any well above laboratory reporting limits. The
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groundwater sample from well BG8-BEDGW-001 showed detections of 9 unfiltered and 9
filtered metals; well PB-BED-M W20 exhibited 13 unfiitered and 13 filtered metals; well PB-
BED-MW24 contained 8 unfiltered and 9 filtered metals; and well PB-BED-MW?25 showed
detections of 10 unfiltered and 9 filtered metals. The groundwater sample in the newly installed
background well PB-BED-MW28 exhibited 11 unfiltered and 11 filtered metals detections, while
newly installed well PB-BED-MW29 showed 11 unfiltered and 12 filtered metals detections
(Table 4-1).

December 2003, Dry Season Sampling Event (Eighth Quarterly). No nitroaromatic
compounds were detected in the groundwater sampies of the background monitoring wells. The
'VOCs carbon disulfide and chloromethane were detected in the groundwater sample from well
BG-BEDGW-001; benzene, carbon disulfide, and toluene (B qualified) were detected in well
PB-BED-MW?20; carbon disulfide, benzene, ethyl benzene, toluene, and total xylenes detected in
well PB-BED-MW?24; carbon disulfide in well PB-BED-MW25; chloromethane, benzene, ethyl
benzene, toluene, and total xylenes in well PB-BED-MW28; and carbon disulfide,
chloromethane, benzene, ethyl benzene, and total xylenes in well PB-BED-MW29. The SVOCs
2-methylnaphthalene and naphthalene were detected in the groundwater sample from well PB-
BED-MW24, The groundwater sample from well BG8-BEDGW-001 showed detections of 10
unfiltered and 11 filtered metals; well PB-BED-MW20 exhibited 10 unfiltered and 10 filtered
metals; well PB-BED-MW24 contained 10 unfiltered and 7 filtered metals; well PB-BED-
MW?25 showed detections of 10 unfiltered and 8 filtered metals; well PB-BED-MW28 exhibited
10 unfiltered and 10 filtered metals detections; and well PB-BED-MW?29 showed 12 unfiltered
and 12 filtered metals detections (Table 4-1).

March 2004, Wet Season Sampling Event (Ninth Quarterly). No nitroaromatic
compounds were detected in the groundwater samples of the background monitoring wells.
VOC carbon disulfide was detected in the groundwater sample from well BG-BEDGW-001;
acetone, benzene, carbon disulfide, methylene chloride (B qualified), and toluene were detected
in well PB-BED-MW20; benzene, carbon disulfide, ethyl benzene, toluene, and total xylenes
detected in well PB-BED-MW24; carbon disulfide and toluene in well PB-BED-MW25; acetone,
carbon disulfide, chloromethane, methylene chloride, benzene, and toluene in well PB-BED-
MW28; and acetone, carbon disulfide, methylene chloride, benzene, ethyl benzene, and total
xylenes in well PB-BED-MW29. No SVOCs were detected in the groundwater samples of the
background monitoring wells. The groundwater sample from well BG8-BEDGW-001 showed
detections of 9 unfiltered and 10 filtered metals; well PB-BED-MW20 exhibited 11 unfiltered

KN4\PBOW\9th Qtr\Text 9th\6/8/2004\9:04 AM

4-7



PBOW - Ninth Quarterly
(March 2004) Background GW

Report

Section: 4.0
Revision No.: 0
Date: June 2004

and 11 filtered metals; well PB-BED-MW24 contained 9 unfiltered and 8 filtered metals; well

PB-BED-MW25 showed detections of 8 unfiltered and 7 filtered metals; well PB-BED-MW?28
exhibited 11 unfiltered and 11 filtered metals detections; and well PB-BED-MW29 showed 11

unfiltered and 10 filtered metals detections (Table 4-1).

4.2.5 Summary of Bedrock Sampling Events

Four nitroaromatics (2,6-DNT, nitrobenzene, RDX, and 2,4,6-TNT) were detected in the three
bedrock wells sampled during the background groundwater sampling events November 1997 to
March 2004. Nitrobenzene was found in the groundwater samples from wells PB-BED-MW20
(April 2002), PB-BED-MW24 (April 2002), and PB-BED-MW25 (April and October 2002).
Nitroaromatics 2,6-DNT, RDX, and 2,4,6-TNT were detected in groundwater samples from PB-
BED-MW24 (April 2002). No nitroaromatics have been detected in groundwater samples from
background wells BG8-BEDGW-001, PB-BED-MW?28, and PB-BED-MW29. Background well
BGS8-BEDGW-001 has commonly exhibited VOCs acetone, 2-butanone, carbon disulfide,
chloromethane, methylene chloride, and total xylenes. Benzene, ethylbenzene, toluene, total
xylenes, carbon disulfide, and methylene chloride have frequently been detected in the
groundwater samples from wells PB-BED-MW20, PB-BED-MW24, PB-BED-MW28, and PB-
BED-MW?29. Acetone, benzene, total xylenes, and carbon disulfide have been detected in the
groundwater samples in well PB-BED-MW25. SVOCs naphthalene and 2-methylnaphthalene
have frequently been detected but only in well PB-BED-MW24. Twenty-two different unfiltered
and 19 filtered metals were detected in groundwater samples from the background wells.
Excluding the nutritionally essential compounds (calcium, magnesium, potassium, and sodium),
barium, iron, and manganese were the metals most commonly detected in the unfiltered and

filtered samples.
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5.0 Planned Activities

The following activities are scheduled:

» Continued monitoring and collection of groundwater samples from the seven
existing background bedrock monitoring wells. The remaining sampling event is
scheduled for June 2004.

e Reporting of the tenth quarterly (June 2004) background groundwater analytical
data and field activities in a 2004 Groundwater Data Summary and Evaluation
Report. This report will present all background groundwater analytical results,
conclusions, and calculated background screening concentrations.
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Plum Brook Ordnance Works, Sandusky, Ohio, Nashville, Tennessee, Revised 2 February.

U.S. Army Corps of Engineers (USACE), 2001, Scope of Work; Groundwater Remedial
Investigation of TNT and Red Water Ponds Areas, Former Plum Brook Ordnance Works,
Sandusky, Ohio, Nashville, Tennessee, Revised 19 March.

U.S. Environmental Protection Agency (EPA), 2002a, Contract Laboratory Program National
Functional Guidelines for Inorganic Data Review, February.

U.S. Environmental Protection Agency (EPA), 2002b, Region 9 Preliminary Remediation Goals
(PRG), 2002 Update, online, 1 October.

U.S. Environmental Protection Agency (EPA), 1999, Contract Laboratory Program National
Functional Guidelines for Organic Data Review, October.

U.S. Environmental Protection Agency (EPA), 1994, Region I1I Modifications to National
Functional Guidelines for Organic Data Review, September.

U.S. Environmental Protection Agency (EPA), 1993, Region III Modifications to the
Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses, April.

U.S. Environmental Protection Agency (EPA), 1986, Test Methods for Evaluating Solid Waste
(SW-846), Physical/Chemical Methods, Third Edition, September.

U.S. Environmental Protection Agency (EPA), 1983, Method for Chemical Analysis of Water
and Wastes, EPA 600/4-79-020, March.
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Table 11

Summary of Background Investigations
Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundwater
Investigation Level
Conducted By | Date of Activity Conditions Designation Activity
IT August 2001 Dry Groundwater Ri Included installation of 3 background bedrock wells.
T September- D 1st Quarteriy Low-flow groundwater sample collection from background wells
October 2001 y Background and selected non-background wells.
2nd Quarterly .
IT January 2002 Wet Background Low-flow groundwater sample collection from background wells.
. 3rd Quarterly Low-flow groundwater sample collection from background wells
T April 2002 Wet Background and selected non-background wells.
a 4th Quarterly . .
Shaw July 2002 Dry Background Low-flow groundwater sample collection from background wells.
5th Quarterly .
Shaw October 2002 Dry Background Low-flow groundwater sample collection from background wells.
Shaw April 2003 Wet 6th Quarterly Low-flow groundwater sample collection from background wells
Background ’
7th Quarter| Low-flow groundwater sample collection from background wells,
Shaw September 2003 Dry _ y including new background wells PB-BED-MW28 and PB-BED-
Background
Mw29.
Shaw December 2003 D 8th Quarterly Low-flow groundwater sample collection from background wells
ry Background 9 P g ’
Sth Quarterly .
Shaw March 2004 Wet Background Low-flow groundwater sample collection from background wells.

RI - Remedial Investigation.

IT - IT Corporation.

“Shaw - IT Corporation was purchased by Shaw Environmental and Infrastructure, inc. June 6, 2002 and
given the name Shaw Environmental, Inc.
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Table 21

Summary of Groundwater Samples Collected
Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

Woell identification Sample Identification Sample Date Number
IT-BG8-BEDGW-001 PBOW-04-IT-BG8-BEDGW-001-DE3000 " 11-MAR-04 DE3000
PB-BED-MW20 PBOW-04-GW-PB-BED-MW20-DE3001 10-MAR-04 DE3001
PB-BED-MW24 PBOW-04-PB-BED-MW24-DE3002 10-MAR-04 DE3002
PB-BED-MW25 PBOW-04-PB-BED-MW25-DE3003 11-MAR-04 DE3003
PB-BED-MW28 PBOW-04-GW-PB-BED-MW28-DE3004 09-MAR-04 DE3004
PB-BED-MW29 PBOW-04-GW-PB-BED-MW29-DE3005 10-MAR-04 DE3005
PB-BED-MW25 PBOW-04-PB-BED-MW25-DE3006 11-MAR-04 DE3006°
PB-BED-MW25 PBOW-04-PB-BED-MW25-DE3007 11-MAR-04 DE3007°

? Field duplicate.
® Field split.
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Table 2-2

Final Field Measurements of Groundwater Samples
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 3)

KNAPBOWAGth Qin\Table 2-212-2\6/8/2004\11:55 AM

Volume
Low-Flow| PID H,S Eh Conductivity| Turbidity | Dissolved O, | Temperature | Purged
Well identification Date Time | Sampled | (ppm) | (PPm) | (mV) | pH | (ymhos/cm) | (NTU) __(ppm) (*C) (gal)
‘ Background Overburden Well (1997 through March 2004)
IT-MWO1 11/19/1997 | NA No 0 NM 582 | 67 0.512 1.0 10.57 9.6 6.5
5/16/1998 NA No 0 NM 57.3 | 6.23 0.447 0.0 13.13 14.2 8
9/27/2001 | 1040 NA NM NM Not sampled. Riser section dented and prohibited bailer from entering well.
1/16/2002 NA NA NM NM Not sampled. Riser section dented and prohibited bailer from entering well.
4/2/2002 NA NA NM NM Not sampled. Riser section dented and prohibited bailer from entering well.
7/10/2002 | 0900 No 0 0 -8 6.28 0.590 3.7 5.08 17.76 4
10/16/2002 | 0925 No 0.0 0.0 -28 6.22 0.765 3.6 3.41 14.4 3.09
4/9/2003 1040 No 0.0 0.0 134.16] 5.22 0.572 45.0 8.08 545 6
9/3/2003 NA NA NM NM Not sampled.
12/10/2003 | NA NA NA NA Not sampled.
3/10/2004 NA NA NA NA Not sampled.
Background Bedrock Wells (1997 through March 2004)
0O, - Oxygen. 11/17/1997 | NA No 0 NM -245.3| 7.21 3.31 321 6.83 10.5 30
5/15/1998 NA No 0.1 NM -36.2 | 7.80 151 10 -8.00 13.0 27.73
9/27/2001 | 1220 Yes 0.0 NM -339 | 13.03 3.75 0.0 0.00 12.65 2.97
1/16/2002 1450 Yes 0.0 0.0 -79 7.38 0.856 2.8 0.00 10.69 2.22
4/3/2002 1127 Yes 0.0 0.0 220 | 7.25 0.43 4.7 NM 6.7 3
7/12/2002 | 0920 Yes 0 Y] -258 | 7.21 3.68 10.3 0.41 13.45 5
10/18/2002 | 1050 Yes 0.0 0.0 -307 | 5.97 3.88 16.5 1.73 14.2 4.0
4/10/2003 | 1545 Yes 1.1 0.0 645 | 7.79 0.656 23 NM 8.61 3
9/18/2003 | 1550 Yes 0.0 0 -307.9| 6.84 3.429 0.0 1.92 15.72 2
12/10/2003 | 1620 Yes 0.0 0 -50.8 | 7.23 0.988 0.0 0.31 11.11 3
3/1172004 T 1405 Yes 0.0 0 428 | 7.16 | 0.983 0.0 5.51 9.21 2.7
PB-BED-MW20 11/17/1997 | NA No 0 NM -247 | 6.74 48.5 563 4.14 9.4 27
5/28/1998 NA No 0.1 NM NM | 6.65 38.1 999 12.80 13.0 58
9/26/2001 1415 No 0.0 NM -73 8.95 53.60 53.5 0.00 10.54 10.33
1/15/2002_| 1415 Yes 1.6 0.0 -55 | 6.83 52.60 15.0 0.00 7.22 1
4/4/2002 1013 Yes 0.0 NM 51 7.07 53 0.0 0.00 10.37 1.9
7/10/2002 | 1600 Yes 0 0 -57 6.73 52.9 NR 0 13.85 3.5
10/17/2002 | 1510 No 0.0 0.0 -32 5.69 56.3 10.8 3.38 11.60 24
4/11/2003 | 1050 Yes 0.9 0.0 643 | 6.96 49.75 3.7 9.23 10.17 2.8
9/18/2003 | 0845 Yes 0.0 0 -96 | 6.43 49.71 0.0 0.38 11.97 1.8
12/10/2003 | 1200 Yes 0.0 0 -30.2 | 6.68 51.46 0.1 0.46 8.86 1.5
3/10/2004 | 1525 Yes 0.0 0 -55.7 | 6.70 48.57 0.0 0.0 10.91 0.75




Table 2-2

Final Field Measurements of Groundwater Samples
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 3)
Volume
Low-Flow| PID H,S Eh Conductivity| Turbidity | Dissoived O, | Temperature | Purged
Well Identification Date Time | Sampled | (ppm)| (ppm) | (mV) | pH | (umhos/cm)| (NTU) (ppm) (°C) (gal)
Background Bedrock Welis (1997 througﬁh March 2004), continued .
PB-BED-MW24 10/9/2001 | 0935 Yes NM NM -144 | 9.38 1.81 733 5.32 11.20 2.99
1/17/2002 | 1005 Yes 114 0.0 -333 | 6.82 1.99 2.5 0.00 9.69 2,11
4/3/2002 1730 Yes 76.0 0.0 -318 | 7.06 1.98 0.0 NM 10.71 1.8
7/12/2002 | 1405 Yes 84.1 >500 -358 | 6.66 1.88 350 0 12.93 4.5
10/19/2002 | 1110 No 58.2 >50 -297 | 6.30 1.85 22.3 5.62 12.20 4.5
4/9/2003 1530 Yes 5.6 >200 | -337.7| 6.64 1.753 0.0 0.0 9.98 3.3
9/17/2003 | 1320 Yes 62.9 >500 |-323.0f 6.14 1.637 0.0 4.88 13.00 3.26
12/10/2003 | 1035 Yes 58.3 >50 -331.7] 6.61 1.408 0.0 -1.99 10.06 3.2
3/10/2004 | 1305 Yes 56.8 156 -310.3| 6.54 1.700 34 0.0 10.84 2.1
PB-BED-MW25 10/5/2001 | 0920 Yes 0.0 0.01 -237 | 10.58 1.89 5.7 2.41 11.90 3.67
1/16/2002 | 1030 Yes 0.0 0.0 291 | 7.23 242 5.8 0.00 10.54 4.44
4/3/2002 1120 Yes NM NM -333 | 8.46 2.62 2.7 0.01 10.90 8
7/11/2002 | 1115 Yes 0 0 -302 | 7.19 1.86 1.9 0 12.92 8
10/17/2002 | 1035 Yes 0.0 0.0 -290 | 6.56 2.96 2.1 1.69 12.00 6.0
4/10/2003 | 1035 Yes 0.0 0.0 -333.8] 7.22 2.817 3.7 NM 10.93 5.5
9/18/2003 | 1220 Yes 0.3 0.0 -296.2| 6.98 1.707 0.0 0.22 13.91 5.5
12/11/2003 | 1355 Yes 0.0 0 -325.6| 7.11 1.509 0.0 0.10 10.82 3.6
371172004 915 Yes 0.0 0.0 -303.41 7.01 1.605 0.0 _0.00 10.85 5.2
PB-BED-MW26 10/10/2001 NA NA 3.6 NM No sample collected due to insufficient water volume.
1/15/02% 1030 No 2.2 0.21 -59 | 6.87 | 31.0 [ 999 | 8.04 | 8.69 | 0.5
4/9/2002 NA NA NM NM No sample collected due to insufficient water volume.
7/12/2002 NA NA 3.1 0 No sample collected due to insufficient water volume.
10/16/2002 | NA NA 6.0 0.0 No sample collected due to insufficient water volume.
4/8/2003 NA NA NM NM No sample collected due to insufficient water volume.
9/3/2003 NA NA NM NM No sample collected due to insufficient water volume.
12/10/2003 | NA NA NM NM No sample collected due to insufficient water volume.
3/10/2004 NA NA 15.6 0.00 No sample collected due to insufficient water volume.
PB-BED-MW28 9/17/2003 | 0915 Yes 0.0 0 -952 | 7.50 1.408 0.0 0.21 13.88 1.50
12/9/2003 | 1320 Yes 0.0 0 7.5 7.54 1.391 0.0 0.45 10.28 1.5
3/9/2004 1410 Yes 0.0 0 75.3 | 8.50 1.739 0.0 0 10.01 2.5
PB-BED-MW29 9/16/2003 | 1520 Yes 0.0 0 6.5 6.66 10.30 25.0 0.22 15.80 3.9
12/9/2003 | 1535 Yes 8.0 0 3.0 6.82 8.490 1.9 0.39 10.00 1.37
3/10/2004 | 1015 Yes 0.0 0 344 | 673 9.207 10.2 0.0 9.13 1.8
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Table 2-2

Final Field Measurements of Groundwater Samples
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

{Page 3 of 3)
Notes:
Water quality measurements recorded at time of sample collection. PID and H, S readings taken as monitoring well lid removed.

°C - Degrees Celsius.

Eh - Oxidation-reduction potential.
H,S - Hydrogen sulfide.

gal - Gallons.

umhos/cm - Micromhos per centimeter.
mV - Millivolts.

NA - Not applicable.

NM - Not measured.

NR - Not recorded.

NTU - Nephelometric turbidity unit.
PID - Photoionization detector.
ppm - Parts per million.

O, - Oxygen.

®Final water quality reading collected from last purged groundwater due to a very limited water volume. Well was purged
on 1/15/02 and sample was collected on 1/17/02 at 0820.
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Table 3-1

Summary of Analytical Parameters and Methods
Ninth Quarterly Groundwater Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

Sample Analytical Analytical
Matrix Parameters® Method”
Groundwater Nitroaromatic Compounds SW-846 8330M
(Monitoring Well) TCL Volatile Organic Compounds SW-846 5030/82608
TCL Semivolatile Organic Compounds SW-846 3510C/8270C
TAL Metals (T/D) SW-846 3005A/6010B/7470A
Turbidity EPA 180.1
Alkalinity EPA 310.1
Hardness EPA 200.7
Total Organic Carbon EPA 415.1
Total Dissolved Solids EPA 160.1
Total Suspended Solids EPA 160.2
Chloride EPA 325.2
Cyanide, total SW-846 9012A
Nitrate EPA 353.2
Sulfate EPA 375.4

#Target analyte list (TAL) and target compound list (TCL) are used to designate parameter lists with no
requirements for Contract Laboratory Program method quality control or data reporting packages

® Analyses found in the U.S. Environmental Protection Agency's (EPA), Test Methods for Evaluating Solid
Waste (SW-846), Physical/Chemical Methods, Third Edition, September 1996, Methods for Chemical
Analysis of Water and Wastes, March 1983, and their subsequent revisions.

T/D - Total and dissolved (i.e., filtered).
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Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 12)

Location: {T-BG8-BEDGW-001
Sample No.: 5410 5415 BD3007 CA3006 €B3007 CC3001 CD3001 DA3001 DC3000 DD3001 DE30600
Sampte Date: 17-Nov-97 15-May-98 27-Sep-01 16-Jan-02 3-Apr-02 12-Jui-02 18-Oct-02 10-Apr-03 18-Sep-03 10-Dec-03 11-Mar-04
Low-Flow Sample: No No Yes Yes Yes Yes Yes Yes Yes Yes Yes
Parameter TUnits]| MDC [BSC| Resut [ V@ | Resut [ VQ [ Resutt [ VQ | Resull [VQ | Resut [ VO | Resut TVQ | Resut | VO | Resut | VO | Resut [ V@[ Resut [ va | Resut T VQ
[EXPLOSIVES
IAmino-2 6-dinitrotoluene, 4- ug/t 0.19 NE
Dinitrotoluene, 2,6- ug/t 0.43 NE
Nitrobenzene uglL Q.33 NE
RDX ug/L 0.22 NE
Trinitrotoluene, 2,4,6- ug/L 0.081 NE
[VOLATILES
lAcetone ugil 170 NE 3.5 J 26 8 3.4 J 19 8
Benzene ug/L 110 NE
Bromomethane ug/L 0.27 NE
[Butanone, 2- ug/L 17 NE 32 B 0.53 J
Carbon disulfide ug/L 29 NE 0.65 J 0.43 J 0.3 J 0.19 J
Chioroform ug/L 1.1 NE
Chloromethane ug/L 13 NE 0.26 J
Ethylbenzene ug/L 38 NE
Methyl-2-pentanone, 4- ug/L 0.3 NE
Methylene chioride ug/L 21 NE 0.37 B
Toluene ug/L 100 NE
[Trichloroethene ug/l 0.59 NE
IXylenes, total ug/L 210 NE 0.38 B 1
ISEMIVOLATILES
Bis{2-ethylhexyl)phthalate ug/L 5.4 NE 1.7 J 4 8 4.3 B
liDiethyl phthalate ug/l 15 NE
|IDimethylphenol, 2,4- ug/L 1.1 NE
|[Methylnaphthalene, 2- ug/L 10 NE
lﬁaphthalene ug/L 8.7 NE
Phenol ug/t 14 NE
IMETALS-UNFILTERED
[Aluminum ug/L | 10200 } TBD 9020 307 51.6 B 787 B 31.5 J 65.2 B 83.6 B 141 B 101 B
Antimony ug/L 8 TBD
JArsenic ug/L 52.6 TBD 176 3.6 J
Barium ug/t. | 26900 | TBD 520 285 68 J 29.9 J 229 278 43.5 J 292 73.2 J 258 J
Beryllium ugil 46 TBD 12 B
Cadmium ug/l 1.5 TBD
Calcium ug/L | 22900004 TBD | 161000 57700 124000 J 91300 81500 134000 122000 66600 131000 86200 66800
{IChromium ugll | 182 | 1BD] 182 14 B
JiCobait ugh | 358 | TBD 124 J 1 J
liCopper_ ugt [ 722 | TBD 59.5 33 J
fliron ug/L | 52100 ] TBD | 27600 1230 J 204 118 B 38.2 J 1490 745 J 218 308
ead ug/L 101 TBD 26.3 6.8
agnesium ug/l §1040000] TBD 79500 18300 77300 38400 31700 73500 77000 29000 81900 37100 25000
Manganese ug/L 2240 | TBD 2240 130 716 107 29 688 51.1 35 63.8 166 3.6 J
ercury ug/l 045 | TBD
Nickel . ug/L 74.9 TBD 6.8 J 8.6 J 8.6 J 4.8 J 3.6 B
Potassium ug/L { 174000 | TBD 32900 41100 13300 2530 J 30500 41200 J 5290 J 42700 J 7630 2530 J
liSelenium ug/L 5 TBD
ISodium ug/L 9130000] TBD | 399000 459000 83200 23600 395000 462000 48900 471000 86300 21300
[Thallium ug/L 7.1 TBD 3.3 B 3.8 B 2.5 B 3.1 B
[Vanadium ug/l 359 | TBD
iZinc ug/lL 612 TBD 126 49.7 B 12.6 J 15.6 J 10 0.83 J 2.5 B 30.1 43 8
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Table 4-1

Detected Constituents in Background Monitoring Wells

Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Chio

(Page 2 of 12)

Location: 1T-BG8-BEDGW-001
Sample No.: 5410 5415 BD3007 CA3006 CB3007 CC3001 CD3001 DA3001 DC3000 DD3001 DE3000
Sampie Date: 17-Nov-97 15-May-98 27-Sep-01 16-Jan-02 3-Apr-02 12-Jul-02 18-Oct-02 10-Apr-03 18-Sep-03 10-Dec-03 11-Mar-04
Low-Fiow Sample: No No Yes Yes Yes Yes Yes Yes Yes Yes Yes
E’arame\er TOnits] MDC T BSC] Result | VQ Result | vQ Resull | vQ Resut | vQ Resuit [ vQ Result | VQ | Result | VQ Result | VQ Resut | vQ Resull | VQ Resut | VQ
METALS.- FILTERED
luminum ug/L 1470 TBD 56.6 B 83.6 B8 52 B 113 B 86.7 2] 113 B 75 8 61.6 B8
lJAntimony ug/L 0 TBD
senic ug/L 6.9 TBD
F;;rium ug/lL | 26200 | TBD 366 279 83.6 J 306 J 236 285 476 J 292 81.8 J 27.8 J
[Beryilium ug/L 1.5 | TBD 1.5 B
Cadmium ug/L 1.2 8D 1.2 J
Calcium ug/L 12570000} TBD | 121000 J 92100 125000 98300 82900 133000 127000 70000 131000 89500 J 66100
[Chromium ug/L 0 TBD
Cobalt ug/L 348 TBD 82 J 2.5 J
Copper ug/L 492 TBD
jron ug/it. 6180 TBD 563 169 216 1160 53.4 J 195 856
Lead ug/L 8.7 T8D
Magnesium ug/L | 1090000 TBD 72400 41000 77600 43300 32300 76000 79800 30400 81800 40000 24800
Manganese ug/L 1300 | TBD 1300 658 735 117 23.6 728 522 73.8 64 164 3.6 J
Mercury ug/t | 024 [ 7BD
lINickel ug/t | 829 | TBD 7 ] 85 4 9.8 J 4.8 J 4.8 J
IfPotassium ug/L | 173000 | TBD 32000 14400 40700 16700 2470 J 31000 43200 J 5930 J 42100 J 9680 J 2620 J
l[Selenium ug/lL 0 TBD
Sodium ug/L 19110000 TBD | 398000 138000 458000 121000 J 24400 382000 472000 62800 472000 112000 J 22400
Thallium ug/L 7.3 TBD 4.6 B 6.9 8 4.7 8 2.7 B 51 J
[Vanadium ug/L 8} TBD
Zinc ug/L 673 T8D 44.9 B 135 J 173 J 7.3 J 1.2 B8 58 J 359 3.9 B
IWATER QUALITY PARAMETERS
[Alkalinity ppm 979 NE 350 180 357 J 200 157 367 332 168 355 255 189
Chloride ppm | 34600 NE 780 34 932 78 632 J 896 999 77.7 1000 132 24.5
Cyanide, total ppm | 0.004 NE
Hardness ppm | 20000 NE 1000 340 719 380 314 647 687 320 710 313 340
ﬁ\litra(e ppm 22 NE 7.3 22 104 86 0.58 16 R
|[Nitrate-Nitrite ppm 0.2 NE 0.2
[Sulfate ppm 416 NE 70 45 283 68 633 9.2 11.2 57.5 23.3 54.4 46.4
[Total dissolved solids ppm | 43800 NE 1800 300 1980 500 458 2040 1870 174 1880 584 352
otal organic carbon ppm_ 9.9 NE 1 1.9 1.3 1.2 1.2 11
[Total suspended solids ppm 760 NE 10 280 4 3 J 21 4 7 4
[Turbidity NTU 742 NE 104 J 0.61 39 44.2 0.56 78.5 52 J
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Table 4-1

Detected Constituents in Background Monitoring Wells

Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

{Page 3 of 12)

Location: IT-MWO1
Sample No.: 5530 5535/5535R CC3009 CD3002 DA3002
Sample Date: 19-Nov-97 16-May-98 10-Jul-02 16-Oct-02 9-Apr-03
Low-Flow Sample: No No No No No
JUnits | MDC ] BSC| Result [ VQ | Resutt | VQ | Result | V@ | Result | vQ | Resutt [ VQ
IEXPLOSIVES
mino-2, 6-dinitrotoluene, 4- ug/L 018 NE
}ginilrotoluene, 2,6- ug/L 0.43 NE
Iﬂobenzane ug/l | 033 | NE
RDX ug/L 0.22 NE
[Trinitrotoluene, 2,4,6- ug/t | 0.081 NE
[VOLATILES
[Acetone ug/L 170 NE 3.5 B 15 B
Benzene ug/L 110 NE
ﬂgrcmomemane ug/L 0.27 NE
Butanone, 2- ug/l 17 NE 07 B8
Carbon disulfide ug/L 29 NE 0.1 J
(Chloroform ug/L 1.1 NE
(Chloromethane ug/L 13 NE
|Ethylbenzene ugil 38 NE
Pethyl-z-pemanone‘ 4- ug/L 03 NE
Methylene chloride ug/L 21 NE 0.33 B 0.58 8 0.19 B
[Toluene ug/L 100 NE 22
[Trichioroethene ugfl 0.58 NE
lenes, total ug/L 210 NE 0.31 B
SEMIVOLATILES
I§is(2~e(hylhexy|)phthala!e uglt 54 NE
Diethyl phthalate ug/L 1.5 NE 1.5 B
Dimethylphenol, 2,4- ug/L 11 NE
Iiwethylnaphthaiene, 2- ug/L 10 NE
[[Naphthalene ug/l [ 87 NE
Phenol ug/L 1.4 NE
METALS-UNFILTERED
JAluminum ug/l | 10200 | TBD 117 J 10200 J 1400
JAntimony ug/l 8- } TBD 8 J
lArsenic ug/L 52.6 TBD 526
Barium ug/l. | 26900 { TBD 75.9 J 139 J 60.7 J
‘Beryllium ug | 46 | TBD 46 J 0.84 B
Cadmium ug/b 1.5 TBD 1.5 J 0.38 J
Calcium ug/L | 2280000f TBD 46400 47900 39400 56300 44400
IChromium ug/L 182 | TBD 14.1
Cobalt U 358 ] TBD 7.5 J 14 J 35.8 J
Copper ugll | 722 | TBD 9.1 J 722 48.8
|iron ug/L | 52100 | TBD 1320 2200 J 563 52100 3530
Lead ug/b 101 TBD 101 8.8
agnesium ug/l }1040000{ TBD 17500 16300 15900 19500 18800
Manganese ug/l | 2240 | TBD 323 348 292 480 396
Mercury ug/L 0.45 TBD 0.45
Nicket ug/L 74.9 TBD 15 J 35 J 74.9
Potassium ugfl. | 174000 | TBD 6160 5560 6780 J 6480 7450 J
Selenium ug/l 5 TBD 5
Sodium ug/L {9130000] TBD | 22800 22000 19400 17800 19200
[Thatlium ug/L 7.1 TBD 57 J 4 8
Vanadium ug/ | 359 | TBD . 359 J
iZinc ugll 612 TBD 5186 149 343 124 J 74.8
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Table 4-1

Detected Constituents in Background Monitoring Weills

Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 12}

Location: IT-MWO1
Sample No.: 5530 5535/6535R CC3008 CD3002 DA3002
Sample Date: 19-Nov-87 16-May-98 10-Jul-02 16-0ct-02 9-Apr-03
Low-Flow Sample: No No No No No

Parameter [ Units ] MDC I BSC| Result | VQ | Result | VO | Resutt [ VQ [ Resut | VQ | Result | VQ
METALS- FICTERED

IAluminum ug/L 1470 | TBD 276 62.2 B 716 B 1470
|Antimony ug/L 0 TBD

|Arsenic ug/L 6.9 TBD

Barium ug/t | 26200 | TBD 82.5 J 89.1 J 52.6 J
[Beryitium ug/L 15 | TBD 12 B
Cadmium ugfil 1.2 TBD 0.48 J
Calcium ug/L | 2570000] TBD 44900 53100 39300 57700 47400
Chromium ug/l 0 T8D

Cobalt ug/L 34.8 TBD 10.3 J 4.9 J 34.8 J
Copper ug/l. 49.2 TBD 2.8 J 3.7 J 49.2

iron ug/L 6180 | TBD 1090 1970 745 1840 2480
{[Cead ug/t 87 | 1BD 8.7
Magnesium ug/L | 1090000{ TBD 17000 19500 14600 20300 20900
Manganese ug/t 1300 | 78D 331 395 326 424 360
[Mercury ug/. | 024 | TBD
{[Nicke! ug/l | 829 | TBD 26.2 J 10.5 J 82.9
|[Po(assium ug/L | 173000 | TBD 6180 6390 6390 J 6400 J 7270 J
lISelenium ug/l 0 TBD

{Sodium ug/l_19110000] TBD | 22200 25100 19200 19400 18400
[Thattium ug/L 7.3 TBD 4.9 8
anadium ug/L Y T8D

Zinc ug/L 673 TBD 46.9 47.5 B 124 13.1 J 73.8
IWATER QUALITY PARAMETERS

[Alkatinity ppm 979 NE 360 110 90 209 9.9
Chioride ppm | 34600 NE 4 3 3.4 9.9 3
Cyanide, total ppm | 0.004 NE

Hardness pm | 20000 NE 420 200 144 263 196

Nitrate ppm 22 NE 0.19

Nitrate-Nitrite ppm 0.2 NE

Sulfate ppm 416 NE 79 140 118 67.3 211

[Total dissolved solids ppm | 43800 | NE 310 400 279 342 137

[Total organic carbon ppm 9.9 NE 8.6 7 7.1 9.9 3.8

[Total suspended solids ppm 760 NE 84 5 4 5 21
Turbidity NTU 742 NE 1.7 10.6 14




Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 50f 12)
Location: PB-BED-MW20
Sample No.: 5960 5965 BD3026 CA3005 CB3001 CC3003 CD3003 DA3003 DC3001 DD3002 DE3001
Sample Date: 17-Nov-97 28-May-88 26-Sep-01 15-Jan-02 4-Apr-02 10-Jut-02 17-Oct-02 11-Apr-03 18-Sep-03 9-Dec-03 10-Mar-04
Low-Flow Sample: No No No Yes Yes Yes No Yes Yes Yes Yes

Parameter T Units ] MDC [ BSC| Resut | VQ | Resut | VO [ Resut | VQ | Resut | VQ | Result | VQ| Resut | VQ | Result | VQ | Resut | VQ | Resull [ VQ | Resut | VO | Result | VQ
[EXPLOSIVES

lAmino-2 6-dinitrotoluene, 4- ug/L 0.19 NE 019 J

Dinitrotoluene, 2,6- ug/L 0.43 NE

INilrobenzene ugft 0.33 NE 0.088 J

RDX ug/L 0.22 NE 0.17 J

[Trinitrotoluene, 2,4,6- ug/L | 0.081 NE

IVOLATILES

lAcetone ug/L 170 NE 1.2 J 5.3 J 10 2] 21 J
Benzene ug/L 110 NE 0.93 J 1.6 0.25 J 3.2 1.3 J 0.23 J 1.4 J 1.2 1.1
Promome\hane ught | 027 NE 027 3

Butanone, 2- ug/L 17 NE 3.8

Carbon disulfide ug/t 29 NE 0.17 J 1.1 J 0.21 J 0.16 J 0.21 J
Chloroform ug/t 1.1 NE

Chloromethane ug/lL 1.3 NE 047 B

Ethylbenzene ug/L 38 NE 0.15 J

Methyl-2-pentanone, 4- ug/t 0.3 NE

Methylene chioride ug/L 21 NE 0.3 B 0.49 B 0.31 B 028 B
Toluene ug/t 100 NE 0.73 B 0.95 B 2.4 B8 0.76 B 0.35 J 0.45 B 0.26 B8 0.28 J
[Trichiorcethene ug/L 0.59 NE

Xylenes, total ug/L 210 NE 26 0.91 J 067 J

SEMIVOLATILES

Bis{2-ethyhexyl)phthalate ug/L 54 NE 54 B 29 J

Diethyl phthalate ug/L 1.5 NE

Dimethylphenol, 2,4- ug/L 11 NE

Methyinaphthalene, 2- ug/L 10 NE 11 J

Naphthalene ug/t 8.7 NE

Phenol ug/t 14 NE

METALS-UNFILTERED

JAluminum ug/t. | 10200 | TBD 3290 678 J 207 J 48.6 J 83.4 B 155 J 143 B 115 B 57.9 B 63.2 B
jAntimony ug/L 8 TBD

[Arsenic ug/L 526 | TBD 33 J 3.4 B
lBarium ug/L | 26900 | TBD | 19000 16400 23900 22500 23700 24000 25700 26800 25200 26100 25500
Beryllium ug/L 4.6 TBD 0.51 B
[[Cadmium ugiL 15 | 18D

[iCalcium ug/t 12290000} TBD | 2140000 1960000 | J | 20680000 J 1860000 1890000 2000000 2050000 2180000 2180000 2290000 2100000
{[Chromium ugll | 182 | TBD 76 B 17 J 13 B
licobatt ugl | 358 | TBD 71 J 6.1 J 8 J 8.1 J 8.5 J 8.6 J 6.8 J 7.1 J
,_Copper ug/L 722 { TBD 32.8 15.8 B 32.8 30.5

Iron ug/l | 52100 | TBD [ 13200 6770 5920 J 6480 853 4970 5310 257 4120 2030 794
lLead ugi T 101 | TBD

[Magnesium ug/L | 1040000f TBD | 920000 861000 943000 J 860000 884000 960000 941000 981000 1040000 1040000 992000
|IManganese ug/L | 2240 | TBD 180 153 189 J 128 156 180 185 162 192 202 183
Mercury ug/L 0.45 TBD

Nickel ug/lL 749 | TBD 35 J 34 J 7.2 J 4 J

Potassium ug/l. | 174000 | TBD | 92300 78600 85800 J 165000 86700 J 101000 J 91700 J 81700 J 104000 J 72600 J 174000 J
{[Selenium ug/t 5 TBD

Sodium ug/t. |9130000] TBD | 7660000 7300000 7980000 | J | 6830000 7770000 8380000 8190000 8430000 8540000 9130000 8600000
[Thaltium ug/L 7.1 TBD 7.1 B 41 B 4.6 B

Vanadium ug/L 359 | TBD

Zinc ug/L 612 TBD 416 42.1 B 5.3 234 64.9 9.7 J 15.6 J 5.3 B 57 J 612 43.6

KN4\PBOWNSth Qtr\Table 4-1\4-116/8/200413:33 PM




Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 12)

Location: PB-BED-MW20
Sample No.: 5960 5965 BD3026 CA3005 CB3001 CC3003 CD3003 DA3003 DC3001 DD3002 DE3001
Sample Date: 17-Nov-97 28-May-98 26-Sep-01 15-Jan-02 4-Apr-02 10-Jul-02 17-Oct-02 11-Apr-03 18-Sep-03 9-Dec-03 10-Mar-04
Low-Flow Sample: No No No Yes Yes Yes No Yes Yes Yes Yes

m [Units] MDC [ BSC| Resuit | VQ [ Resutt [ VQ | Result | VQ | Resut | VQ | Result | vQ | Resuf | VQ | Result | VQ | Result | VQ | Result [ VQ | Resut T VQ | Resutt | VQ
METALS: FICTERED

JAluminum ug/L 1470 TBD 409 B 559 B 63.1 B 69.8 B 109 B 91.4 B 77.8 B
lAntimony ug/L 0 TBD

JArsenic ug/L 6.9 TBD 2.8 J 48 J 4.1 J

@rium ug/L { 26200 | TBD 21000 4950 24400 21300 23800 23900 24500 26200 25700 25700 24300
Beryllium ug/L 1.5 TBD 0.24 8

Cadmium ug/l 1.2 TBD

Calcium ug/L {2570000] TBD | 2570000 J 431000 J 2110000 1720000 1910000 2020000 1980000 2120000 2270000 2240000 J 2000000
Chromium ug/t 0 TBD

Cobalt ug/L 348 TBD 64 J 59 J 8 J 7.5 4 9.3 J 23.8 J 6.2 J 6.2 J
Copper uglt | 492 | 18D 2 B 57 3 265 53 8
Iron ug/t 6180 TBD 2310 1320 5350 6180 1130 5100 4940 3800 1830 510

flLead ugt | 87 718D

[Mﬂgnesium ug/L. | 1090000] T8BD | 1090000 223000 J 965000 829000 888000 968000 911000 953000 1070000 1020000 944000
|Manganese ug/. | 1300 | TBD 162 47 188 129 156 193 182 160 220 200 178
Mercury ug/L 0.24 8D 024 0.032 J

Nickel ug/L 829 TBD 29 J 3.2 J 6.5 J 6 J

m;’olassium ug/L | 173000 TBD | 103000 21600 87400 J 170000 86900 J 102000 J 88400 J 79000 J 105000 J 70500 J 173000 J
[ISelenium ug/L 0 TBD

Sodium ug/L {9110000] TBD | 9110000 1870000 8100000 6870000 7830000 8120000 7750000 8210000 8710000 9000000 J 8220000
iThallium ugit 7.3 TBD 7.3 B 4.1 B

[Vanadium ug/L 0 TBD

Zinc ug/L 673 TBD 33 J 216 59.2 J 3.2 J 78.3 4.8 J 6.4 J 673 31.4
WATER QUALITY PARAMETERS

[Alkalinity ppm 979 NE 240 260 255 J 280 229 293 259 246 248 238 248
Chioride ppm | 34600 NE 19000 21000 22400 18000 17300 J 19000 21100 34600 19100 21300 20800
Cyanide, total ppm | 0.004 NE

Hardness ppm | 20000 NE 20000 10000 9360 8200 8850 8140 93390 9200 9690 9940 9550
liNitrate ppm 22 NE
[Nitrate-Nitrite ppm 0.2 NE

Sulfate ppm 416 NE 3.2

[Total dissolved solids ppm | 43800 NE 32000 24000 27400 J 26000 27800 35500 43800 32600 42700 33600 28700

Total organic carbon ppm 9.9 NE 0.5 J 1.1 J 0.74 J

T otal suspended solids ppm 760 NE 74 90 125 13 13 33 19 100 112 39 760
[Turbidity NTU 742 NE 48.4 J 8.8 10.5 7.4 19.2 3.9 6.2 18.4 J 57

KN&PBOWSth QtnTable 4-1\4-116/8/2004\3:33 PM
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Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 12)
Location: PB-BED-MW24
Sample No.: BD3029 CA3001 CB3008 CC3004 CD3004 DA3004 DC3002 DD3003 DE3002
Sample Date: 9-Oct-01 17-Jan-02 3-Apr-02 12-Jul-02 19-Oct-02 9-Apr-03 17-Sep-03 11-Dec-03 10-Mar-04
Low-Flow Sampie: Yes Yes Yes Yes No Yes Yes Yes Yes
Parameter [ Units] MDC [ BSC| Result [ VO | Result | VQ | Resut [ VQ | Resuit | VQ | Resut | VQ | Resut | VQ | Result | VQ | Resut [ VQ | Resull | VQ
[EXPLOSIVES
{lAmino-2,6-dinitrotoluene, 4- ugh | 019 | NE
[[Dinitrotoluene, 2,6- ug/t | 043 | NE 0.43
liNitrobenzene ugll | 0.33 NE 0.33
IRDX ug/l 0.22 NE 0.22 J
[Trinitrotoluene, 2,4 6- ug/L 0.081 NE 0.081 J
[VOLATILES
jAcetone ug/L 170 NE 120 J 170 J 60 88
Benzene ugiL 110 NE B0 91 110 14 J 9.3 J 36 J 32 36 22
Bromomethane ug/L 0.27 NE
Butanone, 2- ug/L 17 NE 8.1 17 J 12 B
Carbon disulfide ug/L 29 NE 1.2 0.59 J 29 3.4 J 9.1 J
Chloroform ug/L 1.1 NE
(Chioromethane ug/L 1.3 NE 1.3 J
Ethylbenzene ug/L 38 NE 19 J 32 38 8 J 4.8 J 15 J 13 J 10 9 J
{[Methy}-2-pentanone, 4- ugt | 03 NE
[Methylene chloride ug/L. 21 NE 21 J 14 J
iToluene ug/L 100 NE 58 90 100 17 J 14 43 J 37 31 14
Trichloroethene ug/L 0.59 NE
[Xylenes, total ug/L 210 NE 110 180 210 55 23 a8 67 50 4 48 J
SEMIVOLATILES
tBis(Z—ethylhexyl)ph(halate ug/L 54 NE 4.6 B
Diethyl phthalate ugit. 15 NE
[[Dimethylphenol, 2.4- ug/t 1.1 NE 1.1 J 0.76 J
[Methyinaphthalene, 2- ug/L 10 NE 36 J 56 46 J 10 J 14 J 55 J 4 J 29 J
liNaphthalene ug/L 8.7 NE 29 J 7 4 J 8.7 J 4.6 J 3.5 J 23 J
Phenol ug/L 1.4 NE 1.4 J
METALS-UNFILTERED
JAluminum ug/L | 10200 | TBD 37.8 J 77.7 B 357 J 1150 115 J 141 B 78 B 194 J 61.5 B8
Antimony ug/L 8 TBD
|Arsenic ug/L 52.6 TBD 4.3
Igarium ug/l. | 26900 | TBD 932 938 1160 680 1080 1140 630 642 489
Beryllium ug/L 46 TBD 1.2 8
Cadmium ug/L 1.5 18D
Calcium ug/t. {2290000] TBD | 158000 157000 161000 346000 159000 167000 168000 151000 131000
IChromium ug/t 182 | TBD 9.4
{iCobatt ug | 358 | TBD 2.9 12 J 77 J
F:opper ug/l | 722 | TBD 8.6 18.5 J
lron ug/L | 52100 | TBD 48.3 J 727 B 13400 403
F_ead ug/L 101 TBD 5.2 B
Magnesium ug/L [1040000] TBD | 78500 78900 82900 88800 75400 84500 80600 70800 69500
Manganese ug/lt { 2240 | TBD 248 18.2 14.8 J 420 236 14.1 J 27.4 25.8 26.3
Mercury ug/t 0.45 | TBD 0.035 J
Nickel ug/L 749 | TBD 7.9
Potassium ug/t. § 174000 | TBD | 32100 46600 47600 J 41600 22900 J 26400 J 24100 J 24300 23700 J
[fSetenium ug/L 5 18D
|Sodium ug/L [9130000] TBD | 90800 90600 106000 101000 91800 104000 80400 67000 61800
[Thallium ug/L 7.1 TBD 4.2 B 3.8 B 2.5 B
Vanadium ug/b 359 | 18D 6.1
[Zinc ug/L 612 TBD 284 3.9 J 1.2 B 9.3 J 6.4 J
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Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 8 of 12)
Location: PB-BED-MW24
Sample No.: BD3029 CA3001 CB3008 CC3004 CD3004 DA3004 DC3002 DD3003 DE3002
Sample Date: 9-Oct-01 17-Jan-02 3-Apr-02 12-Jul-02 19-0ct-02 3-Apr-03 17-Sep-03 11-Dec03 10-Mar-04
Low-Flow Sample: Yes Yes Yes Yes No Yes Yes Yes Yes

IParameler JUnits] MDC TBSC| Resut [ VQ | Resut | VQ | Resut | VO | Result | vQ | Resull | VQ | Result | VQ | Result | VQ | Resut | VQ | Result | VQ
METALS- FILTERED

[Aluminum ug/L 1470 | TBD 55.1 B 89.6 B 74 B 110 B 87 B 128 8 69.9 B 50.8 B 56.9 B
JAntimony ug/L 0 TBD

IArsenic ug/L 6.9 TBD

Barium ug/l | 26200 | TBD 942 962 1170 €70 1140 1160 689 669 489
Beryllium ug/L 15 TBD 1.5 8

Cadmium ug/L 1.2 TBD

Calcium ug/L }2570000f TBD | 159000 158000 161000 147000 160000 168000 169000 152000 J 126000
Chromium ug/L 0 18D

Cobalt ug/L 348 | TBD 1.4 J 15 J 3.7 J

Copper ug/L 49.2 TBD

iron ug/L | 6180 | TBD 40.7 B

Lead ug/t 87 TBD

iMagnesium ug/t {1090000) TBD | 78500 78800 826800 79400 77600 83600 79900 71100 67300
[Manganese ug/l | 1300 [ TBD[ 221 18.7 16.6 44.2 155 13.7 J 35 25.5 26
IMercury ug/l | 024 | TBD

‘Nickel ug/L 829 | TBD

Potassium ugfl | 173000 TBD | 30700 J 43300 44400 J 38300 24000 J 25800 J 23200 J 24500 J 23300 J
[iSelenium ug/t 0 TBD

Sodium ug/l {9110000( TBD | 90500 87800 J 105000 98500 92500 105000 79600 67900 J 61200
[Thallium ug/L 7.3 TBD 4.1 B 2.8 J
(Vanadiurn ug/L 0 TBD

Zinc ug/L 673 TBD 3.4 J 57 B 0.97 J 2.9 B

IWATER QUALITY PARAMETERS

JAlkalinity ppm 979 NE 697 J 810 157 979 757 803 846 726 700
Chloride ppm | 34600 | NE 149 140 175 J 155 126 105 98 48.7 79.7
Cyanide, total ppm 0.004 NE 0.004 B8

Hardness ppm | 20000 | NE 566 710 715 1370 808 820 761 130 670
Nitrate ppm 22 NE

Nitrate-Nitrite ppm 0.2 NE

Suifate ppm 416 NE 21.4 150 236 323 20.3 246 32.6 40.5

Total dissolved solids ppm | 43800 | NE 948 1000 2200 1020 990 949 988 779 755

Total organic carbon ppm 9.9 NE 3 1.8 24 3.7 3.7 2.4 1.9 1.6 1.5

[Total suspended solids ppm 760 NE 14 124 62 5 4

[Turbidity NTU 742 NE 266 61 116 742 49.6 68.8 138 74 23.5
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Table 4-1

Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 12)
Location: PB-BED-MW25
Sample No.: BD3030 CA3002 CB3004 CC3005 CD3005 DA3005 DC3003 DD3004 DE3003
Sample Date: 5-Oct-01 16-Jan-02 3-Apr-02 11-Jul-02 17-0ct-02 10-Apr-03 18-Sep-03 11-Dec-03 11-Mar-04
Low-Flow Sample: Yes Yes Yes Yes Yes Yes Yes Yes Yes
{Parameter [Units] MDC [ BSC| Resuit [ VQ | Resut [ VQ | Resut [ VQ | Result | VQ | Resut [ VQ ] Resut [ VQ ] Resut [ VQ ] Resut [ VO | Result | VQ
[EXPLOSIVES
IAmino-2 6-dinitrototuene, 4- ug/L 019 NE
Dinitrotoluene, 2,6- ug/L 0.43 NE
Nitrobenzene ugi/L 0.33 NE 0.076 J 0.12 J
[RDX ugl | 022 | NE
[Trinitrotoluene, 2 4,6- ug/L 0.081 NE
IVOLATILES
cetone uglL 170 NE 1.7 8 1.4 8 16 J
Benzene ug/t 110 NE 0.37 J 0.15 J
Bromomethane ug/L 0.27 NE
Butanone, 2- ug/l 17 NE
Carbon disulfide ug/L 29 NE 0.48 J 1.5 0.36 J 0.17 J 1.3 J 1.5 J Q.77 J 1.2
Chloroform ugl/L 1.1 NE 1.1
IChloromethane ug/lL 1.3 NE
Ethylbenzene ug/L 38 NE 0.22 3
liMethyl-2-pentanone, 4- ug/L 0.3 NE 03 J
Methylene chloride ug/L 21 NE 03 B 0.21 8
[Toluene ug/L 100 NE 08 J 0.25 J 0.13 J
[Trichloroethene ug/l 0.59 NE
[Xylenes, total ug/L 210 NE 1.5 0.37 J
ISEMIVOLATILES .
Bis{2-ethyihexyl)phihalate ug/L 54 NE 0.86 J 3 B8
Diethy! phthalate ug/L 1.5 NE
Dimethylphenol. 2,4- ug/l 1.1 NE
|[Methyinaphthatene, 2- ug/L 10 NE
Iﬁaphtharene ug/L 8.7 NE
Phenol ug/L 1.4 NE
METALS-UNFILTERED
fuminum ugi | 10200 | TBD 782 B 798 8 413 J 446 J 79.7 J 137 8 86.5 B 612 B8 50.3 B
JAntimony ug/l 8 TBD
JArsenic ugl/L 526 TBD
Barium ug/L | 26900 | TBD 226 247 434 164 J 277 558 177 J 187 J 233
Beryllium ug/L 46 TBD 1.2 B
Cadmium ug/l 1.5 TBD
Calcium ug/l. |2290000] TBD | 134000 158000 173000 183000 200000 194000 159000 141000 107000
Chromium ugh. 182 | 1BD
ICobalt ug/t 358 | TBD
Copper ug/l 722 TBD
Iron ug/l | 52100 | TBD 795 357 91.1 J 103 207 102 156 140 82.1 J
ItLiad ug/L 101 TBD
Magnesium ug/L | 1040000 TBD | 79500 80000 68000 69100 80200 81200 62000 54000 41900
%anganese ug/l | 2240 | TBD 89 56.2 68.8 956 86.5 79.8 729 58.5 45.1
ercury ugil 0.45 | TBD
Nickel ug/l 749 | TBD .
Potassium ug/l | 174000} TBD 17600 21600 14500 J 11400 J 16200 J 19200 J 12100 J 11900 10800 J
Selenium ug/l. 5 TBD
Sodium ug/L | 9130000} TBD | 112000 115000 196000 92300 187000 223000 120000 122000 114000
[Thallium ug/L 71 TBD 4.7 B 3.1 B 3 B
Vanadium ug/L 358 | TBD
|Zinc ugh 612 TBD 7.7 J 79.5 1.7 J 1.4 B 4.8 J 744
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Detected Constituents in Background Monitoring Wells
Ninth Quarterly Background Report
Former Plum Brook Ordnance Works, Sandusky, Chio

{Page 10 of 12}

KN4WBOWSth QtRTable 4-1W-116/8/200413:33 PM

Location: PB-BED-MW25
Sample No.: BD3030 CA3002 CB3004 CC3005 CD3005 DA3005 DC3003 DD3004 DE3003
Sample Date: 5-Oct-01 16-Jan-02 3-Apr-02 11-Jul-02 17-Oct-02 10-Apr-03 18-Sep-03 11-Dec-03 11-Mar-04
Low-Flow Sample: Yes Yes Yes Yes Yes Yes Yes Yes Yes

Parameter Junits] MDC I BSC] Resut | vQ | Resut | VQ] Resuk | VQ | Resutt | VQ | Result | VQ | Resuh | VQ | Result | VQ | Resutt | VQ | Result | VQ
{METALS- FILTERED

IAluminum ug/L 1470 TBD 68.7 B 52.7 B 97.8 B 69.8 8 135 B 61.8 B 57.7 B

ntimony ug/t 0 T8D

[Arsenic ug/L 6.9 TBD

Barium ug/l | 26200 | TBD 224 234 452 160 J 270 545 177 J 175 J 239
Beryllium ug/L 15 | 1BD

Cadmium ug/t. 1.2 TBD

Calcium ug/L {2570000f TBD | 128000 146000 176000 187000 198000 188000 158000 135000 J 112000
Chromium ug/L 0 TBD

Cobalt ug/L 34.8 TBD 2 J

Copper ug/L 492 TBD

iron ug/t. 6180 T8D 713 337 59.8 J 157 18.8 J 92.7 J 74.5 J
l[Cead ugt | 87 | T8BD
“Magnesium ugfL §1090000} TBD 76800 74400 69700 74100 78600 77900 61400 51400 43800
[Manganese ug/L | 1300 | TBD 87 522 656 94 84,2 757 715 552 46.8
[Mercury ug/l | 024 | TBD 0.056 J

Nickef ug/L 82.9 8D

Potassium ug/L { 173000 | TBD 17000 20200 14800 J 12100 J 15900 J 18400 J 11900 J 11100 J 11400 J
l[Selenium ug/L 0 18D

Sodium ug/L |9110000] TBD | 109000 114000 196000 97600 180000 217000 118000 115000 J 115000
[Thatlium ug/L 73 TBD 6.4 J
anadium ug/t 0 TBD

Zinc ug/L 673 TBD 3 J 19.9 J 1.5 B 1 J 26 B 21.7

IWATER QUALITY PARAMETERS

IAKalinity ppm 979 NE 278 J 320 337 329 314 344 313 316 331
Chloride ppm | 34600 NE 404 460 558 J 219 631 615 257 221 199
Cyanide, total ppm | 0.004 NE 0.004 B

Hardness ppm | 20000 NE 627 720 611 772 848 820 700 540 510
Nitrate ppm 22 NE

Nitrate-Nitrite ppm 0.2 NE

Sulfate ppm 416 NE 121 79 36.2 416 795 38.6 264 136 142

[Total dissolved solids ppm | 43800 NE 1000 1100 1330 1180 1440 767 1100 834 808

[Total organic carbon ppm 9.9 NE 4 B 2 3 2.7 2.7 2 2.8 2.4 23

Total suspended solids ppm 760 NE 4 9 5 4 5 8

[Turbidity NTU 742 NE 21.7 J 21 112 23.6 358 98 229 64.4 86.5
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Table 4-1

Detected Constituents in Background Monitoring Wells

Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 11 of 12)

Location:{ PB-BED-MW26 PB-BED-MW28 PB-BED-MW29
Sample No.: CA3004 DC3004 DD3007 DE3004 DC3005 DD3008 DE3005
Sample Date: 17-Jan-02 17-Sep-03 9-Dec-03 9-Mar-04 16-Sep-03 9-Dec-03 10-Mar-04
Low-Flow Sample: No Yes Yes Yes Yes Yes Yes
Parameter J Units | MDC TBSC| Result T VQ | Resut [ VQ | Resut | VQ | Result [ VQ | Resuit | VQ | Resut | VQ | Resut | VvQ
[EXPLOSIVES
mino-2,6-dinitrotoluene, 4- ug/L 019 NE
lDinitrototuene, 2.6- ug/L 0.43 NE
{INitrobenzene ug/L | 033 NE
RDX ug/L 0.22 NE
Trinitrotoluene, 2,4,6- ug/L | 0.081 NE
VOLATILES
IAcetone ug/t. 170 NE 2.1 J 17 2.1 J
|Benzene ugil 110 NE 2.4 J 2.2 1.7 0.96 J 0.22 J
|[Bromomethane ugll | 027 NE
lIButanone, 2- ug/L 17 NE
[Carbon disutfide ug/l 29 NE 13 044 J 13 19
[Chioroform ug/t 1.1 NE 0.25 J
Chloromethane ug/lL 13 NE 0.97 J 042 J 03 J
}Ethylbenzene ug/L 38 NE 0.13 J 0.86 J 0.87 J 0.66 J
}Methyl—Z—pentanone, 4- ug/L 0.3 NE
Methylene chloride ug/t 21 NE 2.1 B 0.59 B
[Toluene ug/L 100 NE 1.7 J 0.62 J 0.18 J 0.12 J
richloroethene ug/L 0.59 NE 0.59 J
ylenes, total ug/L 210 NE 041 J 55 5.1 J 4.5 J
SEMIVOLATILES
Bis(2-ethylhexyl)phthalate ug/L 54 NE
Diethyi phthalate uglt 15 NE
Dimethylphenol, 2 4- ug/L 1.1 NE
Methylnaphthalene, 2- ug/L 10 NE
{INaphthalene ug/L 8.7 NE
}_Phenol ug/L 14 NE
METALS-UNFILTERED
JAluminum ug/L { 10200 } TBD 93200 147 J 42.6 B 54.5 B 309 49.9 8 103 J
JAntimony ug/L 8 TBD
JArsenic ug/L 526 T8D 56.8 7.4 J 5.4 J 5.5 B 33 J 26 B
Barium ug/L | 26900 | TBD 1970 374 395 342 11300 11800 10800
l@ymum ugll | 46 | 18D 52
l[Cadmium ug/L 15 TBD 33 J
{Icatcium ug/L ] 2290000| TBD | 2180000 20800 20000 17500 316000 295000 274000
liChromium ugl | 182 T 1BD 454
liCobait ug/t | 358 [ T7BD 82.8 3.9 J 3.6 J 35 B
ug/L 722 TBD 293
ug/l | 52100 | TBD | 232000 235 398 219 932 1550 1480
ug/L 101 T8D 79.2
ug/t | 1040000} TBD | 958000 8320 7780 7370 217000 198000 189000
ug/L 2240 | TBD 7470 20.3 16.6 10.6 J 62.7 50.7 46.4
Mercury ug/l 0.45 TBD 0.14 J
Nickel ug/l 74.9 TBD 457
Potassium ug/t | 174000 | TBD | 334000 7240 J 6050 18300 J 75800 J 67800 112000 J
{{Selenium ug/L 5 TBD ]
Sodium ug/L ]9130000| TBD | 3730000 290000 285000 275000 1390000 1350000 1350000
[Thallium ug/L 7.1 78D 4.2 B 6.7 B 5.1 B 2.4 B
Vanadium ug/t 359 | TBD 142
[Zinc ugl/l 612 TBD 789 2.5 B 247 2.8 B 6.9 J 507 9 J




Table 4-1

Detected Constituents in Background Monitoring Wells

Ninth Quarterly Background Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 12 of 12)

Location:| PB-BED-MW26 PB-BED-MW28 PB-BED-MW29
Sample No.: CA3004 DC3004 DD3007 DE3004 DC3005 DD3008 DE3005
Sampie Date: 17-Jan-02 17-Sep-03 9-Dec-03 S-Mar-04 16-Sep-03 9-Dec-03 10-Mar-04
Low-Flow Sample: No Yes Yes Yes Yes Yes Yes

Parameter ~ JUnits] MDC [ BSC] Resut | V@ [ Resut ] VQ | Result | VO [ Result [ VQ | Result [ VQ [ Result | VQ | Resuk | vQ
l]mA[S? FILTERED

[Aluminum ug/L 1470 TBD 152 J 74.6 B 83.1 B 66.9 8 85 B
iAntimony ug/L 0 TBD

|Arsenic ug/L 6.9 TBD 6.9 J 5.6 J 5 B8 26 J 3.1 J

Barium ug/t | 26200 | TBD 371 374 354 10500 10800 10800
Beryllium ug/L 1.5 T8D

(Cadmium ug/t 1.2 TBD

Calcium ug/L |2570000] TBD 20300 19700 J 17900 316000 283000 J 274000
Chromium ug/L 4 8D

Cobalt ug/L 34.8 TBD 6.1 J 34 J 34 J
Copper ug/L 49.2 TBD

iron ug/l 6180 TBD 242 354 186 350 1490 1060

Lead ug/L 8.7 T8D

Magnesium ug/L | 1090000| TBD 8120 7670 7540 219000 189000 190000
lManganese ug/l | 1300 | TBD 15.8 16.4 11.8 J 55.1 49.3 455
[Mercury ug/l | 024 | TBD
{iNicket ug/l | 829 ] TBD
"Potassium ug/L | 173000 | 7BD 7140 J 5920 J 17300 J 76500 J 60700 J 114000 J
Selenium ug/l. 4] T8D

Sodium ug/l. |9110000} TBD 289000 280000 J 282000 1330000 1250000 J 1360000
Thatlium ug/L 7.3 T8D 4.1 B 3.8 B 52 J 6.2 B 3.8 B

[Vanadium ug/L 0 TBD

Zinc ug/t 673 TBD 3.8 B 247 3 B 8.5 J 528 3.4 B
IWATER QUALITY PARAMETERS

Alkalinity ppm 979 NE 474 444 468 443 432 448
Chioride ppm | 34600 NE 171 148 168 3540 2930 3050
Cyanide, totai ppm | 0.004 NE

Hardness ppm | 20000 NE 99.5 81.6 78 1750 1500 1540
[Nitrate pom | 22 NE 0.39

Nitrate-Nitrite ppm 0.2 NE

Sultate ppm 416 NE 35.2 13.1 5.7

T otal dissolved solids ppm | 43800 NE 833 697 774 6580 3880 5450

otal organic carbon ppm | 89 NE 59 5.3 52 26 38 22
|Total suspended solids ppm 760 NE 4 46 7 105
T urbidity NTU 742 NE 3.3 1.6 J 14 147 7 J 8.1

KN4WPBOW\Gth QtriTable 4-14-116/8/200413:33 PM

BSC - Background screening concentration.
MDC - Maximum detected concentration. Results from PB-BED-MW26 not included.
ug/L - Micrograms per liter.

NE - Not evaluated.
RDX - Cyclotrimethyienetrinitramine.

NTU - Nephelometric turbidity unit.
ppm - Parts per million.
TBD - To be determined.

Validation Qualifiers (VQ)
J - The analyte was positively identified; the reported value is an estimated concentration.

B - The analyte was not detected sigificantly above the levels found in the asseciated blanks.
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STOP,
No further
evaluation.

Shaw Shaw Environmental, Inc.

Does site MDC

exceed RBSC? Figure 3-1

Protocol for Screening
and Risk Evaluation

Is the analyte
an inorganic?

Does site MDC
exceed BSC?

Perform population?
testing (e.g., WRS).

site concentrations of
analyte > background

Does
population
testing indicate that

Risk
Management

Decision.
population?

Carry analyte
through RA process.

exceeding OEPA risk

Analyte
significantly
contributes to risk

Further evaluation
(e.g., geochemical,
spatial, as applicable).

Yes

A 4

management
criteria?

Notes:

2 A judgment may be made at this step to forego or modify population
testing if the site data is clearly greater than background and/or
individual exceedances suggest the presence of a hot spot. In such
cases, the analyte would be carried into the risk assessment process.

BSC -Background screening concentration.

MDC - Maximum detected concentration.

OEPA - Ohio Environmental Protection Agency.

RA - Risk assessment.

RBSC - Risk-based screening concentration.

WRS -Wilcoxon rank sum (test).
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Kessler, Dave
Subject: RE: Erie County limestone

From: "Swinford, Mac” <Mac. nr.state.oh.us>
To: “djkessler1 @juno.com kessleri@juno.com>
Date: Thu, 20 Aug 2002 09:55:04 -0400

SUbject. Erie County limestone

<83E493D76ECF824OB3F51 3CE308CASEBCB156C@nrxchg2.dnr.state.oh.us>

David Kessler:
mls an actively producing oll and gas field producing from the
Limestone and the ui ng Columbus Limestone in Florence and Berlin
Townships, Erle County. Information on the individual wells are on file
here e:atl e Ohlo Geological Survey. We also have maps depicting the
gﬁm of the fields in this area. Please call Ron Riley 614-265-6573
this information.
Reglonal, the Columbus and to a lesser extent the Delaware Limestone
commonly can have a slight to moderate petroleum smell and may have a
sulfur odor.
If you require additional information please contact me.
Thank you,
Mac SWI:'nfordWu

ist and Supervlsor.
ODNQ DMugfon of Geological Survey

614-265-6473
e-mall: mac.swinford@dnr.state.oh.us
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Shaw Environmental & Infrastructure, Inc.

RECORD OF TELEPHONE CALL
DATE: 213104

TIME: 1000

Project Name: PBOW

Project Number: 843656

Call from: David Kessler

Call to: Mr. Rick Pavey, (614) 265-6599, Ohio Department of Natural Resources (ODNR).

Summary (Decisions/Specific Actions):
Attempted to contact Mr. Mac Swinford of ODNR for information of oil/gas wells found at the DNR website

- (www.ohiodnr.com/geosurvey/ogcim/petrol/fipmap, URL: ftp:/fip/dnr.state.oh.us/Geological Survey/well db/erie.dbf)
but was transferred to DNR representative Mr. Rick Pavey.

Informed Mr. Pavey of above listed website and inquired if he had any information of the wells found on the
map. Mr. Pavey said that he would attempt to find specific information and return call. [Shaw faxed the map
for his research that was found at the website but had the PBOW coordinates included with the well locations].

Return call from Mr. Pavey to David Kessler ~1300: :
From his research into the purpose of the oil/gas wells, he found that the well on PBOW property was not listed
in the records (must have been installed before records were kept). The next nearest well to the facility (well
immediately to the west, as shown on the map) was drilled in 1957 as a stratigraphic test boring. From his
review of the other active/inactive oil and gas wells shown on the figure and his recollection of petroleum
hydrocarbon encountered at the Wagnor Quarries, he confirmed that there is “without a doubt petroleum
-» - hydrocarbon in-the Delaware and Columbus bedrock units”. There must not have-been sufficient quantities of
: " oil or gas for commercial production in this area (near PBOW), as indicated by the sporadic spacing, but in the
southeast corner of the map, a good producing oil field is present. The well locations are very close to one
another.

Required Action: Include information in response to Restoration Advisory Board comments received for
the Seventh Quarterly Background Groundwater Report.

Prepared By: David Kessler

Distribution: Steve Downey, Mike Gunderson, Tom Siard

N:\SHARED\COMMON\PBOW\04 8th Qrt Back Report\Comm from 7*\Telecon for RABR_C
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@ Page 1 of 3

Shaw- Sample Collection Log

Shaw E&], Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: IT-BG8-BEDGW-001 Collection Date: 3, /). 0¥
Sample Number: DE3000 Collection Time: /¢/@
Sample Name: PBOW-04-IT-BG8-BEDGW-001-DE3000 Start Depth: /4 !
Sampling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers A Sketch Location
F "RED METALS _ 1 - 250 mL HDPE ;}
IC _..L METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass ) 6B - ﬁﬁ@éﬂ/ 20|
VOLATILES 3 - 40 mL Vial K
SEMIVOLATILES _]2- 1L Amb. Glass
roc 2 - 40 mL Vial Pobel R
“YANIDE 1-1L HDPE B
ALKALINITY \
“HLORIDE
NITRATE ,
SULFATE 1-1L HDPE
DS
[SS
[URBIDITY
IARDNESS 1 - 250 mL HDPE \

“omments: AL éa,%@f (/”@d on _sce.

- _2d by/Date: }/{0’»{ Reviewed by/Date: EW»&/ Kdadv 3/ ( (Od



Page 2 of 3
WAY GROUNDWATER PURGE FORM
Shaw E &1, Inc.
Location Code: IT-BG8-BEDGW-001
Sample Number: DE3000

Water Quality Parameter Measurements

Date/ DTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turbidity
Time {ft. BTOC) | (mL/min) Volume {degree C) (umhosicm)  |{std. units) {mv) {mgiL) (NTU)
| Purged (L)

25 1569 |29 — — — — — | —
e s T SR R B e
1'53 ‘7 ! : f [} 3
/390 | 5B | A0 | 991 C98A | 7./ 39.6 | S50 935
'Z%ezg_?.jv " 560 | 4,45 2927 | 216 142,) | 556 &
{290 | 5. ¢ | 2.2 7% 1923 | 5,52 &,
/ “t 315 %zé 22491 5,54 2.
2 s 2.302 | 415 | £.9%0 19 | 92,0 §59% | SO
(425 | 9221 ' 1049 | 92| £ 9F5 | 21é |92, 2] 5,91 oL

" R ) J—

-ccl/ﬂu."g,g. o e VE 309 .
AN
N
N
~N
N
~
\\
\ j -
NS
N NN
.
AN
N N
———
2z
>0
AN
~

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L. - Liter N



Project»Number: 843635
Project Name: PBOW

GROUNDWATER SAMPLING FORM  Page3of3

7.//.e ‘7‘ Form Completed By: X , &Mzm

1925

Collection Date:
Collection Time:

Investigation Site: Background Sample Filtered (Yes/No): Yes; Metals

Sampler(s): D. Kessler, Z. Parham

Shaw*

RFAICOC Number: ?B 0} HOH‘5TL )4

WeatherlTemp é@.ﬁéz rColod ~ 37 'E Reviewed By: Dwﬂ/ [(/—44

—f—

rSampleIPlBTOJWI—[Oﬁl IIITI IBIG_L8I IJE DIGIWI'TOIOHI

IDIETﬂOJOMI

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements]

Well Number: DEDGW-001 Outside Casing Dia. (in): 2" Odor:
Well Secure (Yes / No): Yes . Depth to Product {ft): NA Vapor Monitor Type: PID/LEL
Well Labeled (Yes / No): Yes Total Well Depth (ft): 20’ Vapor Monitor S/N: I
Well Condition: Good Depth to Water (ft): ; 55' Reading (ppm): LEL= S % O % %
Top of Screen: 5§’ Water Column: /;/' 1{5' ﬂ'ﬁ;@ C= © ppm H:S= ppm
Screen Height: 15’ Top of Filter Pack: l; ' Depth Pump Set: 14 !
Casing Type: PVC Pump Type: M@ W Pump Settings: psi-9, Refill - 10, Discharge - 5§
Remarks:
MONITORING WELL PURGE CALCULATIONS __—

Volume of Water in Casing: galitt

Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x 2y
Well Volume (gallons) = Water Colu x Galfft = Galfft = gallons

orehole dia. in inches & d is casing dia. in inches = 0.041 x ((

Y= ( Y) = galft

Volume of Water in Filter Pack: Gallons/foot = 0.041 x W:ﬁ

Fiiter Pack Volume (gal) = ((Screen Height + Sand Ab or Water Column) x gai/ft) x porosity (0.3) = ((Screen Height ft + ft) x

galfty x 0.3 = gallons - A

gal + gal= gal

Purge Well Volume: Purge Well Vol = Filter Pack Volume + Well Volume =

4 x Purge Well Volume (gal.)

1 x Purge Well VW

2x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.)

5 x Purge Well Volume (gal.)

/

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4" 1D Tubing = 0.01 Liters/ft. 3/8” ID Tubing = 0.02 Litersf/ft. 2" Bladder Pump Volume = 0.3 Liters

Tubing Length = ft.

Tubing Volume (Liters) = ([Tubing Liters/t. x Tublng Iength] + Pump volume) x 3= ([0.01 Liftx /& ft] +0. 3 L ) X 3= { 22 L

Total Volume Purged: / ﬁ L Litersto gallons Lx0269a|/L




@ Page 10f3
Shaw- Sample Collection Log
Shaw E&|, Inc, Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW20 Collection Date: 2. /& o4
Sample Number: DE3001 Collection Time: /525
Sample Name: PBOW-04-PB-BED-MW20-DE3001 Start Depth: 3 A !
Sampling Method: Low Flow End Depth:
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
" TERED METALS 1 - 250 mL HDPE
.uTAL METALS 1-250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass  7/8 Fud],
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES [ |Z- 1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1LHDPE " ° o
ALKALINITY ¥
CHLORIDE Vv
NITRATE lg -
SULFATE Y-1L HDPE PN
TDS e /’ v
TSS ( &K _ /
TURBIDITY Cb-PEO-MwrD
HARDNESS 1-250 mL HDPE
Comments: 56«34 leg V/{’/(zge//{ Broe JCE.

2ged by/Date: - Reviewed by/Dat@a»w/y KM,‘JN 3 ( (0 / pd



Page 2 of 3

sn%~ GROUNDWATER PURGE FORM

Shaw E &1, Inc.
Location Code: PB-BED-MW20
Sample Number: DE3001

Water Quality Parameter Measurements

Date/ DTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turbidity
Time (ft. BTOC) | (mL/min) Volume (degree C) (umhos/cm) (std. units) (mv) (mgiL) (NTU)
Purged (L) .
Moo |74.311 738 O /22| 97.3% [ 5, 3A 23, [3.49] | F.1
14955 | 14,29] * ,zz; Al 47,0 6,724 17799122 L3
1520 114,34 50 | L g | 4%, é.é?__—%z,_‘]__y.@ &0
509 (4.5 i 115 12,36 Y. A2 | 672 1-99.% | 8.2 20
1510 1 /4.99] o 172,911 4%5.9% |1 6,71 |"§5.%| 2.0 @ 2
1916 {/4.811 « Le9 12l 4%.56 | 637! |55 e | OO
/520 1 14,91 T (92 11299 | 4%9€ | 632 |-5%] | .2 OO
/1525 174.5/ e (A 1e 1 /091 4997 | 6720 |-55.7 | O | O
) _ 4] ' - /.
\\
%_ )
Pl |
et I J
=
O~
\
/
/
/
e
N\
N\
N
N\
~N
~
\\
N
~
\\

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter

Tor fw/ge/ Ua/une,: ; 75§a/




GROUNDWATER SAMPLING FORM  Page3of3

Project Number: 843635 Collection Date: ____ 2. /& 04 Form Completed By: __2x {2 /Ao
Project Name: PBOW Collecﬁon Time: / ‘53j Sampler(s): D. Kessler, Z. Parham
Sh ® Investigation Site: Background /V L Sample Fiitered (Yes/No): Yes; Metals
aw RFAICOC Number PBade 57‘f 5 TL K Weatherl'l'emp- Seenny # Conl Revlewed By DW M/

Sampne[PIB[ole [°|4;¢

Name

B"TEIj~IMIWI2IOI IGIWI’ IDIEI3IOIOI1I

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements]

Well Number: MW20 Outside Casing Dia. (in): 2" Odor: ffugee

Well Secure (Yes / No): Yes Depth to Product (ft): NA Vapor Monitor Type: PID/LEL

Well Labeled (Yes / No): Yes Total Well Depth (ft): 48.6’ Vapor Monitor S/N: ]

Well Condition: Good Depth to Water (ft): //f 2 Reading (ppm): LEL= ¢y % O:= ]@Z %

Top of Screen; 28" Water Column: 34 < 2_ m: g0 C=@ ppm H:S= ) ppm

Screen Height: 20’ Top of Filter Pack: Z YA Depth Pump Set: 32'4¥~ o "

Casing Type: PVC Pump Type: 2 Wd A , Pump Settings: psi -207" Refill -—15-: Discharge -/[
Remarks:

MONITORING WELL PURGE CALCULATIONS

Volume of Water in Casing: Gallons/foot = 0.041 x d, where d is casing diameter in inches = (0.041 x ( Y) = gal/ft

Well Volume (gallons) = Water Column (ft) x Gaifft = ft x Gal

Volume of Water in Filter Pack: Gallons/foot = 0.041 x (D*-d%) /@W boreh

= gallons
inches & d is casing dia. in inches = 0.041 x (( Y- ( Y= . gal/ft

Filter Pack Volume (gal) = ((Screen Height + Sand AM) x galfft) x porosity (0.3) = ((Screen Height ft + ft) x galfft) x 0.3 = galions

Purge Well Volume: Purge Well Vol =TFiiter Pack Volume + Well Volume = gal + gal = gal

1 x Purge Well e (gal.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.)

—

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4" 1D Tubing = 0.01 Liters/ft. 3/8” ID Tubing = 0.02 Liters/ft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = ft.

Tubing Volume (Liters) = ([Tubing Liters/ft. x Tubing length] + Pump volume) x 3 = ([0.01 L/t x 25 ff]+03L)x3=_/ ii L

Total Volume Purged: (. tﬂﬁ L Literstogallons =Lx0.26gallL =z , 99 7 94/‘



Q Page 1 of 3
Shaw- Sample Collection Log
Shaw E&1, Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW24 Collection Date: 3, /0. &4
Sample Number: DE3002 Collection Time: /305
Sample Name: PBOW-04-PB-BED-MW24-DE3002 Start Depth: 2 (
Sampling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location

TERED METALS 1 - 250 mL HDPE
'1JUTAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1LHDPE
ALKALINITY
CHLORIDE
NITRATE
SULFATE 1-1LHDPE
TDS
TSS | —
TURBIDITY —
HARDNESS 1 - 250 mL HDPE )SQ

PR-BEO~Mmw Y

Comments: %‘// g [oe ”ﬂ 7 AL,
-.»gged by/Date: = 3. ]a ay Reviewed by/Date:m‘cwvc/ /(W 3] (,0/ 0‘£




GROUNDWATER PURGE FORM

Page 2 of 3

Shaw-
Shaw E&|, Inc.
Location Code: PB-BED-MW24
Sample Number: DE3002
Water Quality Parameter Measurements
Date/ DTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turbidity
Time (ft. BTOC) | (mL/min) Volume (degree C) {(umhos/cm)  |(std. units) (mv) (mgiL) (NTU)
| Purged (L)
BT Ee P T — [ — = =1 =1 =
2615 ‘¢ .ﬁgg 996 7.79% | 2.5Z |28291 /65| 22,5
[23 L L L (8.45 | [\ 79 A 1 6,57 -3 (78R 7.5
260 2.70 1675 | 76Y 1 £.97 138310 | 4.4
j 26,1 ( 1 740 /62491 ) 732 | 6,55 385 6.0 &.£
[R5 " L 4,50 1/6.50]| 1. 723 ¢ “3I0A| 2.8 YA
X ANNT ‘e 540 1/0.7% 1.711 . s | 2.7 4.9
E2271KE L 632 ljoxl| L7202 | £59 |8 Al 8.0 4.2
1351 « z 2.20 118,54 1200 654 |-30% | 80| 3.4
<\‘/zu,~§¢ az=_ / /on DEE3C
T~
\
\.\ 1
[~ y/” .
= o
e = .
|/
//
(
\
\\ ..
NS
PN
~
N
AN

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter

T;ﬂt-/ ﬂu%e M?/uw =2, I}a/



- GROUNDWATER SAMPLING FORM  Page3of3

Project Number: 843635 Collection Date: 7. / ‘Q 49‘/ Form Completed By: = . é nLg P

Project Name: PBOW : Collection Time: 1305 Sampler(s): D. Kessler, Z. Parham
Sh ® Investigation Site: Background VU  Sample Filtered (Yes/No): Yes; Metals N
aw RFA/COC Number: _ YR O30 04 ST LKL Weather/Temp: M Glennag ool oy Reviewed By: M@%

Sample (P [ B [O[W[-10[4[-[P[B]-IB[E[D[-[M[W[2]4[-]GIW[-[D[E[3][0]0]2]

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements]

Well Number: MW24 Outside Casing Dia. (in): 2" , Odor: ﬁ‘m # ‘5 S /j

Well Secure (Yes / No): Yes Depth to Product (ft): NA Vapor Monitor Type: PID/LEL

Well Labeled (Yes / No): Yes Total Well Depth (ft): 41’ ] Vapor Monitor S/N: 1

Well Condition: Good Depth to Water (ft): 15' 96‘ Reading (ppm): LEL®,59 % O:= /G Skh

Top of Screen: 25.5 Water Column: / 5‘ 04 /I 0= 5‘{1 65‘ C= & ppm st=/.—5prm

Screen Height: 15’ Top of Filter Pack: /7 ' Depth Pump Set: 32’

Casing Type: PVC Pump Type: /f/q /4/9 »n Pump Settings: psi- 20, Refill - 10, Discharge -5
Remarks:

MONITORING WELL PURGE CALCULATIONS
Volume of Water in Casing: Gallons/foot = 0.041 x d°, where d is casing diameter in inches = (0.041 x ) =

gal/ft

Well Volume (gallons) = Water Column (ft) x Gal/fft = gallons

Volume of Water in Filter Pack: Gallons/foot = 0.041 x (D*d?), whﬂo&a e dia. in inches & d is casing dia. in inches = 0.041 x (( P —( Y) = gal/ft
Filter Pack Volume (gal) = ((Screen Height + Sand AbWIumn) x gal/ft) x porosity (0.3) = ((Screen Height ft + ft) x galftyx0.3=____ gallons
Purge Well Volume: Purge Well Volu er Pack Volume + Well Volume = gal + gal= gal
1 x Purge WelW 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.)
/

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4” ID Tubing = 0.01 Liters/ft. 3/8" ID Tubing = 0.02 Liters/ft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = ft.

Tubing Volume (Liters) = ([Tubing Liters/ft. x Tubing length}] + Pump volume) x 3 = ([0.01 L/t x _ﬂa_ft] +03L)x3= '2, I L

Total Volume Purged: jZ, f L Liters to gallons = L. x 0.26gal/lL = ")— ‘/ 4 %a‘ !




@ Page 1 0of 3
Shaw- Sample Collection Log
Shaw E&], inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW25 Collection Date: 3 /(.&4
Sample Number: DE3003 Collection Time: 9/)5
Sample Name: PBOW-04-PB-BED-MW25-DE3003 Start Depth: 35’
Sampling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
" TERED METALS 1- 250 mL HDPE
1 wuTAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass
TOC * |2 - 40 mL Vial
CYANIDE 1-1L HDPE
ALKALINITY
CHLORIDE
NITRATE
SULFATE 1-1LHDPE
TDS
TSS
TURBIDITY
HARDNESS 1 - 250 mL HDPE
Comments:

A W{gg/m e

. &ged by/Date:

./6020 Reviewed by/Date:bO"\/“;( %‘V%‘/é' 3/ 1!{ g




Page 20f 3

s GROUNDWATER PURGE FORM
Shaw E&|, Inc.
Location Code: PB-BED-MW25
Sample Number: DE3003
Water Quality Parameter Measurements
Date/ DTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turblidity
Time (. BTOC) | (ml/min) Volume {degree C) {umhos/cm)  |(std. units) {mv) (mgilL) (NTU)
13.93 Purged (L) _
¥35 2423 | 6Y | 2056 | 22€ |-/a03] 26%]| 2.5
2F901/3.81 | oo * [0.36 | 2.0728 2.0% |-1%.2| YAl =22
%ﬂ‘_ﬁ t« 4o 22 | | 216 2.05 -é;z; g-/;; .0
3,29 X £.0 Z03% |-A%) A 9D
%55 113.99 | 1< 2L M?’% z,é‘{?} 703 |-2%39¢& | 8.2 oY)
2922 1131.24 « /8.0 . LEZ] ol |-will e | €6
2905 | 1153 120 112591 ¢ Wl I-B8I | 60 | 2O
290 | 13-%3] « (4.0 /&%6_ L4622 2.0 "1 Al o6 | OO
o5 1132/ | .o |10.95| |.L25 20) |-3034l .0 | O.2
’ . o
~
T~
T~ g
o /
/
é
/ /
N
S~
—
\
AN
A\
I'd
AN
N
~N
~

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mi. - milliliter; L - Liter

Total ﬂuv‘ﬁe Vol. = ':J‘Zﬁa/
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3. /.

GROUNDWATER SAMPLING FORM

Page 3 of 3

Project Number: 843635 Collection Date: Y4 ‘Z Form Completed By: A . égéah

Project Name: PBOW Collection Time: il 7 Sampler(s): D. Kessler, Z. Parham
Sh ® investigation Site: Background Ve Sample Filtered (Yes/No): Yes; Metals

aw RFA/COC Number: YBOB H@‘PST'L/ K WeatherITemp Co% . wfw[v Reviewed By: D Kecs e
; U
Sarrup'eIPIBIOlWl IPIBI IBIElDI IMIWI215I IGIWI-IDIEI3IOIOI3I
MONITORING WELL lNFORMATION [use top of casing (TOC) for all measurements]

Well Number: MW25 Outside Casing Dia. (in): . 2” Odor:
Well Secure (Yes / No): Yes Depth to Product {ft): NA Vapor Monitor Type: PID/LEL
Well Labeled (Yes / No): Yes Total Well Depth (ft): 40.6° Vapor Monitor S/N: ]
Well Condition: Good Depth to Water (ft): /3, 5‘5 ; Reading (ppm): LEL=D % 0:2=23m,4 %

Top of Screen: 30’ Water Column: 6.7 7

V=,

C= @ ppm H:S=~> ppm

Screen Height: 10° Top of Filter Pack: £ 5 Depth Pump Set:
Casing Type: PVC Pump Type: b/M/M Pump Settings: psi - 20, Refill - 10, Discharge -5
Remarks:
MONITORING WELL PURGE CALCULATIONS P

Volume of Water in Casing: Gallonsfoot = 0.041 x d°, where d is casing diameter in inches = (0.041

galft

Well Voiume (gallons) = Water C

Volume of Water in Filter Pack: Gallonsffoot = 0.

Galfft= gallons

ere D is total borehole dia. in inches & d is casing dia. in inches = 0.041 x ((

Y —( M= gal/ft

ft + ft)y x galffty x 0.3 = gallons

Filter Pack Volume (gal) = ((Screen Hei and Above Set or Water Column) x gal/ft) x porosity (0.3) = ((Screen Height

gal + gal = gal

Purge Well Volume: P ell Volume — Filter Pack Volume + Well Volume =

1x PWolume (gal.)

2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.)

4 x Purge Well Volume (gal.)

5 x Purge Well Volume (gal.)

/

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4" ID Tubing = 0.01 Liters/t. 3/8" ID Tubing = 0.02 Liters/ft.

2" Bladder Pump Volume = 0.3 Liters

Tubing Length = ft.

Tubing Volume (Liters) = ([Tubing Liters/ft. x Tubing length] + Pump volume) x 3 = ({0.01 L/ft x _Z&ft] +03L)x3=_2. Z L

Total Volume Purged: Z-] L Liters to gallons =L x0.26gall. = , 544 Pes /




@ Page 1 of 1
Shaw- Sample Collection Log
Shaw E &, Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW25 Collection Date: 2./ 04
Sample Number: DE3003-MS Collection Time: #$/4
Sample Name: PBOW-04-PB-BED-MW25-DE3003-MS Start Depth: 34 !
Sampling Method: Low Flow End Depth: ~—
Sample Type: GwW - Sample Matrix: WATER
Sample Purpose: MS Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
T SRED METALS 1 - 250 mL HDPE
Tu s AL METALS 1- 250 mL HDPE
EXPLOSIVES 1 -1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2 -1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1L HDPE - _ _
ALKALINITY See sample# DE3003 for location information.
CHLORIDE '
NITRATE
SULFATE 1-1L HDPE
TDS
TSS
TURBIDITY
HARDNESS 1 - 250 mL HDPE
Comments: See sample# DE3003 for purge and location informatioh.

L _ged by/Date:

3.0L0Y

Reviewed by/Date:D Oz/wv;/ [ﬁed/é"‘ 3 (c( g



2 Page 1 of |

Shaw- Sample Collection Log

Shaw E &1, Inc. Plum Brook Ordnance Works

Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW25 Collection Date: 3./7.0%
Sample Number: DE3003-MSD Collection Time: £%/5
Sample Name: PBOW-04-PB-BED-MW25-DE3003-MSD Start Depth: 3% /
Sampling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: MSD Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
FILTERED METALS 1 - 250 mL HDPE
TOTAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass
TOC 2 - 40 mL Vial _
CYANIDE 1-1LHDPE _ )
ALKALINITY See sample# DE3003 for location information.
CHLORIDE '
NITRATE
SULFATE 1-1L HDPE
TDS
TSS
TURBIDITY
HARDNESS 1 - 250 mL HDPE
Comments: See sample# DE3003 for purge and location information.

Logged by/Date:

Reviewed by/Date: V)awv;:/ K%/H&— b / (~t-[ O’""




@ Page 1 of 3
Shaw- Sample Collection Log
Shaw E&], Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW28 CollectionDate: = 2. 9. (¢
Sample Number: DE3004 Collection Time: 1410
Sample Name: PBOW-04-PB-BED-MW28-DE3004 Start Depth: 3 7\‘
Saﬁlpling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
} TERED METALS 1 - 250 mL HDPE
. .TAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1LHDPE
ALKALINITY
CHLORIDE
NITRATE
SULFATE 1-1LHDPE
TDS
TSS
TURBIDITY
HARDNESS 1 - 250 mL HDPE
Comments: AN 2&3‘ 2les V{l/ac el (g _ic e

2ged by/Date: 1 %ﬁtf Reviewed by/Date:\Dow\,;ﬂ IZM k }/ q / oy




Page 2 of 3

SI&“ GROUNDWATER PURGE FORM

Shaw E&|, Inc.

Location Code: PB-BED-MW28
Sample Number: DE3004

Water Quality Parameter Measurements
Date/ oTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turbidity
Time (ft. BTOC) | (mL/min) Volume (degree C) {(umhos/cm)  |(std. units) (mv) (mgiL) (NTU)
3904 Purged (L)
1325 426 | (72 | D.©0 — — — — | — —
(330 g 46 1,95 9951 [76% 3961937 113 | 2.]
/%35 16,52 'l Lz2 | 2,95A 1,756 9851269 @94 | & O
/1340 16.5] It 255 | 9,3 IZ Vi 255 | v&¢e oo | o &
(34515, 9) 1150 |49 | 4949] [ 79A %54 1292 | Gao| & O
%50 | £.9) L 415 | o] 1,730 % 549 760 | 0.0 | &.0
(395 |62 | ! 492 10023 1.730 .92 |00 o0
1960 | 6,%) (e vt |fo-ow | |73 %51 172549 100 Q.0
(9051 6.5/ H 6.40 | [0op /.73% %950 17294 12.0 2.0
(410 16,51 ¥ zlo lwoel ]| .73 50| ¥9.3 1 A0 | 20
4 « ( K] Vi
]
\
\\
\\ N
5%
/
( \\)g%
RN
1\
A}
Z
4
[
\
N3
,‘_\%
. 7N
~N
~

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter
T
loral furge Volume = 2.5 gullns |
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GROUNDWATER SAMPLING FORM

Form Completed By: Z ; éd P '

Sampler(s): D. Kessler, Z. Parham

Collection Date: _5 %0 </

Collection Time: (4o
Sample Filtered (Yes/No): Yes; Metals

Project Number: 843635
Project Name: PBOW

Page 3 of 3

Investigation Site: Backgrou q

RFAICOC Number: P B 03 045 TL\ \LN

Shaw*

WeatherIT emp

ﬁmﬁv r CZ:/M/Q

3‘;" (N Reviewed By:

10141,«1'

Samp'elPIBIOIWI

7:§fI,BIE|DTIMIWI2I8I IGIWT-'JDIE|3|»°'°.'

7]

MONITORING WELL INFORMATION [use top of casing (T OC) for all measurements]

Well Number: MW28 Qutside Casing Dia. (in): 2” Qdor: ﬂ%

Well Secure (Yes / No): Yes Depth to Product (ft): NA Vapor Monitor Type: f@lﬁ_—

Well Labeled (Yes / No): Yes Total Well Depth (ft): 41.9 Vapor Monitor S/N: Qpr !

Well Condition: Good Depth to Water (ft): /7" M Reading (ppm): LEL = Vo % 02= 26 %

Top of Screen: 26.65’ Water Column: 35 '6 ‘7’ SIp - 20 C= (> ppm H:S=,) ppm

Screen Height: 15 Top of Filter Pack: /7, 5 ‘ Depth Pump Set: 32’

Casing Type: PVC Pump Type: f /ﬁéé/f pe Pump Settings: psi— 20, Refill - 10, Discharge - 5
Remarks:

MONITORING WELL PURGE CALCULATIONS

Volume of Water in Casing: Gallons/foot = 0.041 x d°, where d is casing diameter in inches = (0.041 x ( ) =

Well Volume (gallons) = Water Column (ft) x Galfft = gallons

Volume of Water in Filter Pack: Gallons/foot = 0.041 x 7S thtal borehole dia. in inches & d is eesing dia. in inches = 0.041 x ((

Y= ( Y) = gal/ft

Filter Pack Volume (gal) = ({Screen Height + Set or Water Column) x gai/ft) x porosity (0.3) = ((Screen Height ft + ft) x

.- galftyx0.3 = gallons

LA

gal + gal

gal =

Purge Well Volume: Wme - Filter Pack Volume + Well Volume =

1x PWume (gal.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.)

5 x Purge Well Volume (gal.)

-

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4” ID Tubing = 0.01 Liters/ft. 3/8” ID Tubing = 0.02 Liters/ft. 2" Bladder Pump Volume = 0.3 Liters

Tubing Length = 37 ft.

Tubing Volume (Liters) = ([Tubing Liters/ft. x Tubing length] + Pump volume) x 3 = ({0.01 LAt x 59 fil]+03L)x3= , o7

-—

Total Volume Purged OF7 L Liters to galions = L x 0.26gal/L.

1547 L :
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Shaw"

Shaw E &1, Inc.

Page 1 of 3

Sample Collection Log

‘Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW29 Collection Date: $, /& o4
Sample Number: DE3005 Collection Time: /&5
Sample Name: PBOW-04-PB-BED-MW29-DE3005 Start Depth: 22/
Sampling Method: Low Flow End Depth:
Sample Type: GW Sample Matrix: WATER
Sample Purpose: REG Sample Team: Kessler/Parham
Analytical Suite Containers | Sketch Location
I "ERED METALS 1-250 mL HDPE
1 tAL METALS 1 -250 mL HDPE A/ f
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1L HDPE
ALKALINITY —
CHLORIDE | .'
NITRATE ¢
SULFATE 1-1LHDPE Freld ,'
Vd
wmws - 1l ol =~ <
TSS
TURBIDITY
HARDNESS 1 - 250 mL HDPE PB-BED- pwag

Comments: 4/] Sa.ales M@wel (0,

. ged by/Date:

% ,&, 64 Reviewed by/Date:bW" /z’/ts(j\ 310 / of
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GROUNDWATER PURGE FORM

Page 2 of 3

Shaw-
Shaw E&|, Inc.
Location Code: PB-BED-MW29
Sample Number: DE3005
Water Quality Parameter Measurements

Date/ DTW Purge Rate | Cumulative Temp. Conductivity pH Eh DO Turbidity

Time (ft. BTOC) | (mL/min) Volume {degree C) {(umhos/cm)  [(std. units) {mv) (mglL) (NTU)
3. 10.94 Purged (L)
09/ 2933 {200 | 00 | — — — — [ — | —
IUL | 2.F% | « (O 14521 7.%69 | 48% | 49713461 1555
,%%;%2 W2z 2.; 2.93 1 %.432 6. 7% éqg;’ Z’E% l4]. O

p X %g - =, $.577 . s . .3

%3;? 1.4922 [L22 & ;/.lg 3;;71) 27% ﬁé ‘/.;/'/ }fs
233512, w7 M| 5. 8% é,z% NS ﬁg.g
0402, 936 | /50 120 \r&l2 | ¥,923 | 6.7 24,5 | 1, €6 . ?
%49 2.; o 4.95 pl 675 1396 | 08% | 32,9
-‘Q%Qe? 298 “ 5.7 AZN A3 | 6.7% |34.6 | 4.0 A4
rﬂ 551299 w | 45 | 92U 9.32)] | 6.7 395 140 | /9.3
(00 2,99 u Ze22 1 9251 9219 | 6.7 399 (2o | /21
1005 (3.0) X 2.9 | 9261 9.5 1634 1949.710.0 | 18Y%
100 12,99 z @471 9,205 1 6.7% (346|100 /0.
/1015 13,080 i 2.1% 9207 5‘.73 ’5‘/,“/ &.0 /@, A
ol d{Papmepl N DE%p0e @ 100 ——

\\

—~—
\\ \
_—— > rdl
zZ P
AN
N
AN
-/
Qg
™~
~

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mb - milliliter; L - Liter

Toral purje Vol - |4 2«-(



GROUNDWATER SAMPLING FORM  Page3of3-

Project Number: 843635 Collection Date: 3./ a0 "/ Form Completed By: Z, 22&4 e :

Project Name: PBOW Collection Time: / ﬂ/f;' Sampler{s): D. Kessler, Z. Parham
Sh w Investigation Site: Background A/L ’ Sample Filtered (Yes/No): Yes; Metals
a RFA/COC Number: PP)G’? 10 (7'{571— }C Weather/T emp Spcm ry & Qhﬂ Reviewed By: W K(AA

K4

SamplelP1BlO|WI-]0]‘| IP!Bl IBIEIDI |M|W|2l9| IGIWI-IDIE|3|0|01 ]

MONITORING WELL lNFORMATlON [use top of casing (TOC) for aIl measurements]

Well Number: MW29 Outside Casing Dia. (in): 2" Odor: // A

Well Secure (Yes / No): Yes Depth to Product (ft): NA Vapor Monitor Type: PID/LEL

Well Labeled (Yes / No): Yes Total Well Depth (ft): 37.9’ Vapor Monitor S/N: /

Well Condition: Good Depth to Water (ft): 2 7 z Reading (ppm): LEL= / Z% 02 %‘%

Top of Screen: 27.65' Water Column: } 5 ) ‘7 &rg > A0 C= (2 ppm H.S= () Ppm

Screen Height: 10° Top of Filter Pack: zg ¢ Depth Pump Set: 32’

Casing Type: PVC Pump Type: /7’ /M,\ Pump Settings: psi 19.5 — 20, Refill - 10, Discharge - §
Remarks:

MONITORING WELL PURGE CALCULATIONS

Volume of Water in Casing: Gallons/foot = 0.041 x d?, where d is casing diameter in inches = (0.041 x ( ) = galfft
Well Volume (gallons) = Water Column (ft) x Gal/ft = ft x gallons
Volume of Water in Filter Pack: Gallons/foot = 0.941 x (D%d?), wﬁw ' ia. in inches & d is casing dia. in inches = 0.041 x (( Y~ ( ) = galft
Filter Pack Volume (gal) = ((Screen Height + SanM&lumn) x galfft) x porosity (0.3) = ((Screen Height ft + ft) x galffty x0.3=____ gallons
Purge Well Volume: Purge WPack Volume + Well Volume = gal + gal = gal '
1 x Purge WI.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.)

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubing/pump volumes required for PBOW)

Volume of Water in Tubing: 1/4” ID Tubing = 0.01 Liters/ft. 3/8” ID Tubing = 0.02 Liters/ft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = ft.

Tubing Volume (Liters) = ([Tubing Liters/ft. x Tubing length] + Pump volume) X 3 =.([0.01 Lift x ﬁ Z fi]+03L ) x3= 72 Q’# L 1

Total Volume Purged: 2 &[ L Liters to gallons = Lx026gaI/L = 5} tya(




& Page 1 of 1

Shaw- Sample Collection Log
Shaw E &1, Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW25 Collection Date: 4 .//.0%
Sample Number: DE3006 Collection Time: £4/&
Sample Name: PBOW-04-PB-BED-MW?25-DE3006 Start Depth: 55 /
Sampling Method: Low Flow End Depth: —
Sample Type: GW Sample Matrix: WATER
Sample Purpose: FD Sample Team: Kessler/Parham
Analytical Suite Containers ~ Sketch Location

- TERED METALS 1- 250 mL HDPE

. . {AL METALS 1 - 250 mL HDPE

EXPLOSIVES 1-1L Amb. Glass

VOLATILES 3 -40 mL Vial

SEMIVOLATILES 2-1L Amb. Glass

See sample# DE3003 for location information.

Comments: See sample# DE3003 for purge and location information.

,ged by/Date:

. (,a'-/ Reviewedby/Date:m W K(M\ g/n(ggl ,




@ Page 1 of 1

Shaw- Sample Collection Log
Shaw E &1, Inc. Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Location Code: PB-BED-MW25 Collection Date: %, //. /2 ‘/
Sample Number: DE3007 Collection Time: 9/5
Sample Name: PBOW-04-PB-BED-MW25-DE3007 Start Depth: {5
Sampling Method: Low Flow End Depth: —
Sample Type: GW -Sample Matrix: WATER
Sample Purpose: - FS - Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location

|FILTERED METALS 1 - 250 mL HDPE
TOTAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass

' |VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2-1L Amb. Glass

See sam__ple# DE3003 for location information.

Comments: See sample# DE3003 for purge and location information.

Logged by/Date: 3/ /10?/ Reviewed by/Date: moﬂ/v;{/ /({;;dzgv }/ U//&L/



VAN

Shaw-

Shaw E & |, Inc.

Sampie Collection Log

Plum Brook Ordnance Works
Project No: 843656 Project Manager: S. Downey

Page 1 of 3

3.2 ﬂ?‘

Location Code: PB-BED-MW26 Collection Date: m
Sample Number: DE3008 Collection Time: g/ j
Sample Name: PBOW-04-PB-BED-MW26-DE3008 Start Depth: 4/ A
Sampling Method: ~ Low Flow—— End Depth: A/ A
Sample Type: W } / Sample Matrix: WATER
Sample Purpose: REG m.f Sample Team: Kessler/Parham
Analytical Suite Containers Sketch Location
I-~ TERED METALS 1-250 mL HDPE

fAL METALS 1 - 250 mL HDPE
EXPLOSIVES 1-1L Amb. Glass
VOLATILES 3 - 40 mL Vial
SEMIVOLATILES 2 -1L Amb. Glass
TOC 2 - 40 mL Vial
CYANIDE 1-1LHDPE .
ALKALINITY
CHLORIDE
NITRATE
SULFATE 1-1LHDPE
TDS
TSS
TURBIDITY
HARDNESS 1 -250 mL HDPE
Comments: P <=1% 6

LERS = Qver H,s= 8 C =175
prw- 5%, 22 J/) Aﬁ?é We=2.45"
2ged by/Date: /ﬁ pﬁ’ Reviewed by/Datehd»mj K(,«VPZ\ 3/ W / oY




APPENDIX C

DATA VALIDATION SUMMARY

KN4\PBOWI1h Qtr\Text 9th6/8/200419:04 AM



Data Validation Summary Report
Plum Brook Ordnance Works
Sandusky, Ohio

1.0 Introduction

Level III data validation was performed on 100 percent of the environmental samples collected
for December 2003 sampling event. The analytical data consisted of one sample delivery group
(SDG) PB046, which was analyzed by Severn Trent Laboratories (STL). In addition, validation
of the field-split data, which were analyzed by Accutest Laboratories, was performed and
findings are discussed in section 5.0 of this report. Water matrix was validated.

The following samples were validated for this site investigation:

SDG Number Sample Number
PB046 DE3000, DE3001, DE3002, DE3003, DE3004, DE3005, DE3007

The chemical parameters for which the samples were analyzed are identified below:

Parameter (Prep/Analytical Method)

Volatile Organics by GC/MS SW846 5030/8260B
Semivolatile Organics by GC/MS SW846 3510C/8270C
Total and Dissolved Metals by SW846 3005A/6010B and 7470A
Nitroaromatic and Nitramine Explosives by SW846 8330M
Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity,
Turbidity, TSD, TSS, Hardness, Cyanide)

2.0 Procedures
The sample data were validated following the logic identified in the EPA Contract Laboratory

Program (CLP) National Functional Guidelines for Inorganic Data Review (July 2002) and the
EPA Contract Laboratory Program National Functional Guidelines for Organic Review
(October 1999) for all areas except blanks. EPA Region Il Modifications to the Laboratory
Data Validation Functional Guidelines for Evaluating Inorganic Analyses (April 1993) and
Region Il Modifications to National Functional Guidelines for Organic Data Review, Multi-
Media, Multi-Concentration (September 1994) were applied to the areas associated with blank
contamination. Specific quality control (QC) criteria as identified in the quality assurance plan
(QAP), analytical methods, and laboratory standard operating procedures (SOP) were applied to

KN4\PBOW\9th QINAPC\6/8/2004\10:05 AM 1



all sample results. As a result of the use of Update III SW846 test methods for the analytical data
and the application of the Contract Laboratory Program (CLP) guidelines during the validation
process, there were instances where specific QC requirements for all target compounds were not
defined. This primarily occurred in the organic, gas chromatography (GC) and GC/mass
spectrometry (MS) calibration areas and is due to the fact that the analytical methods are
performance-based and allow the use of average calibration responses in lieu of individual
responses, which are defined by CLP protocol. In light of applying CLP guidelines to SW846
methods and evaluating the usability of the data during the validation process, specific QC
criteria were determined to address all target compounds and are identified in this report for each
parameter, as well as in the validation checklists, which function as worksheets. All completed
validation checklists are included in attachment A. For those analytical methods not addressed
by the CLP and Region III guidelines, the validation was based on the method requirements (i.e.,
SW846, Code of Federal Regulations, SOPs) and technical judgment, following the logic of the

CLP validation guidelines.

3.0 Summary of Data Validation Findings

The overall quality of the data was determined to be acceptable with minimal qualifications.

The only rejected data (“R” qualified) was due to “poor performing” volatile compounds
(ketones, some halogenated hydrocarbons, etc.), which experienced poor calibration responses in
the associated calibration data and samples that were reanalyzed and have more than one set of
results reported. The “R” qualifier was assigned to the samples with more than one set of results
to indicate that a given result should not be used to characterize a particular constituent or an

analysis for a given sample.

Individual validation reports have been prepared for each parameter, and the overall results of the
validation findings are summarized in this report. A listing of the validation qualifiers and the
reason codes, along with their definitions, is found in Attachment A. The following section
highlights the key findings of the data validation for each analysis.

4.0 Analysis-Specific Data Validation Summaries
4.1 Volatile Organics by GC/MS SW846 8260B

Overall, the data are of good quality and are usable as reported by the laboratory with the

exceptions noted below. Data were reviewed for the following:

KN4\PBOW\Sth QtrAPC\6/8/2004\10:05 AM 2



Holding Times

Technical holding time criteria were met for all samples.

Initial and Continuing Calibration

The initial calibration (ICAL) and continuing calibrations (CCAL) associated with the project

samples met QC criteria with the following exception(s):

e The following exhibited individual ICAL/CCAL relative response factor (RRF) <0.1:

SDG Validation
Number Samples Affected Compound(s) Qualifier
PB046 All 2-Butanone, Acetone, Bromomethane J/R

e The following exhibited individual ICAL relative standard deviation (%RSD) >30 and/or
CCAL percent difference (%D) >20:

SDG Validation
Number Samples Affected Compound(s) Qualifier
PB046 DE3000, DE3003, DE3004, DE3006 Bromomethane R
DE3000, DE3001, DE3002, DE3003,
DE3005, DE3006 Chioromethane uJ
DE3001, DE3002, DE3005 Xylenes, Total JIUJ
Blanks

The 5X/10X rule for contaminants found in the associated equipment rinses, trip blanks, and

method blanks was applied to all sample results. All were found to be acceptable with the

following exception(s):

SDG Blank Validation
Samples Affected Compound(s -
Number P P (s) Contaminant | Qualifier
PB046 DE3001, DE3004, DE3005, DE3006 Methylene Chloride B B

Surrogate Recoveries

All surrogate recoveries were within QC limits.

Matrix Spike / Matrix Spike Duplicate

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed for the project samples,

and all QC criteria were met.
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Laboratory Control Sample

Laboratory Control Sample (LCS) analysis was performed for the project samples and all QC

criteria were met.

Field Duplicates

Original and field duplicate results were evaluated and no problems were identified.

Internal Standards

All internal standards met QC criteria.

Quantitation

Results quantitated between the method detection limit (MDL) and the reporting limit (RL),

which the lab qualified as “J”, were qualified as estimated “J* unless blank contamination was

present or the results were rejected.

4.2 Semivolatile Organics by GC/MS SW846 8270C
Overall, the data are of good quality and are usable as reported by the laboratory with the

exceptions noted below. Data were reviewed for the following:

Holding Times

Technical holding time criteria were met for all samples, with the exception of the following:

SDG Number Samples Affected Compound(s) Vg:::;#::
PB046 DE3004 All uJ

e Sample was re-extracted outside of holding time since the original analysis experienced

surrogate recovery problems.

Initial and Continuing Calibration

All initial and continuing calibrations associated with the project samples met QC criteria with

the following exception(s):

o The following exhibited individual ICAL relative standard deviation (%RSD) >30 and/or

CCAL percent difference (%D) >20:
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SDG Number Samples Affected Compound(s) "3",';’.‘,':-,';’,"
PB046 DE3003, DE3006 2,4-Dinitrophenol uJ
Blanks

The 5X/10X rule for contaminants found in the associated equipment rinses and method blanks
was applied to all sample results. All were found to be acceptable.

Surrogate Recoveries
All surrogate recoveries were within QC criteria.

Matrix Spike / Matrix Spike Duplicate
MS/MSD analysis was performed for the project samples, and all QC criteria were met.

Laboratory Control Sample
LCS analysis was performed for the project samples, and all QC criteria were met.

Field Duplicates
Original and field duplicate results were evaluated, and all QC criteria were met.

Internal Standards
All internal standards met QC criteria.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified

as estimated “J” unless blank contamination was present or the results were rejected.

4.3 Total and Dissolved Metals by SW846 6010B/7470A
Overall, the data are of good quality and are usable as reported by the laboratory with the
exceptions noted below. Data were reviewed for the following:

Holding Times
Technical holding time criteria were met for all samples.

Initial and Continuing Calibrations
All initial and continuing calibrations associated with the project samples met QC criteria.
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Blanks

The 5X rule for contaminants found in the associated equipment rinse, calibration, and method

blanks was applied to all sample results. All criteria were acceptable with the following

exception(s):
Blank Validation
SDG Samples Affected Element(s) Contaminant Qualifier
DE3000, DE3004, DE3006 Thallium Prep B
PB046 (Total) [DE3001, DE3002, DE3003, Aluminum Calibration 5
DE3004, DE3006
DE3001, DE3004, DE3005 Arsenic Calibration B
DE3000 Nickel Calibration B
DE3005 Cobalt Calibration B
DE3000, DE3004 Zinc Calibration B
PB046 All Aluminum Calibration B
(dissolved) DE3004 Arsenic Calibration B
DE3001 Copper Calibration B
DE3000, DE3004, DE3005 Zinc Calibration B

Matrix Spike / Matrix Spike Duplicate

MS/MSD analysis was performed for the project samples, and all QC criteria were met.

Laboratory Control Sample

LCS analysis was performed for the project samples, and all QC criteria were met.

Interference Check Sample

All Interference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were

met.

Inductively Coupled Plasma Serial Dilutions

All QC criteria were met for the serial dilutions associated with the project samples with the

following exception(s):
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SDG Samples Affected Element(s) Validation Qualifier
PB046 (Total/Dissolved) All Potassium J

Field Duplicates
Original and field duplicate results were evaluated, and no problems were identified.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “B”, were qualified
as estimated “J” unless blank contamination was present or the results were rejected.

4.4 Nitroaromatic and Nitramine Explosives by SW846 8330
Overall, the data are of good quality and are usable as reported by the laboratory with the

exceptions noted below. Data were reviewed for the following:

Holding Times
Technical holding time criteria were met for all samples.

Initial and Continuing Calibration
All initial and continuing calibrations associated with the project samples met QC criteria.

Blanks
The 5X rule for contaminants found in the associated equipment rinses and method blanks was

applied to all sample results. All were found to be acceptable.

Surrogate Recoveries

All surrogate recoveries were within QC criteria.

Matrix Spike / Matrix Spike Duplicate
MS/MSD analysis was performed for the project samples, and all QC criteria were met with the

following exception(s):

SDG Number Samples Affected Compound(s) Validation Qualifier

PB046 All Tetryl uJ
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Laboratory Control Sample
LCS analysis was performed for the project samples, and all QC criteria were met.

Field Duplicates
Original and field duplicate results were evaluated, and no problems were identified.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified

as estimated “J” unless blank contamination was present or the results were rejected.

4.5 Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, TDS,
TSS, Hardness, Cyanide)

Overall, the data are of good quality and are usable as reported by the laboratory with the

exceptions noted below. Data were reviewed for the following:

Preservation
Preservation criteria were met for all samples.

Holding Times

Technical holding time criteria were met for all samples.

Initial and Continuing Calibration

All initial and continuing calibrations associated with the project samples met QC criteria.

Blanks
The 5X rule for contaminants found in the associated equipment rinses and method blanks was

applied to all sample results. All were found to be acceptable.

Matrix Spike / Matrix Spike Duplicate
MS/MSD analysis was performed for the project samples, and all QC criteria were met with the

following exception(s):

SDG Number Samples Affected Compound(s) Validation Qualifier

PB046 All Cyanide uJ
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Laboratory Control Sample

LCS analysis was performed for the project samples, and all QC criteria were met.

Field Duplicates
Original and field duplicate results were evaluated, and no problems were identified.

Quantitation

Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified
as estimated “J” unless blank contamination was present or the results were rejected. Results
rejected in favor of a preferred result (e.g., due to dilution or reanalysis) were qualified as
rejected “R”.

5.0 Quality Assurance Field Split Sample Data Evaluation

Data from the quality assurance split sample: SDG F22742 sample DE3007, were validated. The
FS sample was analyzed for Volatiles by SW846 8260B, Semivolatiles by SW846 8270C,
Explosives by SW846 8330, and Total and Dissolved Metals by SW846 6010B and 7470A. The
following section highlights the key findings of the data validation for each analysis.

5.1 Volatile Organics by GC/MS SW846 8260B
Overall, the data are of good quality and are usable as reported by the laboratory with the

exceptions noted below. Data were reviewed for the following:

Preservation

Preservation criteria were met for all samples.

Holding Times

Technical holding time criteria were met for all samples.

Initial and Continuing Calibration
The initial calibration (ICAL) and continuing calibrations (CCAL) associated with the project

samples met QC criteria with the following exception(s):

o The following exhibited individual ICAL/CCAL relative response factor (RRF) <0.1:
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SDG Validation
Number Samples Affected Compound(s) Qualifier
F22742 | DE3007 Acetone R

e The following exhibited individual ICAL relative standard deviation (%RSD) >30 and/or

CCAL percent difference (%D) >20:

SDG Validation
Number Samples Affected Compound(s) Qualifier
F22742 | DE3007 Chioroethane uJ

Blanks

The 5X/10X rule for contaminants found in the associated trip blanks and method blanks was
applied to all sample results. All were found to be acceptable.

Surrogate Recoveries

All surrogate recoveries were within QC limits.

Matrix Spike / Matrix Spike Duplicate

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed for the project samples,

and all QC criteria were met.

Laboratory Control Sample

Laboratory Control Sample (LCS) analysis was performed for the project samples, and all QC

criteria were met.

Internal Standards

All internal standards met QC criteria with the following exception:

SDG Validation
Number Samples Affected Compound(s) Qualifier
F22742 DE3007 1,1,2,2-Tetrachloroethane uJ

Field Split/Original Sample Comparison

SDG F22742. DE3003 (original) and DE3007 (FS) results were evaluated. It should be noted
that the original sample had positive results for Carbon disulfide above the reporting limits and

Toluene below the reporting limits. All results for the field split sample were non-detect.
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Quantitation
Results quantitated between the method detection limit (MDL) and the reporting limit (RL),

which the lab qualified as “J”, were qualified as estimated “J“ unless blank contamination was

present or the results were rejected.

5.2 Semivolatile Organics by GC/MS SW846 8270C
Overall, the data are of good quality and are usable as reported by the laboratory. Data were

reviewed for the following:

Holding Times
Technical holding time criteria were met for all samples.

Initial and Continuing Calibration

The initial calibration and continuing calibrations associated with the project samples met QC
criteria.

Blanks
The 5X/10X rule for contaminants found in the associated blanks was applied to all sample
results and all were found to be acceptable.

Matrix Spike / Matrix Spike Duplicate
Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed for the project samples,

and all QC criteria were met.

Laboratory Control Sample
LCS analysis was performed for the project samples, and all QC criteria were met.

Surrogate Recoveries

All surrogate recoveries were within QC criteria.

Internal Standards
All internal standards met QC.
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Field Split/Original Sample Comparison

SDG F22742. DE3003 (original) and DE3007 (FS) results were evaluated. It should be noted
that both samples were non-detect for all compounds.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified
as estimated “J” unless blank contamination was present or the results were rejected.

5.3 Total and Dissolved Metals by SW846 6010B/7470A
Overall, the data are of good quality and are usable as reported by the laboratory. Data were

reviewed for the following:

Holding Times
Technical holding time criteria were met for all samples.

Initial and Continuing Calibration
All initial and continuing calibrations associated with the project samples met QC criteria.

Blanks
The 5X rule for contaminants found in the associated blanks was applied to all sample results and

all were found to be acceptable.

Matrix Spike / Matrix Spike Duplicate
Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed for the project samples,

and all QC criteria were met.

Laboratory Control Sample (LCS)
All QC criteria were met for the LCS associated with the project sample analyses.

Interference Check Sample
All Interference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were

met.

Inductively Coupled Plasma Serial Dilutions
All QC criteria were met for the serial dilutions associated with the project.
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Field Split/Original Sample Comparison

SDG F22742. DE3003 (original) and DE3007 (FS) results were evaluated. All RPD QC

criteria for total and dissolved results were met.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified
as estimated “J” unless blank contamination was present or the results were rejected.

5.4 Nitroaromatic and Nitramine Explosives by SW846 8330
Overall, the data are of good quality and are usable as reported by the laboratory. Data were

reviewed for the following:

Holding Times
Technical holding time criteria were met for all samples.

Initial and Continuing Calibration
All initial and continuing calibrations associated with the project samples met QC criteria.

Blanks
The 5X rule for contaminants found in the associated equipment rinses and method blanks was
applied to all sample results. All were found to be acceptable.

Surrogate Recoveries
All surrogate recoveries were within QC criteria.

Matrix Spike / Matrix Spike Duplicate
Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed for the project samples,

and all QC criteria were met.

Laboratory Control Sample
LCS analysis was performed for the project samples, and all QC criteria were met.

KN4\PBOW\9th QI\APC\6/8/2004\10:05 AM 13



Field Split/Original Sample Comparison

SDG F22742. DE3003 (original) and DE3007 (FS) results were evaluated. It should be noted
that DE3003 (original) and DE3007 (FS) were non-detect for all compounds.

Quantitation
Results quantified between the MDL and the RL, which the lab qualified as “J”, were qualified

as estimated “J” unless blank contamination was present or the results were rejected. Results
rejected in favor of a preferred result (e.g., due to dilution or reanalysis) were qualified as

rejected “R”.
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ATTACHMENT A

VALIDATION QUALIFIERS
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Validation Qualifiers
U Not detected. The compound/analyte was analyzed for, but not detected above
the associated reporting limit.

J The compound/analyte was positively identified; the reported vaiue is the estimated
concentration of the constituent detected in the sample analyzed.

B The concentration reported was detected below the levels reported in the associated
equipment rinse samples and/or laboratory method and trip blanks. (5X/10X Rule was
applied).

R The reported sample results are rejected due to the following:

1. Severe deficiencies in the supporting quality control data.

2. Anomalies noted in the sampling and/or analysis process, which could affect the
validity of the reported data.

w

The presence or absence of the constituent cannot be verified based on the data
provided.

4. To indicate not to use a particular result in the event of a reanalysis.
uJ The compound/analyte was analyzed for, but not detected above the established
reporting limit. However, review and evaluation of supporting QC data and/or sampling

and analysis process have indicated that the “nondetect” may be inaccurate or imprecise.
The nondetect resuit should be estimated.

KN4\PBOW\9th QINAPC\6/8/2004\10:05 AM



Validation Reason Code Definitions

Reason Code

Definition

01 Sample received outside of 4+/-2 degrees Celsius

01A Improper sample preservation

02 Holding time exceeded

02A Extraction

02B Analysis

03 Instrument performance — outside criteria

03A BFB

03B DFTPP

03C DDT and/or Endrin % breakdown exceeds criteria

03D Retention time windows

03E Resolution

04 Initial calibration results outside specified criteria

04A Compound mean RRF QC criteria not met

04B Individual % RSD criteria not met

04C Correlation coefficient >0.995

05 Continuing calibration results outside specified criteria
05A Compound mean RRF QC criteria not met

058 Compound % D QC criteria not met

06 Result qualified as a result of the 5x/10x blank correction
06A Method or preparation blank

068 ICB or CCB

06C ER

06D TB

06E FB

07 Surrogate recoveries outside control limits

07A Sample

07B Associated method blank or LCS

08 MS/MSD/Duplicate results outside criteria

08A MS and/or MSD recovery not within control limits (accuracy)
08B % RPD outside acceptance criteria (precision)

09 Post digestion spike outside criteria (GFAA)

10 Internal standards outside specified control limits

10A Recovery

10B Retention time

11 L.aboratory control sample recoveries outside specified limits
11A Recovery

11B % RPD (if run in duplicate)

12 Interference check standard

13 Serial dilution

14 Tentatively identified compounds

15 Quantitation

16 Multiple results available; alternate analysis preferred

17 Field duplicate RPD criteria is exceeded

18 Percent difference between original and second column exceeds QC criteria
19 Professional judgement was used to qualify the data

20 Pesticide clean-up checks

21 Target compound identification

22 Radiological calibration

23 Radiological quantitation

24 Reported resuit and/or lab qualifier revised to reflect validation findings
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APPENDIX D

CHEMICAL ANALYTICAL DATA SUMMARY
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

LOCATION_CODE IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 PB-BED-MW25 PB-BED-MW25
SAMPLE_NO DE3000 DE3001 DE3002 DE3003 DE3006
SAMPLE_DATE 11-Mar-04 10-Mar-04 10-Mar-04 11-Mar-04 11-Mar-04
SAMPLE_PURPOSE REG REG REG REG FD
Parameter Units Filtered Result Qual ValQual Result Qual ValQual Resulf Qual ValQual Result Qual ValQual Result Qua) ValQual
Explosives

Amino-2,6-dinitrotoluene, 4-  ug/L N 0.2 u U 0.2 U v 0.2 U U 0.2 U u 02 U U
Amino-4,6-dinitrotoluene, 2-  ug/L N 0.2 u U 0.2 U U 0.2 U U 0.2 u U 0.2 v U
Dinitrobenzene, 1,3- ug/L N 0.2 u U 0.2 u U 0.2 u U 0.2 U U 0.2 U U
Dinitrotoluene, 2,4- mg/kg N

Dinitrotoluene, 2,4- ug/L N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U u
Dinitrotoluene, 2,6- ug/L N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U
HMX ug/L N 0.5 U U 0.5 u u 0.5 U U 05 U U 0.5 u u
Nitrobenzene ug/L N 0.2 U U 0.2 U U 0.2 ) U 0.2 U U 0.2 U u
Nitrotoluene, 2- ug/L N 0.2 u U 0.2 U U 0.2 U U 0.2 U U 0.2 u U
Nitrotoluene, 3- ug/L N 0.2 U u 0.2 u u 0.2 U U 0.2 U U 0.2 U u
Nitrotoluene, 4- ug/L N 0.2 U U 0.2 u u 0.2 u V] 0.2 U U 0.2 U U
RDX ug/L N 0.5 U u 0.5 u u 0.5 u u 0.5 u U 0.5 U u
Tetryl ug/L N 0.2 U uJ 0.2 u uJ 0.2 u uJ 0.2 U uJ 0.2 U uJ
Trinitrobenzene, 1,3,5- ug/L N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U
Trinitrotoluene, 2,4,6- ug/L N 0.2 u U 0.2 U U 0.2 U U 0.2 U U 0.2 U U
General Chemistry

Alkalinity ppm N 189 248 700 331

Chloride ppm N 245 20800 79.7 199

Cyanide, fotal ppm N 001 U uJ 0.01 u Ud 0.01 U uJ 0.01 u uJ

Hardness ppm N 340 9550 670 510

Nitrate ppm N 13 0.1 u u 0.1 u U 0.1 U v

Sulfate ppm N 46.4 5 U U 40.5 142

Total dissolved solids ppm N 352 28700 755 808

Total organic carbon ppm N 1.1 1 U U 1.5 2.3

Total suspended solids ppm N 4 U U 760 4 U U 4 U ]

Turbidity NTU N 0.5 U U 57 235 86.5

Metals

Aluminum ug/L N 200 U U 63.2 B B 61.5 B B 50.3 B B 50.2 B B
Aluminum ug/L Y 616 B B 77.8 B B 56.9 B B 57.7 B B 87.3 B B
Antimony ug/L N 60 u U 60 U U 60 U U 60 U U 60 U U
Antimony ug/L Y 60 U U 60 U ] 60 U U 60 U U 60 u U
Arsenic ug/L N 10 U U 34 B B 10 U U 10 U u 10 u U
Arsenic ug/L Y 10 U U 10 U U 10 U U 10 U U 10 U U
Barium ug/L N 258 B J 25500 489 233 233

Barium ug/L. Y 278 B J 24300 489 239 248

Beryllium ug/L. N 5 U U 5 U u 5 U U 5 U U 5 V) U
Beryllium ug/L Y 5 U v 5 u u 5 u U 5 U U 5 V) U
Cadmium ug/L. N 5 u U 5 u u 5 U u 5 u ] 5 U u
Cadmium ug/L Y 5 U U 5 U U 5 u u 5 u U 5 U u
Calcium ug/L N 66800 2100000 131000 107000 108000

Calcium ug/L Y 66100 2000000 126000 112000 114000

Chromium ug/L N 10 u U 10 U U 10 U u 10 U u 10 U u
Chromium ug/L Y 10 u u 10 u U 10 U u 10 U U 10 U U
Cobalt ug/L N 50 U u 71 B J 50 U u 50 U U 50 U U
Cobait ug/L Y 50 U u 6.2 B J 50 U U 50 u U 50 U u
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

OCATION_CODE IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 PB-BED-MW25 PB-BED-MW25
JAMPLE_NO DE3000 DE3001 DE3002 DE3003 DE3006
SAMPLE_DATE 11-Mar-04 10-Mar-04 10-Mar-04 11-Mar-04 11-Mar-04
’AMPLE_PURPOSE REG REG REG REG FOD
’arameter Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual VaiQual
Jopper ug/L N 25 u U 25 U u 18.5 B J 25 U u 25 u u
>opper ug/L. Y 25 U U 53 B B 25 U u 25 ] U 25 U U
ron ug/L N 100 U U 794 100 U U 82.1 B J 82.7 B J
ron ug/L Y 100 U u 510 100 u u 100 U U 100 U U
.ead ug/L N 3 U U 45 GU 3 U u 3 U U 3 U U
-ead ug/L Y 3 U u 45 GU 3 U U 3 U U 3 U U
Aagnesium ug/L N 25000 992000 69500 41900 42000

Magnesium ug/L Y 24800 944000 67300 43800 44900

Aanganese ug/L N 3.6 B J 183 26.3 451 452

JAanganese ug/L Y 3.6 B J 178 26 46.8 47.7

JAercury ug/L N 0.2 J) U 0.2 U U 0.2 U U 0.2 U U 0.2 U U
Aercury ug/L Y 0.2 U U 0.2 U u 0.2 u U 0.2 U v 0.2 u u
Jickel ug/L N 3.6 B B 40 U U 40 u u 40 U u 40 U V)
Jickel ug/L Y 4.8 B J 40 U u 40 u U 40 U u 40 U u
>otassium ug/L N 2530 B J 174000 J 23700 J 10800 J 10900 J
otassium ug/L Y 2620 B J 173000 J 23900 J 11400 J 11900 J
Selenium ug/L N 5 U u 5 U U 5 u U 5 U U 5 u U
Selenium ug/L Y 5 U u 5 u U 5 u u 5 U U 5 U u
Silver ug/L N 10 U U 10 U U 10 u U 10 U U 10 U U
Sitver ug/L Y 10 U u 10 U U 10 U U 10 U ] 10 U U
Sodium ug/L N 21300 8600000 61800 114000 115000

sodium ug/L Y 22400 8220000 61200 119000 121000

hallium ug/L. N 31 BJ B 10 U U 10 U U 10 U u 44 BJ B
hallium ug/L. Y 5.1 B J 10 U u 2.8 B J 10 u U 84 B J
Janadium ug/L N 50 U U 50 U u 50 U U 50 U U 50 U u
/anadium ug/L Y 50 U U 50 U U 50 U U 50 U u 50 U u
Zinc ug/L N 4.3 B B 436 6.4 B J 20 U U 20 U U
Zinc ug/L Y 3.9 B B 31.4 20 U U 20 U U 20 U U
3emivolatiles

Acenaphthene ug/L N 10 U U 10 U U 10 u u 10 U U 10 U U
Acenaphthylene ug/L N 10 U U 10 U U 10 u u 10 U U 10 u U
Anthracene ug/L N 10 U U 10 U U 10 U U 10 U U 10 U ]
3enzo(a)anthracene ug/L N 10 u U 10 U (U 10 ] u 10 u U 10 U U
3enzo(a)pyrene ug/L N 10 U U 10 U U 10 U u 10 U U 10 U U
3enzo(b)fluoranthene ug/L N 10 U u 10 u U 10 U u 10 u U 10 U U
3enzo(ghi)perylene ug/L N 10 u U 10 U U 10 U U 10 U U 10 U u
3enzo(k)fluoranthene ug/L N 10 U U 10 U U 10 U U 10 U u 10 U u
3is(2-chloroethoxy)methane ug/L N 10 U U 10 U U 10 U U 10 U U 10 ] V]
3is(2-chloroethyl)ether ug/L N 10 V) U 10 ] U 10 U U 10 U ] 10 U U
3is(2-chloroisopropyl)ether  ug/L N 10 U U 10 U U 10 U U 10 ] U 10 U ]
3is(2-ethylhexyl)phthalate ug/L N 10 U U 10 U ] 10 u U 10 U U 10 U 9]
3romophenyl phenyl ether, 4- ug/L N 10 U u 10 u ] 10 u u 10 U U 10 u U
3utyl benzyl phthalate ug/L N 10 u U 10 U U 10 U U 10 U U 10 U U
Carbazole ug/L N 10 U U 10 ] u 10 U U 10 U U 10 U U
Zhioro-3-methylphenol, 4- ug/L N 10 U U 10 U u 10 u U 10 U U 10 u U
Chioroaniline, 4- ug/L N 10 U U 10 u u 10 U U 10 U U 10 U U
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

-OCATION_CODE IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 PB-BED-MW25 PB-BED-MW25
SAMPLE_NO DE3000 DE3001 DE3002 DE3003 DE3006
SAMPLE_DATE 11-Mar-04 10-Mar-04 10-Mar-04 11-Mar-04 11-Mar-04
SAMPLE_PURPOSE REG REG REG REG FD
Sarameter Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Q_u_al algua Result Q_I.& VaIQuaI
Chiloronaphthalene, 2- ug/t N 10 U U 10 U U 10 U U 10 10

Chlorophenol, 2- ug/L N 10 U v 10 U U 10 U U 10 U U 10 U U
Chlorophenyl pheny! ether, 4- ug/L N 10 U U 10 u U 10 U U 10 U U 10 U U
Chrysene ug/L N 10 u U 10 U U 10 u U 10 V] U 10 ] U
Jibenz(a,h)anthracene ug/L N 10 u V] 10 U U 10 U U 10 U V] 10 U U
Dibenzofuran ug/L N 10 U u 10 u u 10 u U 10 U V] 10 u U
Dichlorobenzene, 1,2- ug/L N 10 U u 10 u U 10 u U 10 U U 10 u u
Dichlorobenzene, 1,3- ug/L N 10 U U 10 u U 10 U ] 10 U U 10 u )
Dichlorobenzene, 1,4- ug/L N 10 U u 10 U U 10 u U 10 U U 10 u U
Dichlorobenzidine, 3,3'- ug/L N 50 U U 50 U U 50 U u 50 U U 50 u U
Dichlorophenol, 2,4- ug/L N 10 U U 10 U u 10 U U 10 U U 10 u U
Diethyl phthalate ug/L N 10 U U 10 U U 10 U u 10 U U 10 U U
Dimethy! phthalate ug/L N 10 U v 10 U U 10 U U 10 U U 10 U U
Dimethylphenol, 2,4- ug/L N 10 u U 10 U U 10 U U 10 U U 10 u U
Di-n-butyl phthalate ug/L N 10 U U 10 U U 10 U U 10 u U 10 u U
Dinitro-2-methylphenol, 4,6- ug/L N 50 U U 50 U U 50 U U 50 U U 50 U U
Dinitrophenol, 2,4- ug/L N 50 U U 50 U U 50 U U 50 U uJ 50 U uJ
Dinitrotoluene, 2,4- ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U
Dinitrotoluene, 2,6- ug/L N 10 U U 10 U U 10 U U 10 U U 10 U )
Di-n-octyl phthalate ug/L N 10 u U 10 U U 10 U U 10 U U 10 U U
Fluoranthene ug/L N 10 u U 10 U U 10 U U 10 u U 10 U )
Fiuorene ug/L N 10 U U 10 U U 10 U U 10 U U 10 U u
Hexachlorobenzene ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U
Hexachlorobutadiene ug/L N 10 u U 10 U U 10 U U 10 U U 10 U u
Hexachiorocyclopentadiene  ug/L N 50 U U 50 U U 50 U v 50 U U 50 U u
Hexachloroethane ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U
indeno(1,2,3-cd)pyrene ug/L N 10 U U 10 U u 10 U U 10 U u 10 U U
Isophorone ug/L N 10 U u 10 U U 10 U U 10 u u 10 U U
Methylnaphthalene, 2- ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U
Methylphenol, 2- ug/L N 10 u U 10 U U 10 U U 10 U u 10 u U
Methylphenol, 4- ug/L N 10 U U 10 U U 10 u U 10 U u 10 U U
Naphthalene ug/L N 10 u U 10 U u 10 u U 10 u u 10 U U
Nitroaniline, 2- ug/L N 50 u v 50 u u 50 U u 50 U u 50 U U
Nitroaniline, 3- ug/L N 50 u U 50 U u 50 u U 50 U u 50 U u
Nitroaniline, 4- ug/L N 50 u U 50 u u 50 u U 50 U u 50 U u
Nitrobenzene ug/L N 10 U U 10 u U 10 U u 10 u U 10 U u
Nitrophenol, 2- ug/L N 10 U U 10 u u 10 u u 10 U U 10 U u
Nitrophenol, 4- ug/L N 50 U U 50 u U 50 U u 50 U U 50 U U
n-Nitroso-di-n-propylamine ug/L N 10 U U 10 U U 10 U u 10 u U 10 U U
n-Nitrosodiphenylamine ug/L N 10 U U 10 U U 10 u U 10 U U 10 U U
Pentachlorophenol ug/L N 50 U U 50 u u 50 u u 50 U U 50 U v
Phenanthrene ug/L N 10 U U 10 U U 10 u U 10 U U 10 U U
Phenol ug/L N 10 U U 10 u U 10 u u 10 U U 10 u U
Pyrene ug/L. N 10 v u 10 U U 10 u u 10 U U 10 U U
Trichlorobenzene, 1,2,4- ug/L N 10 U U 10 U V] 10 U U 10 U U 10 U U
Trichlorophenol, 2,4,5- ug/L N 10 V) U 10 u U 10 U u 10 ] U 10 U U
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-OCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Trichiorophenol, 2,4,6-
Volatiles

Acetone

Benzene
Bromodichloromethane
Bromoform
Bromomethane
Butanone, 2-

Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Dichloroethane, 1,1-
Dichloroethane, 1,2-
Dichloroethene, 1,1-
Dichloroethene, 1,2-
Dichloropropane, 1,2-
Dichloropropene, cis-1,3-
Dichloropropene, trans-1,3-
Ethyibenzene
Hexanone, 2-
Methyl-2-pentanone, 4-
Methylene chloride
Styrene
Tetrachloroethane, 1,1,2,2-
Tetrachloroethene
Toluene
Trichloroethane, 1,1,1-
Trichloroethane, 1,1,2-
Trichloroethene

Vinyl chloride

Xylenes, total

KNAPBOW\S

Units
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/t
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Filtered Result Qual ValQual

Z2222Z2Z222Z2222222222222222222222Z2Z2 2
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Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual

Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

-OCATION_CODE PB-BED-MW28 PB-BED-MW29
SAMPLE_NO DE3004 DE3005
SAMPLE_DATE 9-Mar-04 10-Mar-04
SAMPLE_PURPOSE REG REG
Parameter Units Filtered Result Qual ValQual Result Qual ValQual
Explosives

Amino-2,6-dinitrotoluene, 4-  ug/L N 0.2 U U 0.2 u u
Amino-4,6-dinitrotoluene, 2-  ug/L N 0.2 U U 0.2 u U
Dinitrobenzene, 1,3- ug/L N 0.2 U U 0.2 u U
Dinitrotoluene, 2,4- mg’/kg N

Dinitrotoluene, 2,4- ug/L N 0.2 U U 0.2 U U
Dinitrotoluene, 2,6- ug/L N 0.2 U U 0.2 U U
HMX ug/L N 0.5 U u 0.5 U U
Nitrobenzene ug/L N 0.2 U U 0.2 V] U
Nitrotoluene, 2- ug/L N 0.2 U u 0.2 ] U
Nitrotoluene, 3- ug/L N 0.2 V] U 0.2 U U
Nitrotoluene, 4- ug/L N 0.2 u U 0.2 U U
RDX ug/L N 0.5 U U 0.5 U u
Tetryl ug/L N 0.2 u uJ 0.2 u uJ
Trinitrobenzene, 1,3,5- ug/L N 0.2 U U 0.2 U U
Trinitrotoluene, 2,4,6- ug/L. N 0.2 U U 0.2 U U
General Chemistry

Alkalinity ppm N 468 448

Chloride ppm N 168 3050

Cyanide, total ppm N 0.01 U UJ 0.01 U uJ
Hardness ppm N 78 1540

Nitrate ppm N 0.1 U u 0.1 U U
Sulfate ppm N 5 U ] 5 ] U
Total dissolved solids ppm N 774 5450

Total organic carbon ppm N 5.2 2.2

Total suspended solids ppm N 4 U U 105

Turbidity NTU N 1.4 8.1

Metals

Aluminum ug/L N 54.5 B B 103 B J
Aluminum ug/L Y 74.6 B B 85 B B
Antimony ug/L N 60 U U 60 U u
Antimony ug/L. Y 60 U U 60 U U
Arsenic ug/L N 55 B B 26 B B
Arsenic ug/L Y 5 B B 10 U U
Barium ug/L N 342 10800

Barium ug/L Y 354 10800

Beryllium ug/L N 5 U U 5 U U
Beryllium ug/L Y 5 U U 5 U U
Cadmium ug/L N 5 U U 5 U U
Cadmium ug/L Y 5 u U 5 U U
Calcium ug/L N 17500 274000

Calcium ug/L. Y 17900 274000

Chromium ug/L N 10 U U 10 u U
Chromium ug/L Y 10 U U 10 U U
Cobalt ug/L N 50 U U 3.5 B B
Cobalt ug/L Y 50 U U 34 B J
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

LOCATION_CODE PB-BED-MW28 PB-BED-MW29
SAMPLE_NO DE3004 DE3005
SAMPLE_DATE 9-Mar-04 10-Mar-04
SAMPLE_PURPOSE REG REG
Parameter Units Filtered Result Qual ValQual Result Qual ValQual
Copper ug/L N 25 U V) 25 u U
Copper ug/L Y 25 U U 25 U u
Iron ug/L N 219 1480

Iron ug/L Y 186 1060

Lead ug/L N 3 U U 3 u U
Lead ug/L Y 3 U U 3 u u
Magnesium ug/L N 7370 189000

Magnesium ug/L Y 7540 190000

Manganese ug/L N 10.6 B J 46.4

Manganese ug/L Y 11.8 B J 455

Mercury ug/L N 0.2 U u 0.2 U U
Mercury ug/L Y 0.2 U U 0.2 U U
Nickel ug/L N 40 U u 40 U U
Nickel ug/L Y 40 U U 40 U U
Potassium ug/L N 18300 J 112000 J
Potassium ug/L Y 17300 J 114000 J
Selenium ug/L N 5 U U 5 U U
Selenium ug/L Y 5 U U 5 U U
Silver ug/L N 10 U u 10 U U
Silver ug/L Y 10 U U 10 U U
Sodium ug/L N 275000 1350000

Sodium ug/L Y 282000 1360000

Thallium ug/L N 67 BJ B 10 u U
Thallium ug/L. Y 5.2 B J 10 U U
Vanadium ug/L N 50 U U 50 U u
Vanadium ug/L Y 50 U U 50 U u
2Zinc ug/L N 2.8 B B 9 B J
Zinc ug/L Y 3 B B 3.4 B B
Semivolatiles

Acenaphthene ug/L N 10 U uJ 10 u u
Acenaphthylene ug/L N 10 U w 10 U V]
Anthracene ug/L N 10 u w 10 U u
Benzo(a)anthracene ug/L N 10 u uJ 10 U U
Benzo(a)pyrene ug/L N 10 U uJ 10 U U
Benzo(b)fluoranthene ug/L N 10 U uJ 10 u U
Benzo(ghi)perylene ug/L N 10 U uJ 10 U v
Benzo(k)fluoranthene ug/L N 10 U uJ 10 u U
Bis(2-chloroethoxy)methane ug/L N 10 U uJ 10 U u
Bis(2-chloroethyl)ether ug/L N 10 U uJ 10 U U
Bis(2-chloroisopropyl)ether ug/l N 10 U UJ 10 U u
Bis(2-ethylhexyl)phthalate ug/L N 10 u uJ 10 U u
Bromopheny! phenyl ether, 4- ug/L N 10 V) uJ 10 U u
Butyl benzyl phthalate ug/L N 10 U 3K} 10 U U
Carbazole ug/L N 10 u uJ 10 U u
Chloro-3-methylphenol, 4- ug/L N 10 U uJ 10 U u
Chloroaniline, 4- ug/L N 10 U uJ 10 U u
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

_OCATION_CODE PB-BED-MW28 PB-BED-MW29
SAMPLE_NO DE3004 DE3005
SAMPLE_DATE 9-Mar-04 10-Mar-04
SAMPLE_PURPOSE REG REG
Parameter Units Filtered Result Qual ValQual Result Qual ValQual
Chioronaphthalene, 2- ug/L N 10 U uJ 10 U U
Chlorophenol, 2- ug/L N 10 u UJ 10 u U
Chlorophenyl phenyl ether, 4- ug/L N 10 u uJ 10 u u
Chrysene ug/L N 10 u w 10 U U
Dibenz(a,h)anthracene ug/L N 10 U uJ 10 U u
Dibenzofuran ug/L N 10 U uJ 10 u U
Dichlorobenzene, 1,2- ug/L N 10 U uJ 10 U U
Dichlorobenzene, 1,3- ug/t N 10 U uJ 10 U U
Dichlorobenzene, 1,4- ug/L N 10 U UJ 10 U U
Dichlorobenzidine, 3,3'- ug/lL N 50 U uJ 50 U U
Dichlorophenol, 2,4- ug/L N 10 U UJ 10 U U
Diethyl phthalate ug/L N 10 U uJ 10 u U
Dimethyl phthalate ug/L N 10 v uJ 10 U u
Dimethylphenol, 2,4- ug/L N 10 U uJ 10 U U
Di-n-butyl phthalate ug/L N 10 U uJ 10 U U
Dinitro-2-methyiphenol, 4,6- ug/L N 50 U uUJ 50 U U
Dinitrophenol, 2,4- ug/L N 50 U uJ 50 U U
Dinitrotoluene, 2,4- ug/L N 10 u uJ 10 u U
Dinitrotoluene, 2,6- ug/L N 10 U uJ 10 U u
Di-n-octyl phthalate ug/L N 10 U (N} 10 U U
Fluoranthene ug/L N 10 U uJ 10 U U
Fluorene ug/L N 10 U uJ 10 U U
Hexachlorobenzene ug/L N 10 U uJ 10 u U
Hexachlorobutadiene ug/L N 10 U UdJd 10 u U
Hexachlorocyclopentadiene  ug/L N 50 U uJ 50 U U
Hexachloroethane ug/L N 10 U uJ 10 U U
Indeno(1,2,3-cd)pyrene ug/L N 10 U uJ 10 U U
Isophorone ug/L N 10 U uJ 10 uU U
Methylnaphthalene, 2- ug/L N 10 U uJ 10 U U
Methylphenol, 2- ug/L N 10 U uJ 10 U U
Methylphenol, 4- ug/L N 10 U uJ 10 u U
Naphthalene ug/L N 10 U uJ 10 U U
Nitroaniline, 2- ug/L N 50 U uJ 50 U U
Nitroaniline, 3- ug/L N 50 U uJ 50 U U
Nitroaniline, 4- ug/L N 50 U UJ 50 U U
Nitrobenzene ug/L N 10 U uJ 10 U U
Nitrophenol, 2- ug/L N 10 u uJ 10 U u
Nitrophenol, 4- ug/L N 50 u uJ 50 u u
n-Nitroso-di-n-propylamine ug/L N 10 U UJ 10 U u
n-Nitrosodiphenylamine ug/L N 10 U uJ 10 u U
Pentachlorophenol ug/L. N 50 U uJ 50 u u
Phenanthrene ug/L N 10 U UJ 10 u U
Phenol ug/L N 10 V) uJ 10 U U
Pyrene ug/L N 10 u uJ 10 U U
Trichlorobenzene, 1,2,4- ug/l. N 10 U uJ 10 U U
Trichlorophenol, 2,4,5- ug/L N 10 U uJ 10 U U
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LOCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Trichlorophenol, 2 4,6-
Volatiles

Acetone

Benzene
Bromodichloromethane
Bromoform
Bromomethane
Butanone, 2-

Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Dichloroethane, 1,1-
Dichloroethane, 1,2-
Dichloroethene, 1,1-
Dichloroethene, 1,2-
Dichloropropane, 1,2-
Dichloropropene, cis-1,3-
Dichloropropene, trans-1,3-
Ethylbenzene
Hexanone, 2-
Methyl-2-pentanone, 4-
Methylene chloride
Styrene
Tetrachloroethane, 1,1,2,2-
Tetrachloroethene
Toluene
Trichloroethane, 1,1,1-
Trichloroethane, 1,1,2-
Trichloroethene

Vinyl chloride

Xylenes, total

KN4\PBOWASt

ug/L

22222222222 L222ZZ2222222Z22Z22Z22222Z22Z

PB-BED-MW28
DE3004
9-Mar-04
REG
10 U (4N
2.1 J J
1.7
1 u U
1 U U
2 U R
5 U R
13
1 U U
1 U U
2 U U
1 U U
42 J J
1 u u
1 ] U
1 U U
1 V] U
1 V] U
1 U U
1 u U
1 U U
1 u U
5 U U
5 U U
2.1 B
1 U U
1 u U
1 U U
.18 J J
1 U U
1 U U
1 U U
1 U U
1 U U
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Chemical Analytical Data Summary

PB-BED-MW29
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Result
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0.22
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DE3005

REG

Qual ValQual

U

cCcCcCCCCC«CCwCCCCcCCccccccccc CCCCeoco

u

‘—CCCCCCCCUJCCC—CCCCCCCCECCCC DOCCe

Laboratory Qualifier Definitions (Qual)

B (inorganic) - Analyte detected below the reporting limit. Estimated value
G - Reporting limit is elevated because of matrix interferences

J - Analyte detected below the reporting limit. Estimated value

J - (inorganic) Analyte found in the associated method blank.

U - Not detected

Validation Qualifier Definitions (Val Qual)

B - The analyte was not detected above the value found in an associated blank.

J - The analyte was positively identified; the concentration is estimated.

R - Data was rejected

U - Not detected. The anaiyte was not detected above the reporting limit.

UJ - Not detected. The associated reporting limit may be inaccurate or imprecise.

Page



APPENDIX E

DETECTED HITS SUMMARY EXCLUDING “B” QUALIFIERS
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Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Detected Hits Summary Excluding "B" Qualifiers

LOCATION_CODE IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 PB-BED-MW?25 PB-BED-MW25
SAMPLE_NO DE3000 DE3001 DE3002 DE3003 DE3006
SAMPLE_DATE 11-Mar-04 10-Mar-04 10-Mar-04 11-Mar-04 11-Mar-04
SAMPLE_PURPOSE REG REG REG REG FD
Parameter Units Filtered Result Qual VaiQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual
General Chemistry

Alkalinity ppm N 189 248 700 331

Chloride ppm N 24.5 20800 79.7 199

Hardness ppm N 340 9550 670 510

Nitrate ppm N 13 - - - - - - - - -

Sulfate ppm N 46.4 - - - 40.5 142

Total dissolved solids ppm N 352 28700 755 808

Total organic carbon  ppm N 1.1 - - - 1.5 2.3

Total suspended solids ppm N - - - 760 - - - - - -

Turbidity NTU N - - - 57 235 86.5

Metals

Aluminum ug/L N - - - - - - - - - - - - - - -
Barium ug/lL. N 258 8B J 25500 489 233 233

Barium ug/llL Y 2788 J 24300 489 239 248
Calcium ug/lL N 66800 2100000 131000 107000 108000
Calcium ug/ll Y 66100 2000000 126000 112000 114000

Cobalt ug/L N - - - 718 J - - - - - - - - -
Cobalt ug/lt Y - - - 6.2 B J - - - - - - - - -
Copper ug/L N - - - - - - 185 B J - - - - - -
Iron ug/L N - - - 794 - - - 82.1B J 827 B J
Iron ug/l. 'Y - - - 510 - - - - - - - - -
Magnesium ug/L N 25000 992000 69500 41900 42000
Magnesium ug/lL Y 24800 944000 67300 43800 44800
Manganese ug/L N 368B J 183 26.3 451 452
Manganese ug/ll Y 368 J 178 26 48.8 477

Nickel ug/L Y 488B J - - - - - - - - - - - -
Potassium ug/lL N 25308 J 174000 J 23700 J 10800 J 10900 J
Potassium ug/L 'Y 2620 B J 173000 J 23900 J 11400 J 11900 J
Sodium ug/. N 21300 8600000 61800 114000 115000

Sodium ug/lt 'Y 22400 8220000 61200 119000 121000
Thallium ug/l 'Y 518 J - - - 28 8B J - - - 84 8B J
Zinc ug/lL N - - - 436 648 J - - - - - -
Zinc ug/lL Y - - - 314 - - - - - - - - -
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LOCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Volatiles

Acetone

Benzene

Carbon disulfide
Chloromethane
Ethylbenzene
Toluene

Xylenes, total

KN4APBOWAS

IT-BG8-BEDGW-001

DE3000
11-Mar-04
REG
Units Filtered Result Qual ValQual
ug/L N - - -
ug/L N - - -
ug/L N 0.19 J J
ug/L N - - -
ug/L N - - -
ug/L N - - -
ug/t N - - -
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Plum Brook Ordnance Works

Ninth Quarterly Groundwater Monitoring

Detected Hits Summary Excluding "B" Qualifiers

Page

PB-BED-MW20 PB-BED-MW24
DE3001 DE3002
10-Mar-04 10-Mar-04
REG REG
Result Qual ValQual Result Qual ValQual
21J J - - -

1.1 22
0.21J J 9.1 J
- - 9J J

028 J 14
- - 48 J

PB-BED-MW?25
DE3003
11-Mar-04

REG
Result Qual

12

0.13J

ValQual

PB-BED-MW25
DE3006
11-Mar-04

FD
Result Qual

1.5

012 J

ValQual

[



-OCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Sarameter

Seneral Chemistry
Alkalinity

Chloride

-ardness

Nitrate

Sulfate

Total dissolved solids
Total organic carbon
Total suspended solids
Turbidity

Vetals

Ajuminum

Barium

Barium

Calcium

Zalcium

Cobalt

Cobalt

Copper

lron

-ron

Miagnesium
Magnesium
Manganese
Manganese

Nickel

Potassium
Potassium

Sodium

Sodium

Thallium

Zinc

Zinc

Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Detected Hits Summary Excluding "B" Qualifiers

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
NTU

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

222222222

PB-BED-MW28 PB-BED-MW29
DE3004 DE3005
9-Mar-04 10-Mar-04

REG REG
Units Filtered Result Qual ValQual Result Qual ValQual

468 448
168 3050
78 1540
774 5450
5.2 2.2
- - - 105
1.4 8.1

- - - 103 B J
342 10800
354 10800
17500 274000
17900 274000

- - - 348B J

219 1480

186 1060

7370 189000

7540 190000

106 B J 46.4

11.8 B J 455

18300 J 112000
17300 J 114000 J
275000 1350000
282000 1360000
528B J - - -
- - - 9B J

ug/L
ug/L

XZX<LXZCXZL<ZXZ<XZZ<XZ2<Z<ZZ
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LOCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Volatiles

Acetone

Benzene

Carbon disulfide
Chioromethane
Ethylbenzene
Toluene

Xylenes, total

KNAPBOW\E

Plum Brook Ordnance Works
Ninth Quarterly Groundwater Monitoring
Detected Hits Summary Excluding "B" Qualifiers

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

PB-BED-MW?28 PB-BED-MW29
DE3004 DE3005
9-Mar-04 10-Mar-04

REG REG
Units Filtered Result Qual VaiQual Result Qual ValQual
214 J 21J J
1.7 022J J
1.3 1.9

042 J - - -

- - - 0.66 J J

018 J J - - -

- - - 4.5 J

ug/L

Z2Z2Z22Z222Z

Laboratory Qualifier Definitions (Qual)
B (inorganic) - Analyte detected below the reporting limit. Estimated value
J - Analyte detected below the reporting limit. Estimated value

Validation Qualifier Definitions (Val Qual)
J - Estimated value
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APPENDIX F

DATA QUALITY EVALUATION

KN4\PBOW\Sth Qi\DQE March 2003\6/8/2004\11:23 AM



Table of Contents

Page

LSt OF TADIES .....ecveeereteeeeeeee ettt ettt ettt et bt st s s et et s ee et e s assnes e e ssnenenas F-ii
LiSt OF ACIOMYIIIS .....uvioeeeseenceieireeertet ettt ere et seeeee et e st te e e st e st sst e s s s sesssesmsesnesanennesussnons F-iii
FLLO  INTOQUCHION. .....eeeceienicetceteer ettt ettt sttt e et e ene e n e taneeenee F-1
F.2.0 Field Sampling and QC ACHVILIES ........cevvirierieriiniicircnieteste ettt be e F-2
F2.1 TP BIANKS ..ottt et ae e s sa e ens e F-2

F.2.2  Field DUPLICALES ......coviviiieiiiiieiitticetic ettt ettt et eeens F-3

F.2.3 Field Split SAMPIES ...co.veremiiiiiiiieiiiiciitte ettt F-4

F.3.0 Analytical Program and QC ACHVItIES ....c.oeiiiiiiriiiniiriteitee ettt saeeaeens F-5
F.3.1 Laboratory QA/QC Procedures.........c.cccevierueriinieniinienie et F-5
F.3.1.1 Method/Calibration BIanks...........ccocerieriiinieniiiiiincinie e, F-6

F.3.1.2 Matrix Spikes and Laboratory Control Spikes.........cccceeoerviiiniianiinnnnnn.. F-6

F.3.1.3  Calibration.....cccueeoueeiiieiieniiiiie et ee et F-8

F.3.1.4 Column AGreement.........cocueeeiieiniiiiiiieeiieeieeeieeeeceeeeesaeeesateasreesee e s F-8

F.3.2 Reporting LIMILS ....oiciieieiiiiiiiieiiriieie ettt sttt e eneee e F-8

F.3.3 Holding Times/PreServation ........coocviiiviieiiiiiiiiieiteie e F-9

F.4.0 Data Evaluation and Usability ........ccccciiiiiiiiiiiii e F-10
F.4.1 Statement of Data Usability.......c...ccooiiriiiiiiiiiiies e F-12

F.5.0  RETOIEICES .ueiiieeieeiecetie ittt ettt ettt s ae et e s te e bn e enbeeaaeeneearaeas F-13

KNAPBOW\9th Qir\DQE March 200316/8/2004\12:10 PM



List of Tables

Table Title
F-1 Sample Cross-reference
F-2 Summary of Analytes Detected in Blanks
F-3 Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations
F-4 Summary of Data Validation Reason Codes
F-5 Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification
F-6 Laboratory and Validation Qualifier Definitions
F-ii

KN4APBOW\9th Qir\DQE March 200316/8/2004\11:23 AM



List of Acronyms

AR/COC analysis request/chain of custody

CCAL continuing calibration

CLP Contract Laboratory Program

DI deionized

DQE data quality evaluation

DQO data quality objectives

EPA U.S. Environmental Protection Agency
HPLC high performance liquid chromatography
ICAL initial calibration

LCS laboratory control sample

MDL method detection limit

MQL method quantitation limit

MRL method reporting limit

MS matrix spike

MSD matrix spike duplicate

%D percent difference

%RSD percent relative standard deviation
PBOW Plum Brook Ordnance Works
PQL practical quantitation limit
QA/QC quality assurance/quality control
RL reporting limit

RPD relative percent difference

RRF relative response factor

SAP sampling and analysis plan

SOP standard operating procedures
STL Severn Trent Laboratory

TDS total dissolved solids

TOC total organic compounds

TSS total suspended solids

USACE U.S. Army Corps of Engineers
USEPA U.S. Environmental Protection Agency
VOC volatile organic compound

F-iii
KN#\PBOW\9th QI\DQE March 2003\6/8/2004\11:23 AM



F.1.0 Introduction

This appendix of the Ninth Quarterly Background Report presents results of the quality
assurance/quality control (QA/QC) measures implemented for the sampling and analysis
activities at the Plum Brook Ordnance Works (PBOW) — Sandusky, Ohio. The quality indicators
from every aspect of the data collection have been reviewed, and an assessment of the data with
regard to project-specific objectives is presented. Successful execution of project-specific
objectives and procedures provides strong support for the acceptance of the data generated as
adequate for the purpose of evaluating the analytical results from this assessment at PBOW.

Shaw Environmental, Inc. (Formerly IT Corporation) conducted field-sampling activities at
PBOW in March 2004. Severn Trent Laboratories (STL) in Knoxville, Tennessee, and Canton,
Ohio, analyzed the project samples. Accutest Laboratories of Orlando, Florida, analyzed the
field split samples. All data analyzed were reviewed for accuracy and completeness. One
hundred percent of the data analyzed were subjected to data validation following Unites States
Environmental Protection Agency (USEPA) guidelines in the USEPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review, (EPA, 1999) and USEPA
Contract Laboratory Program National Functional Guidelines for Inorganic Data Review,
(EPA, 2002). The criteria for blank evaluation were based on those detailed in Region I1]
Modifications to National Functional Guidelines for Organic Data Review (EPA, 1994) and
Region Il Modifications to the Laboratory Data Validation Functional Guidelines for
Evaluating Inorganics Analyses (EPA, 1993). Since these documents specify procedures for
Contract Laboratory Program (CLP) data, they are used as guidelines only. Where applicable,
method and laboratory quality assurance and quality control requirements supercede these
guidelines. 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). To verify that these DQOs were met, field measurements,
sampling and handling procedures, laboratory analysis and reporting, and all nonconformances
and discrepancies in the data were examined to determine compliance with the appropriate and
applicable procedures defined in the site-wide sampling and analysis plan (SAP). The results of
this review are presented in the following sections, with all analytical outliers or

nonconformances discussed where they occurred.
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F.2.0 Field Sampling and QC Activities

Shaw was retained by the U. S. Army Corps of Engineers (USACE), Nashville District, to
conduct investigation and sampling activities at PBOW. Field activities at this site included
collection of the background groundwater samples. The collection of these samples along with
their associated QA and QC samples are discussed in this section of the Data Quality Evaluation

(DQE).

All project and field duplicate samples collected were submitted to STL. Sample shipments
from the field were performed under custody and documented using standard Shaw Analysis
Request/Chain of Custody (AR/COC) forms. These forms provided project-specific analytical
specifications and QC instructions to the laboratory. A formal COC transfer record was prepared
and included with these forms to document custody during sample transportation, storage, and
disposition by the laboratory. Table F-1 summarizes the field sample number, location, sample
type, date of collection, and sample delivery group for each sample collected. Table F-2
summarizes the detected compounds in the method blank and trip blanks associated with the
PBOW samples.

F.2.1 Trip Blanks

Aqueous samples designated for volatile organic compound (VOC) analysis may be susceptible
to contamination by diffusion of organic compounds into the sample container. Trip blanks are
analyzed in order to assess the potential for contamination to be introduced to an aqueous
volatile sample during transport and handling procedures. A trip blank is a sample of analyte-
free deionized (DI) water that is prepared at the laboratory, shipped to the field with sample
containers, and returned to the laboratory with the water matrix samples receiving VOC analysis.
A trip blank is then analyzed for volatile organics using the same sample preparation and
analysis procedures used for the actual field samples. Three trip blank samples were collected.
Three trip blanks contained target analytes and one sample was qualified.

The data validator applied the 5X-10X rule to the samples for the analytes detected. The 10
times limit is applicable only for common laboratory contaminants such as acetone, methylene
chloride, and 2-butanone. The following samples were qualified “B” by the data validator,
indicating that sample results are indicative of blank contamination:
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Lot . Validation
Number Sample Affected Blank Contaminant Qualifier
DE3001, DE3002, .
PB046 DE3005, DE3006 Methylene Chloride B

F.2.2 Field Duplicates

Field duplicate samples are collected and submitted to the laboratory for analysis along with their
corresponding original samples. The data generated from the analysis of field duplicate samples
are used to evaluate the precision of the sample collection and analysis procedures. High relative
percent difference (RPD) between an original sample and its field duplicate may indicate a
difference in sample matrix or sample collection rather than true problems with precision of
sample analysis. Also, when estimated “J,” blank-contaminated “B,” or nondetected “U” results
are reported, there is a potential for increased variability between the primary and duplicate

sample results.

Field duplicate samples were collected at a frequency of approximately one for every ten
samples collected (10 percent). One field duplicate sample was collected during this sampling
event. Table F-3 compares the original and field duplicate results and shows the RPDs
calculated for those detected compounds. Compounds not presented in the table were not
detected in either the original or field duplicate samples. In cases where duplicates were
performed and one result is less than the reporting limit, but greater than the method detection
limit (MDL), the RPD is reported, but should be considered an estimated value.

The acceptance criterion of 30 percent RPD was used to evaluate these sample results. Data was
qualified only if the analyte was detected in both samples. Iron and carbon disulfide were
qualified “J.” In most cases, original and field duplicate data compared well as demonstrated by
the RPDs calculated. The instances where they do not compare well involve estimated or blank-
contaminated data. RPD is calculated by using the following formula:

= __/_1_':2___‘ x 100
(A+B)/2
where:
RPD = relative percent difference
A = original result
B = field duplicate result.
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F.2.3 Field Split Samples

Split samples were collected in conjunction with field duplicate samples and sent to Accutest
Laboratories. The split samples were submitted to the laboratory for the same analysis as their-
corresponding field duplicates and original field samples. The split samples are used to
determine if data results are reproducible when analyzed by two different laboratories. Results
are also evaluated to determine if a contracted laboratory’s preparation and analysis procedures

are in control and meet the approved method criteria.

Field split samples were collected at a frequency of approximately one for every ten regular
samples. One split sample was collected during this sampling event.

Table F-3 compares the original and field split results and shows the RPDs calculated for those
detected compounds. Compounds not presented in the table were not detected in either the
original or field split samples. The analytes compare well when both labs reported above their

reporting limits and there was no blank contamination.
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F.3.0 Analytical Program and QC Activities

The project QA/QC program described in the SAP was followed for the collection and laboratory
analysis of samples. Each of the analytical methods used require that method-specific QA/QC
protocols be followed during sample analysis. These protocols are a critical part of the methods
employed and were followed by the laboratory during sample analysis. Specific measures
included detailed record keeping procedures, instrument calibrations, and analysis of method
blanks, blank spikes, matrix spikes/matrix spike duplicates (MS/MSD), surrogates, and internal
standards. The following SW-846 and USEPA methods were used to analyze PBOW samples:

Parameter

Method

Volatiles

SW-846 5030/8260B

Semivolatiles

SW-846 3510/8270C

Nitroaromatic Compounds

SW-846 8330M

Metals

SW-846 3005A/6010B/7470A

Turbidity EPA 180.1
Alkalinity EPA 310.1
Total Organic Carbon (TOC) SW-846 9060
Hardness EPA 130.2
Total Dissolved Solids (TDS) EPA 160.1
Total Suspended Solids (TSS) EPA 160.2
Chloride EPA 325.2
Total Cyanide SW-846 9012A
Nitrate EPA 353.2
Sulfate EPA 3754

Appendix D contains validated analytical data summaries for the samples collected during this
field investigation. The validator used the QA/QC criteria defined in the SAP to evaluate the
data for all parameters for which criteria were provided. If acceptance criteria were not provided
in the SAP, the validator used the laboratory-derived acceptance criteria or analytical method
criteria to qualify data. Any qualifiers added to these data by the data validator are included in

the summaries.
F.3.1 Laboratory QA/QC Procedures

The following sections discuss specific QA/QC protocols required and performed by the
laboratory during this investigation.
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F.3.1.1 Method/Calibration Blanks

Method blanks are analyzed with each analytical “batch” processed on a per matrix (i.e., soil and
water) basis. Method blanks are carried step-wise through the same analytical procedure as their
associated field samples, including the addition of solvents, surrogate and standard spikes, and
reagents as required in the analysis process. The purpose of a method blank is to identify any
possible contaminants that may be introduced to the sample as a result of any part of the
analytical process. The data validator evaluated all blank data associated with each sample.
When estimated or positive concentrations of compounds/analytes were reported in the
corresponding field samples, associated samples were evaluated and qualified using the 5X-10X
rule. The 10 times limit is applicable only for common laboratory contaminants such as acetone,
methylene chloride, 2-butanone, and certain phthalates. No samples were qualified because of
method blank contamination with the exception of total Thallium for samples DE3000, DE3004

and DE3006. Thallium was qualified “B” for these samples.

For some analyses, initial and continuing calibration blanks are performed throughout the run

sequence. These blanks verify the presence of carry over contamination for the analytes of

interest.

Qualifiers applied to samples based on detects in the calibration blanks are summarized below:

Lot . Validation
Sample Number Affected Blank Contaminant Blank .
Number Qualifier
DE3000, DE3004, DE3006 Thallium (total) Calibration B
DE3001, DE3002, DE3003, . 0.
DE3004, DE3005, DE3006 Aluminum (total) Calibration
DE3001, DE3004, DE3005 Arsenic (total) Calibration B
DE3000 Nickel (total) Calibration B
PB046  'DE3005 Cobalt (total) Calibration B
DE3000, DE3004 Zinc (total) Calibration B
DE3001, DE3002, DE3003, . . .
DE3004. DE3005, DE3006 Aluminum (dissolved) Calibration B
DE3004 Arsenic (dissolved) Calibration B
DE3001 Copper (dissolved) Calibration B
DE3000, DE3004, DE3005 Arsenic (dissolved) Calibration B

B - blank contamination

F.3.1.2 Matrix Spikes and Laboratory Control Spikes
Two types of spikes were generally performed for all analyses: MS and laboratory control

samples (LCS). MS compounds are spiked into an aliquot of a field sample. LCS compounds

are spiked into a blank matrix. The spiked compounds are representative compounds that are
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quantified during performance of the method. Recovery of the spiked compound is used as an
assessment of analytical accuracy for the sample matrix analyzed. These results are useful in
distinguishing sample matrix interferences from analysis interferences through a comparison of
MS and LCS recovery data. Often, spikes are performed in duplicate (as an MSD or LCS
duplicate). In this manner, the precision of the assessment can be quantified as the RPD of the
original and duplicate spike.

Matrix spikes were assigned at a frequency of 1 for every 20 field samples collected. An MS
and MSD were assigned in the field to sample DE3003. This sample corresponds to location
PB-BED-MW?25. Additional sample volume was provided to the laboratory for the MS/MSD
analyses. This sampling frequency meets the collection criteria for this program as specified in
the SAP. In addition to the overall collection frequency, the analytical method requires that the
laboratory analyze 1 set of spikes per analytical batch. To comply with this method requirement,
the laboratory may have to analyze batch QC with a work order. The validator evaluated the
batch QC. The laboratory statistically determined target acceptance limits were used to assess

the spike recovery and RPD.

The MS/MSD criteria were met with a few exceptions. Tetryl was not detected in either the MS
or MSD. The MS and MSD recoveries for tetryl were zero. The lab's lower limit is 42 percent.
All tetryl results should be considered biased low. The following samples were qualified:

Validation

Lot Number Sample Number Affected Analyte(s) .
Qualifier

Explosives

PBO0dE DE3001, DE3002, DE3003, DE3004, o -
DE3005, DE3006 etry

Wet Chemistry

ohode DE3001, DE3002, DE3003, DE3004, — u
aniae
DE3005, DE3006 Y

UJ - undetected, estimated

LCS results are used to evaluate lab method performance in the same manner as the MS/MSD
results except the LCS is not performed on an actual field sample matrix. An LCS is prepared
for each analytical “batch” for each parameter and matrix analyzed. All LCS recoveries met the
established QC criteria.
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F.3.1.3 Calibration

A few compounds exhibited unacceptable performances in the calibration standards. The
relative response factor (RRF) of bromomethane, acetone, and 2-butanone were less than 0.1.
Bromomethane and 2-butanone were rejected in all samples except the field split. Acetone was
rejected in samples DE3000, DE3002, DE3003, DE3006, DE3007 and qualified estimated “J” in
samples DE3001, DE3004, and DE3005.

The following compounds exhibited individual initial calibration (ICAL) percent relative
standard deviation (%RSD) greater than 30 and/or continuing calibration (CCAL) percent
differences (%D) greater than 20.

Lot Validation
Number Analysis Samples Compounds Qualifier
DE3000, DE3003, DE3004, DE3006 Bromomethane R
PRO46 Volatiles DE3000, DI%3001., DE}OOZ, DE3003, Chloromethane uUJ
DE3003, DE3006
DE3001, DE3002, DE3005 Total Xylenes 1718}
F22742 Volatiles DE3007 Chloroethane uJ
PB046 Semivolatiles DE3003, DE3006 2.4 Dinitrophenol uJ
R- rejected
J - estimated

UJ - undetected, estimated

F.3.1.4 Column Agreement

For high performance liquid chromatography (HPLC) analyses, sample results are confirmed
using two dissimilar columns. In order for an analyte to be reported, it must be detected on both
columns. Results differing by greater than 40 percent are qualified estimated, “J.” All detections

were in agreement. No data were qualified.

F.3.2 Reporting Limits

Limits have been established to describe project sensitivity requirements. Each laboratory is
required to demonstrate method performance through MDL studies for every method employed.
These studies are required to be laboratory-specific so that individual laboratory variables such
as equipment brands, reagent suppliers, and chemist technique are factored into the performance
study. MDLs are established using controlled matrices (i.e., DI water). Practical quantitation
limits (PQL) or method quantitation limits (MQL) used for this project are those statistically
determined by the laboratories. The analytical program executed for this project required the use
of SW-846 methods, which specify the procedure for calculating the MDLs. The PQL/MQL
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calculation adjusts the limit by a predetermined mathematical factor for the analysis of actual
environmental sample matrices (i.e., soil, groundwater, etc.). Method reporting limits (MRL) are
based on the project action or decision levels.

These limits are generally defined as follows:

e MDL. The minimum concentration of an analyte that can be measured and reported with 99
percent confidence that the concentration is greater than zero.

e MQL/PQL. The lowest level that can be reliably achieved within specified limits of
precision and accuracy during routine laboratory operating conditions. It is set at the lowest
standard used for the calibration curve.

e MRL. A threshold value below which the laboratory reports a result as non-detected.
Ideally, the MRL will be established anywhere between the MDL and half the project action
levels.

An MDL is the lower limit at which the laboratory can differentiate a measurement from back-
ground. The MDL is determined in accordance with the procedures in 40 CFR Part 136. If
project action levels are near or below the MDL, it is unlikely the sensitivity of the method will
be achievable. A compromise must be reached. The PQL/MQL is the lower limit at which a
measurement becomes meaningful. This measurement (the PQL or the reporting limit [RL] is
generally a multiple of three to five times the MDL.

Most samples were handled and analyzed as expected without significant changes to the
anticipated project MQLs.

F.3.3 Holding Times/Preservation

All laboratory results submitted for this investigation have been reviewed with respect to
laboratory adherence to extraction and analysis holding times. Maximum sample extraction and
analysis hold times were those specified in USACE document EM200-1-3. Sample DE3004
semivolatile analysis was re-extracted outside of holding time due to surrogate recovery
problems. All semivolatile compounds for DE3004 were qualified estimated “UJ”. All other
holding time criteria were acceptable for the samples collected.
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F.4.0 Data Evaluation and Usability

The analytical data review process identified a few analytical nonconformance issues that were
noted during this analytical program. These anomalies have been discussed in the previous
sections of this appendix. Table F-5 summarizes all compounds requiring qualifier application
due to anomalies discovered during data validation. Table F-4 defines the reason codes for
qualification, and Table F-6 defines the data validation qualifiers.

The following definitions are used for defining precision, accuracy, representativeness,

completeness, and comparability as they have been applied to this evaluation.

Precision. Precision is a measurement of mutual agreement among individual measurements
of the same property, usually under prescribed similar conditions. Precision data were obtained
through the analysis and evaluation of duplicate QA samples. Accuracy was determined through
the analysis and evaluation of method blanks, LCSs, trip blanks, equipment rinsates, and MS

samples.

Accuracy. Accuracy is a measurement of bias in a system and is expressed as a percent
recovery. These QA samples were collected and/or analyzed at the frequency established in the
SAP, verifying the completeness element of the DQOs along with the evaluation of holding
times and reporting limits. Percent recovery is calculated as follows:

Percent Recovery = (Lx%s_)) *100

Where:
X = the lab determined concentration of a spiked sample
S = the sample native concentration prior to spike
T = the true concentration of the spike

Relative Percent Difference is calculated as follows:

|D1- D2|
D1+ D2
2

Relative Percent Difference = *100
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Where:
D1 and D2 = the results of duplicate measurements

Representativeness. Representativeness is a qualitative parameter that expresses the degree
to which sample data actually represent the matrix and site conditions. For example, in
conducting groundwater monitoring, representativeness requires proper location of wells and the
collection of samples under consistent, documented procedures. Wells are located based upon
the results of the hydrological study in progress and are designed to provide maximum coverage
of the flow conditions. Requirements and procedures for sample collection and handling are
designed to maximize sample representativeness. Representativeness also can be monitored by

reviewing field documentation and performing field audits.

The samples were collected using Shaw Standard Operating Procedures (SOP) and were fully
documented through the use of standard Shaw field forms. Samples are representative of the

matrix and site sampled.

Completeness. Completeness is a measure of the amount of valid data that are obtained
during a sampling event as compared to the amount of data expected under optimum conditions.
No data points were qualified “R,” rejected, in the validation process because of QC criteria as
described in the previous sections of this report. Completeness is calculated as follows:

Completeness % = [—g—’—) X 100

Where:
D,
D.

the number of data points for which valid results are reported

the number of valid samples/data points that are collected and reach the laboratory
for analysis.

During this task, 6 monitoring wells were sampled resulting in approximately 1135 targeted
analytical records, including duplicate and split records. Nineteen data points were rejected due
to anomalies discovered during the validation process. Using the above calculation, greater than
98% completeness is achieved for the task.

Comparability. Comparability is a qualitative parameter expressing the confidence with which
one data set can be compared with another. Comparability ensures that results for the sampling
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event can be compared with data from other past and/or future sampling programs. Compar-
ability for this sampling event was achieved through the use of established and recognized
techniques and accepted standard USEPA methods. All samples collected and analyzed were
subjected to the same sampling, handling, preparation, analysis, reporting, and validation criteria
for the purpose of achieving comparability goals within the data set.

F.4.1 Statement of Data Usability
The overall results of the analyses, as discussed in this evaluation, suggest that representative
samples were collected and analyzed, and the results are indicative of the media analyzed, with

the exception of the few anomalies noted. The data do reflect expected site conditions and are

usable for their intended purpose.

Tables F-1 through F-6 summarize the analytical program and the results for the data validation
effort for all samples collected by Shaw at PBOW.
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Table F-1

Sample Cross-reference
Groundwater Wells

Former Plum Brook Ordnance Works

Sandusky, Ohio

Sample Sample Sample Sample Sample Lot
Type Location Number Date Purpose Number
GW IT-BG8-BEDGW-001| DE3000 |11-Mar-04 REG PB046
GW PB-BED-MW20 | DE3001 |10-Mar-04 REG PB046
GW PB-BED-MW24 DE3002 [10-Mar-04 REG PB046
GW PB-BED-MW25 DE3003 |11-Mar-04 REG PB046
GW PB-BED-MW25 DE3006 |11-Mar-04 FD PB046
GW PB-BED-MW25 DE3007 |11-Mar-04 FS F22742
GW PB-BED-MW28 DE3004 | 9-Mar-04 REG PB046
GW PB-BED-MW29 DE3005 {10-Mar-04 REG PB046

GW - Groundwater.
REG - Regular.
FD - Field duplicate.
FS - Field split.
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Summary of Analytes Detected in Blanks

Table F-2

Former Plum Brook Ordnance Works

Sandusky, Ohio
Lot Sample | Analysis | Sample Lab
Number|{ Number Date Purpose Parameter Resuit | Units| Qualifier|
F22742 | DES001 24-Mar-04 B Methylene Chioride 1.5 ug/L J
PB046 | DES5002 11-Mar-04 T8 Acetone 1.6 ug/L J
PB046 | DE5002 11-Mar-04 T8 Chlorobenzene 0.19 | uglL J
PB046 | DE5002 11-Mar-04 B Methylene Chloride 1.5 ug/L J
PB046 | DE5003 9-Mar-04 TB Methylene Chloride 1.2 ug/L J
PB046 | DE5004 10-Mar-04 B Methylene Chloride 1.2 ug/L J
PB046 | GASBQOBW| 9-Mar-04 BLK Thallium 3.7 ug/L B
TB - Trip blank.
BLK - Blank.

ug/L - Micrograms per liter.

J - Estimated value.
B - Analyte in the blank.
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Table F-3

Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations

_Former Plum Brook Ordnance Works
Sandusky, Ohio

Location Code PB-BED-MW25 PB-BED-MW25 PB-BED-MW25 Relative Relative
Sample Number DE3003 DE3006 DE3007 Percent Percent
“ Sample Date 11-Mar-04 11-Mar-04 11-Mar-04 Difference | Difference
Sample Purpose REG FD FS between between
[fParameter Units Result|ValQual Result|ValQual Result}ValQual REG and FDj
fuminum vt ] S03IB ...502B _.2001U
E‘éﬁum wl |23 = 227
Calcium ug/l | 107000f 108000
Carbon disulfide ug/L 12l 15
Iron ug/L 82.1|J 27y
Magnesium ug/l. 41900 42000
{IManganese ug | 451 45.2
{IMethylene chioride ug/t 2iu . 1218
[Potassium ug’l |  10800}J 10900y |
odium ug/L 114000 115000
hallium ] ug/L _ o A48 L 1o
{Toluene ugl |  0.13}J 0.12]J 2|u

RP!

ug/L - Micrograms per liter.
REG - Regular.

FD - Field duplicate.

FS - Field split.

J - Estimated value.

U - Undetected.

B - Analyte in blank.
ValQual - Validation qualifer.
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Table F-4

Summary of Data Validation Reason Codes
Plum Brook Ordnance Works
Sandusky, Ohio

[IT—Reason Code Description
lio1 Sample received outside of 4+/-2 degrees Celsius
lo1A Improper sample preservation
llo2 Holding Time Exceeded
llo2A Extraction
[lo2B Analysis
lfo3 Instrument Performance - Outside Criteria
[l03A BFB
llo3s DFTPP
floac DDT and/or Endrin % breakdown exceeds criteria
fflosD retention time windows
[lo3E Resolution
[to4 Initial Calibration results outside specified criteria
[lo4A Compound mean RRF<0.05
lloaB Compound %RSD>30
llo4c Correlation Coefficient<0.995
ilo5 Continuing Calibration results outside specified criteria
llosA Compound mean RRF<0.05
[losB Compound %D>25
lioe Result qualified as a result of the 5x/10x blank correction
llo6A Method or Preparation Blank
llosB ICB or CCB
flo6C ER
lloeD T8
lloeE FB
107 Surrogate Recoveries outside control limits
ffo7A Sample
io7B Associated method blank or LCS
flos MS/MSD/Duplicate results outside criteria
flosA MS and/or MSD recovery not within control limits (accuracy)
[losB %RPD outside acceptance criteria (precision)
09 Post Digestion Spike outside criteria (GFAA)
10 Internal Standards outside specified control limits
10A Recovery
10B Retention Time
11 Laboratory Control Sample recoveries outside specified control limits
11A Recovery
11B %RPD (if run in duplicate)
12 Interference Check Standard
13 Serial Dilution
14 Tentatively Identified Compounds
15 Quantitation
16 Multiple results available; alternate analysis preferred
17 Field duplicate RPD criteria exceeded
18 Percent difference between original and second column > 25%
19 Professional judgement was used to qualify the data
20 Pesticide clean-up checks
21 Target compound identification
22 Radiological calibration
23 Radiological quantitation
24 Reported result and/or lab qualifier revised to reflect validation findings
11999 See hard copy for details.
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Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification

Table F-5

Former Plum Brook Ordnance Works
Sandusky, Ohio

(Page 1 of 4)

Lot | Sample Reason Codes "
Number| Number Analysis Parameter VQ| R1 [ R2 | R3 | R4
F22742 |DE3007 VOLATILES ACETONE R [04A [05A
lIF22742 |DE3007 VOLATILES | CHLOROETHANE uJ |osB
[F22742 |DE3007 [  VOLATILES 1,1,2,2-TETRACHLOROETHANE |[UJ [10A
PB046 |DE3000|  CYANIDE ~ CYANIDE UJ |08A |08B
PB046 |DE3000 | EXPLOSIVES ~ TETRYL uJ |osA i
PB046 |DE3000 | TOTAL METALS ~ THALLIUM B |06A 15
PB046 |DE3000 | TOTAL METALS ~  NICKEL 1B |o6B 15
PB046 |DE3000 | TOTAL METALS ~ZINC |B__[06B 15 1
{PB046 |DE3000 | DISSOLVED METALS ALUMINUM B |06B 15|
|PB046 IDE3000 | DISSOLVED METALS ZINC B |06B 15
[[PBO46 |DE3000 | TOTAL METALS | POTASSIUM J 13f 15
(|PB0O46 |DE3000 | DISSOLVED METALS POTASSIUM J 13[ 15
[[PBO46 [DE3000 | TOTAL METALS BARIUM J | 15
[[PB046 |DE3000 [ TOTAL METALS MANGANESE J | 15
PB046 |DE3000 | DISSOLVED METALS BARIUM g | 15
PB046 |DE3000 | DISSOLVED METALS ~ MANGANESE J 15 i
PB046 |DE3000 | DISSOLVED METALS  NICKEL J 15 -
PB046 |DE3000 | DISSOLVED METALS ~_THALLIUM J 15 -
[|lPBO46 |DE3000 VOLATILES ~_2-BUTANONE R [04A |05A
[lPBO46 |DE3000 VOLATILES ACETONE R [04A [05A
PB046 (DE3000 VOLATILES BROMOMETHANE R _[04A |05A [05B | ]
PB046 |DE3000 VOLATILES CHLOROMETHANE  |UJ [05B
PB046 |DE3000 VOLATILES _ CARBONDISULFIDE ~ |J 15 -
PB046 |DE3001 | CYANIDE CYANDE ~ 1uJ [osA o8B |
PB046 [DE3001 EXPLOSIVES ~__TETRYL uJ fosa | |
PB046 |DE3001 | TOTALMETALS |  ALUMINUM B |06B 15
PB046 [DE3001 [ TOTAL METALS ARSENIC B |o6B 15
{lPB046 [DE3001 | DISSOLVED METALS ALUMINUM B lo6B | 15
|PB046 |DE3001 | DISSOLVED METALS COPPER B [06B | 15
|PBO46 |[DE3001 | TOTAL METALS POTASSIUM J { 13
(lPBO46 [DE3001 | DISSOLVED METALS POTASSIUM J 13
([PBO46 |DE3001 [ TOTAL METALS COBALT J 15
{PB046 |DE3001 | DISSOLVED METALS COBALT J 15
|[PBo46  |DE3001 VOLATILES ACETONE J |04A |05A 15
{PB046  |DE3001 VOLATILES 2-BUTANONE R ]04A |05A
{PB046 |DE3001 VOLATILES BROMOMETHANE R [04A |05A
{PBO46  |DE3001 VOLATILES CHLOROMETHANE UJ {058
(PB046 |DE3001 VOLATILES XYLENES (TOTAL) uJ [o5B
{lPB0O46 |DE3001 VOLATILES METHYLENE CHLORIDE B |o6D 15
{PB046 |DE3001 VOLATILES CARBON DISULFIDE J 15
{lPBO46 |DE3001 VOLATILES TOLUENE J 15
{lPBO46 |DE3002 CYANIDE CYANIDE UJ |osA |osB
{lPBO46 |DE3002 EXPLOSIVES TETRYL UJ |08A
{PB046 |DE3002 | TOTAL METALS ALUMINUM B |06B 15
{lPB046 [DE3002 | DISSOLVED METALS ALUMINUM B |06B 15
{lPBO46 |DE3002 | TOTAL METALS POTASSIUM J 13
{PB046 [DE3002 | DISSOLVED METALS POTASSIUM J 13
{PB046 [DE3002 | TOTAL METALS COPPER i’ 15
[|PBO46 |DE3002 | TOTAL METALS ~__ZINC J [ 15
“_P_ngg DE3002 | DISSOLVED METALS "THALLIUM 1J 15|
PB046 |DE3002 VOLATILES 2-BUTANONE R_ [04A |05A
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Table F-5

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 4)

Lot |Sample Reason Codes "> |
Number| Number Analysis Parameter VQ| Rt R2 | R3 | R4
PB046 |DE3002 VOLATILES ACETONE R Jo4A |05A
"PBO46 DE3002 |  VOLATILES BROMOMETHANE R [04A [05A -
PB046 |DE3002|  VOLATILES XYLENES (TOTAL) J |osB ]
[PBO46 |DE3002|  VOLATILES | ~ CHLOROMETHANE uJ_ |o5B ~
PB046 |DE3002 VOLATILES CARBON DISULFIDE ~ |J 15
PB046 |DE3002 |  VOLATILES ETHYLBENZENE  |J 15 N
PB046 |DE3003|  CYANIDE - "CYANIDE UJ |08A |08B
PB046 |DE3003 | EXPLOSIVES __TETRYL uJ [o8A
PB046 |DE3003 | TOTAL METALS CALUMINUM /B |oeB 15 )
PB046 |DE3003 | DISSOLVED METALS ALUMINUM B losB | 15[

PB046 |DE3003 [ TOTAL METALS ~ POTASSIUM_ NV EE D e
([PBO46 [DE3003 | DISSOLVED METALS| ~ POTASSIUM 9 18] -
([PBO46 [DE3003| TOTALMETALS |  IRON 1 15 |
[[PB046 |DE3003| SEMIVOLATILES | ~  24-DINITROPHENOL  |UJ |05B B
[[PBO46 |DE3003 |  VOLATILES | ~ 2-BUTANONE IR |04A [05A

(PBO46  |DE3003 _VOLATILES | ACETONE IR _|04A |05A

{PB046 [DE3003|  VOLATILES BROMOMETHANE R [04A |05A |05B
[PBO46 [DE3003 VOLATILES CHLOROMETHANE uJ 058 | 1
PB046 |DE3003 VOLATILES ~ TOLUENE [0 | 15

PB046 |DE3004 ~ CYANIDE __ CYANIDE ~ |uJ |[o8A fo8B | |
PB046 |DE3004 | EXPLOSIVES | TETRYL uJ |08A

PB046 [DE3004 | TOTAL METALS ~ THALLIUM B |06BA | 15 )
[[PBO46 |DE3004 | TOTAL METALS ALUMINUM B |06B 15

"g@gqg DE3004 | TOTAL METALS ARSENIC ~[B joeB | 15|

PB046 |DE3004 [ TOTAL METALS ZINC B joeB | 15 |
PB046 [DE3004 | DISSOLVEDMETALS| ~ ALUMINUM 1B |oeB | 15| |
PB046 |DE3004 | DISSOLVED METALS| ~~ ARSENIC B 6B | 15

PB046 [DE3004 | DISSOLVEDMETALS| =~ ZINC ~~ '|B o8B | 15| -
PB046 |DE3004 | TOTALMETALS | ~ POTASSIUM 1) 13

PB046 |DE3004 | DISSOLVED METALS [ POTASSIUM N 13 -

PB046 |DE3004| TOTALMETALS | ~ MANGANESE J 15

PB046 |DE3004 | DISSOLVED METALS MANGANESE J 15

{iPB046 |[DE3004 | DISSOLVED METALS THALLIUM J 15

IPB046 |DE3004 | SEMIVOLATILES 1,2,4-TRICHLOROBENZENE  |UJ [02A

|lPB046 [DE3004 | SEMIVOLATILES 1,2-DICHLOROBENZENE uJ |02A

{lPBo46 [DE3004 | SEMIVOLATILES 1,3-DICHLOROBENZENE UJ [02A

{PB046 |DE3004 | SEMIVOLATILES 1,4-DICHLOROBENZENE uJ [02A

{PB046 |DE3004 | SEMIVOLATILES 2,2-OXYBIS(1-CHLOROPROPA |uJ |02A

|lPBo46 |DE3004 | SEMIVOLATILES 2,4,5-TRICHLOROPHENOL UuJ |02A

[[PBO46 |DE3004 | SEMIVOLATILES 2,4,6-TRICHLOROPHENOL uJ_|02A

{lPB046 |DE3004 | SEMIVOLATILES 2,4-DICHLOROPHENOL uJ J02A

((PBO46 |DE3004 | SEMIVOLATILES 2,4-DIMETHYLPHENOL uJ |02A

[|PB046 |DE3004 | SEMIVOLATILES 2,4-DINITROPHENOL uJ |02A

([PB0O46 |DE3004 | SEMIVOLATILES 2,4-DINITROTOLUENE UJ_|02A

{lPBO46 |DE3004 | SEMIVOLATILES 2,6-DINITROTOLUENE UJ |02A

{lPBO46 [DE3004 | SEMIVOLATILES 2-CHLORONAPHTHALENE uJ [02A

{[PBO46 [DE3004 | SEMIVOLATILES 2-CHLOROPHENOL uJ |02A

[[PBO46 [DE3004 | SEMIVOLATILES |  2-METHYLNAPHTHALENE uJ_ |02A

I|PBO46 DE3004 | SEMIVOLATILES 2-METHYLPHENOL UJ [02A B
PB046 |DE3004 | SEMIVOLATILES 2-NITROANILINE {ud_[02A )

[lPBO46 |DE3004 | SEMIVOLATILES ~ 2-NITROPHENOL UJ |02A
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Table F-5

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 3 of 4)

Lot | Sample Reason Codes "'~ |
Number| Number Analysis Parameter VQ| R1 | R2 | R3 | R4
PB046 [DE3004 | SEMIVOLATILES ~ 3,3-DICHLOROBENZIDINE UJ |02A
([PB046 |DE3004 | SEMIVOLATILES 3-NITROANILINE uJ j02Aa | B
PB046 |DE3004 | SEMIVOLATILES | 4,6-DINITRO-2-METHYLPHENO [UJ {02A [ |
PB046 |DE3004 | SEMIVOLATILES | 4-BROMOPHENYL PHENYL ETHE [UJ [02A
PB046 |DE3004 | SEMIVOLATILES | 4-CHLORO-3-METHYLPHENOL [uJ [02A | | )
PB046 |DE3004 | SEMIVOLATILES 4-CHLOROANILINE |uJ jo2A |
[PB046 |DE3004 | SEMIVOLATILES | 4-CHLOROPHENYL PHENYL ETH |UJ |02A ) )
”@i@,,_ DE3004 | SEMIVOLATILES | =~ = 4-METHYLPHENOL  {UJ J02A | o
PB046 |DE3004 | SEMIVOLATILES 4-NITROANILINE uJ |02A )

[PBO46 [DE3004 | SEMIVOLATILES ~_4NITROPHENOL uJ_ |02A

[[PBO46 |DE3004 | SEMIVOLATILES ACENAPHTHENE uJ |02A

{|PB046 |DE3004 | SEMIVOLATILES ACENAPHTHYLENE UJ |02A .
{lPB046 |DE3004 | SEMIVOLATILES ANTHRACENE uJ_|02A

{iPB046 |DE3004 | SEMIVOLATILES 'BENZO(A)ANTHRACENE ~ [uJ [02A

[[PBO46 [DE3004 | SEMIVOLATILES | BENZO(A)PYRENE ~{uJ |o2A i

f[PB046 |DE3004 | SEMIVOLATILES |  BENZO(B)FLUORANTHENE  |UJ |02A

[[PBO46 |DE3004 | SEMIVOLATILES |  BENZO(GHNPERYLENE |UJ [02A |

[PBO46 |DE3004 | SEMIVOLATILES BENZO(K)FLUORANTHENE uJ |02A )
{IPB046 [DE3004 | SEMIVOLATILES | BIS(2-CHLOROETHOXY)METHAN |UJ {02A

lPB046 |DE3004 | SEMIVOLATILES BIS(2-CHLOROETHYL) ETHER  [UJ |02A

[PB046 |DE3004 | SEMIVOLATILES | BIS(2-ETHYLHEXYL) PHTHALA |UJ [02A

([PBO46 |DE3004 | SEMIVOLATILES BUTYL BENZYL PHTHALATE  {UJ [02A

"P__BO46 DE3004 | SEMIVOLATILES ~_ CARBAZOLE Cjud oA ||

PB046 |[DE3004 | SEMIVOLATILES CHRYSENE uJ |02A B

[[PBO46 |DE3004 | SEMIVOLATILES DI-N-BUTYL PHTHALATE uJ Jo2A

(|PB046 |DE3004 | SEMIVOLATILES DI-N-OCTYL PHTHALATE uJ_|o2Aa

[[PB046 |DE3004 | SEMIVOLATILES DIBENZ(A,H)ANTHRACENE ud |02A

[PB046 |DE3004 | SEMIVOLATILES DIBENZOFURAN uJ |02A

(PBO46 |DE3004 | SEMIVOLATILES DIETHYL PHTHALATE UJ |02A

{lPB046 |DE3004 | SEMIVOLATILES ~ DIMETHYLPHTHALATE  [uJ fo2A | | |
(lPB046 [DE3004 | SEMIVOLATILES FLUORANTHENE UJ |02A | -
{PB046 |DE3004 [ SEMIVOLATILES ~_ FLUORENE UuJ [02A

{lPB046 |DE3004 [ SEMIVOLATILES |  HEXACHLOROBENZENE UJ [02A

[lPB0O46 |DE3004 | SEMIVOLATILES HEXACHLOROBUTADIENE uJ_|02A

{PBO46 |DE3004 | SEMIVOLATILES |HEXACHLOROCYCLOPENTADIENE|UJ |02A

([PB046 [DE3004 | SEMIVOLATILES HEXACHLOROETHANE UJ |02A

([PBO46 |DE3004 | SEMIVOLATILES INDENO(1,2,3-CD)PYRENE UJ |02A

PB046 |DE3004 | SEMIVOLATILES ISOPHORONE uJ |o2A

PB046 |DE3004 | SEMIVOLATILES N-NITROSODI-N-PROPYLAMINE [UJ |02A

PB046 [DE3004 | SEMIVOLATILES N-NITROSODIPHENYLAMINE  |UJ [02A )
PB046 [DE3004 | SEMIVOLATILES NAPHTHALENE UJ_|02A

{|PB046 |DE3004 | SEMIVOLATILES NITROBENZENE UJ |02A

{PB046 |DE3004 | SEMIVOLATILES PENTACHLOROPHENOL UJ |02A

{|PB046 |DE3004 [ SEMIVOLATILES PHENANTHRENE UJ _|02A

IIPB046 |DE3004 | SEMIVOLATILES PHENOL uJ_ |02A

[lPB046 |DE3004 | SEMIVOLATILES PYRENE UJ_ |02A

(PB0O46  |DE3004 VOLATILES B ACETONE J |o4A Jo5A | 15[
([PBO46 |DE3004|  VOLATILES |  2-BUTANONE R |04A |05A B
([PBO46 |[DE3004 |  VOLATILES B BROMOMETHANE R [04A |05A |05B
PB046 |DE3004 | = VOLATILES 'METHYLENE CHLORIDE _ |B_ 06D | |
PB046  |DE3004 VOLATILES TOLUENE 1J 15
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Table F-5

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 4 of 4)
Sampie Reason Codes ("2 |
Number Analysis Parameter VQ| R1 | R2 | R3 | R4
iPB046 [DE3005 CYANIDE CYANIDE UJ JosA Toss
DE3005 |  EXPLOSIVES TETRYL UJ [08A
DE3005 | TOTAL METALS "ARSENIC B [o6B | 15 i
DE3005| TOTAL METALS ~_COBALT B |06B 15 ]
DE3005 | DISSOLVED METALS ALUMINUM ~|B loeB | 15
DE3005 | DISSOLVED METALS| , ZINC B |06B 15
DE3005 | TOTAL METALS POTASSIUM J 13]
DE3005 | DISSOLVED METALS | POTASSIUM I 13
|PBO46_,A DE3005 | TOTAL METALS ALUMINUM ] 15 )
PB046 |DE3005 | TOTAL METALS ZNC 15
{PB046 [DE3005 | DISSOLVED METALS ~ COBALT [ 18]
[[PBO46 |DE3005 |  VOLATILES B ACETONE |4 |oaA jo5A 15
IPB046 |DE3005|  VOLATILES 2-BUTANONE R_|04A lo5A |
[PBO46 |DE3005 |  VOLATILES BROMOMETHANE R |04A |05A |
([PBO46 |DE3005 |  VOLATILES XYLENES (TOTAL) J |osB |
"PBO46M DE3005 VOLATILES ~_CHLOROMETHANE uJ |0sB
PB046 [DE3005 VOLATILES ~ METHYLENE CHLORIDE B |06D 15
{|PB046 IDE3005 VOLATILES - BENZENE J 15 ~
[[PBO46 |DE3005|  VOLATILES | ~~ ETHYLBENZENE |J 15
([PB046 |DE3006 [  EXPLOSIVES TETRYL UJ |[osA |
[PBO46 |DE3006 [ TOTAL METALS THALLIUM B |06A 15 o
([PBO46 |DE3006 | TOTALMETALS |  ALUMINUM B |06B 15 B
|PB046 |DE3006 | DISSOLVEDMETALS| ~  ALUMINUM ~  |B 106B 15| |
[PBO46 |DE3006 | TOTALMETALS | POTASSIUM I’ 13
(lPB046 |DE3006 | DISSOLVED METALS _ _POTASSIUM e 3
PB046 [DE3006 | TOTAL METALS ~ IRON | 150
PB046 |DE3006 | DISSOLVED METALS THALLIUM Lol
PB046 |DE3006 | SEMIVOLATILES 24-DINITROPHENOL  juJ losB | |
PB046 |DE3006 |  VOLATILES 2-BUTANONE R |04A [05A )
PB046 |DE3006 VOLATILES ACETONE |R_|04A |05A
[[PBO46 |DE3006 |  VOLATILES BROMOMETHANE R |04A [05A 105B
[[PBO46 |DE3006 VOLATILES CHLOROMETHANE uJ_|osB
[[PB046 [DE3006 VOLATILES METHYLENE CHLORIDE B |06D 15
[PB046 |DE3006 VOLATILES TOLUENE J 15
Footnotes:

(1) Table F-4 defines all reason codes.

(2) Reason codes are assigned in order of their importance to the validation qualifiers with R1
being most important.

Definitions:

VQ = validation qualifier
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Table F-6

Laboratory and Validation Qualifier Definitions
Former Plum Brook Ordnance Works
Sandusky, Ohio

Qualifier Definition
Laboratory - Organic
B The compound was detected in the sample and in an associated method blank.
J The compound was positively identified; the reported value is an estimated concentration
: between the method detection limit and the reporting limit.
U Not detected. The compound was analyzed for, but not detected above the associated reporting
limit.

Laboratory - Inorganic

B The analyte was positively identified; the reported value is an estimated concentration between
the method detection limit and the reporting limit.

J The compound was detected in the sample and in an associated method blank.

G Elevated reporting limit due to matrix interference.

U Not detected. The analyte was analyzed for, but not detected above the associated reporting
limit.

Validation - All

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

The compound/analyte was positively identified; the reported value is an estimated concentration.

Rejected due to severe deficiencies in the analytical process or supporting quality control data.
The presence or absence of the compound/analyte cannot be verified.

c A

Not detected. The compound/analyte was analyzed for, but not detected above the associated
reporting limit.

UJ Not detected. The associated reporting limit may be inaccurate or imprecise.

KNAPBOW\9th Qt\DQE Table6\6/8/2004\11:45 AM



APPENDIX G

CHAINS-OF-CUSTODY
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vy

Shaw E& |, Inc.

Project Name/No: PROW/343636

Sampls Tegn Member: David Kessler
Profit Cemter; Knoxville

Tho3gs OYsTNC
0304 Y o

ANALYSIS REQUEST AND REFERENCE COC NO.:
CHAIN-OF-CUSTODY RECORD PAGE_1__or_ |
BfiTe: Aocounting
ShawB& 1
Suazple Stipenent Drte: _1[‘],[04 312 Diroctors Drive
Labocstory Destination: STX-Nortk Canton Knoxvills, TN 37923

Laboratory Comtact: Kien Kuzior

Report To: Mauroen McMyler

Project Mansger: Stove Downey = : rozom M
Required Report - Crstlor Weghl Mo ' 312 Directors Drive
. 32199095332 Kacuille, TN 37923
Saxaglo Samglo Type/ Dat/Time Cooniner | Semple | Pro- =
Number Desceiption Collecied Type ~ | Volkme | sxvative Requested Testing Progeam _ N Disposal
2 - Glass 40 mL S04 {TOCy 9060 Recelpt Record
31 7[04 Abalty by 10.1; Chioide by 325.2
be 3 OOLP WATER 1-HDPE 1000 mf. Cool [Nitrate by 353.2; Sulfade by 3754
TDS by 160.1; TS8 by 160.2
140 sy by 003
1 - HDPE 250 mL HNO3 [Harduoss by 1502
2 - Gley 40 ml [TOC by 5060
. Allatindly by 310.1; Chlorido by 325.2
It by 353.3; Sutthte by 3754
Y 1-BOFE {1000 Cool
\/\_-/\v /’n N 8Lk bu
by 1801
1 - HDPE 250 mL HNO3 by 1302
2 - Glasy 40wl {H2504  F1OChy 2060
M Ly 310,15 Chloride by 3252 ‘
- Niute 2; Saltvo by
\/ WATER /\1_9/%1 TDS by 160.1; T3 by 160.3 Dicy.
[Turbldity by 130.1 .
1- HOPE 250 sl {HNO3 {Hwdnessby1302 -
_ — | Dkie
Tnstractions -
[Possibie Hazard Identificetion:
Nop-haz X Flammable: Puison B:
Turnaround Tiote: . )
Nommal: X Rush:
1. Relmqmah% < k«
2. Relinquished by:
3. Relinquished by:
Comments; .

L6T




M0

\ ANALYSIS REQUEST AND . rererencecocno: pao3 (09 oasTLK

Shaw- CHAIN-OF-CUSTODY RECORD , PAGE_I_ OF |
Shaw E &, Inc. g

Bili To: Accounting -
Shaw E & |

Project Name/No: PBOW Sample Shipment Date: 3 ' 4 I 04— - 312 Directors Drive
Sample Team Member: David Kessler Laboratory Destination: STL- Knoxville Knoxvilie, TN 37923
Profit Cemter: Knoxville Laboratory Contact: Jamie McKinney Report To: Maureen McMyler
Project Manager: Stevs Downey Project ContacyPhone: Maureen McMyler/863-690-3211 ShawE & 1
Project No.: 843656 Camier WaybitiNo: K 33195 H L6 G4 312 Directors Drive
Required Report Date: 21 DAYS Knoxville, TN 37923
Sample Sample Type/ Date/Time Container Sample Pre- Condition on Disposal
Number Description Collected Type Volume servative Requested Testing Program Receipt Record
2 - Amber 1L Cool Explosives by 8830
— '5 I Cl l od 1 - HDPE 250 mL HINO3 ojn 7 [Total TAL Metals by 6010B/7470A
B. = 3 QO "‘ WATER 1 - HDPE 250 mL HNO3 ping [Dissolved TAL Metals by 60108/7470A
1410 2-Amber ~ JIL Cool ___|TCL 5VOCs by 8270C
3 - Glass - 40 mL HCL TCL VOCs by 82608
1 - HDPE 1L NaOH Cysnide by 50109012
2 - Amber L Cool ' [Swplosives by 8830
1-HDPE / [250ynL HNO3 7 |Towt YAL Metals by 6010B/76706 \ N\
WAT 1-HDPE”  |250mL HNO3” _ |Dissolled TAL Metsls by 6010BI470) YW
2 - Antbes L N\ lesa TCL SWOCs by 8210C~" L i
T~ Glass 40 mL HCL TCL VOCT vy 87608
| - HDPE 1L NaOH Cyamde by 90105012
2 - Ambes 1L Coal Explosives by 8830
1-HDPE ___ |250mL HNO3 _~TT\al TAL Metals by 6010B/7470A
y /X/ 1-HDME  YosomL HNDY”  |Didolved TAL Metals by 6OI0B/T4T0A
: 7 Amber PN —[Coot S W 1 7 AN
3 - Glass 40 mL HCL TCL VO€sby 22688~ \{I 7 7 T
T 1 - HOPE L NoOH Cyanide by 90105012
'HE 5005 - WATER M ¢{oY 2 - Glass 40 mi, HCL TCL VOCs by 82608
"{Special Instructions: i
Possible Hazard Identification: Sample Disposal:
Non-haz: X Flammable- Poison B: Unknown: Return o Client: ___ Disposal by Lab: _ X__ Archive:
Turnaround Time: Level of QC Required:
Normal: ___X___ Rush: ___ Definitive: X Project Specific:
1. Relinquished by:w Date: 3/5/0% I. Received by: Date: N34y -NY
A( il Time: [ ¥ 00 Mb %Mn_. Time: GO
2. Relinquished by: Date: 2. Received dy—"" Date:
) : Time: Time:
3. Relinquished by: Date: 2. Received by: Date:
Time: Time:

Comments:  CuS 70y Sesds Thinef FeCCIVar Ty . 27°¢ | (opl@I-/ FodDee W §3316H2u0KH1  ADP 031604

16T




Shaw E&1, Inc.

Projoct Name/No; PBOW/B43656

ANALYSIS REQUEST AND
CHAIN-OF-CUSTODY RECORD

Sample Tesm Member: David Kossler

Profit Conter: Knoxville

Project Manager: Steve Downey

Sasple Shipment Dete:
Laboctsory Desthustion: STL-North Cemton

REFERENCE COC NO= BBO3 [O STV

318,204

"hhuuwyaamc Kea Xuzdor

Project ComacyPhone: Manroen MoMyler/865-690-3211

PAGE_1_ OF | .
Bill To: Accounting

Project No.: 843656 Corer WahiiNo.: 312 Diroctors Drive
Required Repoet Date: 21 days - ) Knoxville, TN 37923
Sample Sample Type/ Dete/Tims - Container Sample - Pre~ Condition on Dispoes)
Number Description Collected Type Volume | servative . Requested Testing Program Receipt Record
) 2 - Glass 40 mL H2504  {TOCby 9060
3.00.04 , ARalinity by $10.1; Choride by 325.2
ﬂf 3005 WATER &) 5 1-HOVE  [1000mL  [Coot  [nmecty3532;Sulfacty 3154
. TDS by 160.1; 7SS by 1602
[Tortidity by 130.1
1 - HDPE soml  [ANOS by 1302
) ' 2 - Glass 4oml_ [H2s04  iroctysos
ﬂ 3. 1o 0‘(  Alkalioity by 310.1; Choride by 325.2
E -5&0 7\ WATER ‘ {.EDPE  |1000mL  fcou [¥trane by 353.2; Seliio by 3754
i 3&5 T8 by 160.1; 788 by 1602
. Tebidity by 190.1
- |i-HDPE 250 mI, NO3 Eiacdacss by 1302
2 - Glass 40 mL 12804 [rOCHy 9060
p E 3 W / 7, /&.ﬁ 7/ R . A Balisity by 310.1; Chloride by 3752
: WATER . 1-HDPE  [1000mL  |Cool  foomislby3SaiubMoby37i4
. : /515 _ TDS by 160.1; TSS by 1602
Tuchidity by 1301
1 - HDPE 0mL HNO3  {Hawdoess by 1302
Possible Hazard MentiScation: Sample Disposal:
| Non-haz "2 Flammable: Poison B: Unknown: Rotun o Clicat: Disposal by Lab: Aschive:
Turasroma Time; | of QC Required: :
| Normal: __ X Rush: Definitive: o ' Project Specific: .
1. Relinquished by: . Date: o/ ¢ 1. ved by: Dot 3 /7] LQq
Tme [ <d Time: QX0
2. Relinquished by: Date: 2, Reocived by: Date:
Time: . Time:
3. Relinquished by: Date: 2. Received by: Date:
Time: Time:
Comments:
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VA ANALYSIS REQUEST AND rerenence cocno. ppog 10 ok
Shaw- CHAIN-OF-CUSTODY RECORD PAGE_1_ OF |
Shaw E &1, Inc. Bill To: Accounting -

ShawE & 1
Project Nsme/No: PBOW Sample Shipment Date: ?, VLA ﬁ ) 312 Directors Drive
Sample Team Member: David Kessler Laboratory Destination: STL- Knoxville Knoxville, TN 37923
Profit Center: Knoxville Laboratory Comiact: Jamie McKinney Report To: Maureen McMyler
Project Manager: Steve Downey Project ContacyPhone: Maureen McMyler/865-690-321 | ShawE & 1
Project No.: 843656 Carries Wapbiti No: __ 9 S 30 L 112409 /. 312 Directors Drive
Required Report Date: 21 DAYS Knoxville, TN 37923
Sample Sample Type/ Date/Time Container Sample Pre- Condition on Disposal
Number Description Collected Type Volume servative Requested Testing Program Receipt Record
.; )6, ﬂ"-{ . Amber 1L Cool Explosives by 3330
¢ ' i - HDPE 250 mL HNO3@Z |Tott TAL Metals by 6010B/7470A
.0 E 3 005 WATER / o 15 ) - HDPE 250 ml. HNO3 oiwi | Dissclved TAL Metals by 6010B/7470A
2 - Amber 1L Cool TCL SVOCs by 8270C
3 - Glass 40 mL HCL TCL VOCs by 8260B
] - HDPE 1L NaOH oy ide by 9010/9012
7,10 5(7] . Amber L Cool  |Explosives by 3830
]? E 7 00 z - 1-HDPE 250 mL Hnosmi Total TAL Metsls by 6010B/7470A
WATER 5 1 - HDPE 250 mb HNO3 g, |Dissolved TAL Mctals by 6010B/7470A
/ 30 2 - Amber 1L Cool TCL SVOCs by 8270C
3 - Glass 40 mL HCL TCL VOCs by 82608
1. HDPE 1L NaOH 12 [Cyanide by 90109012
2.10.0 1{ Ji- Amber 1L Cool  |Exploswesty 8830 .,L;/‘[
i - HDPE 250 mL HNOJ oy {Totad TAL Metals by 6010B/7470A
ﬁ E 3‘7 o l WATER ! 9' ;’L‘; | - HDPE 250 L HNO3 opya [Dissolved TAL Menls by 6010874704
- Amber IL Cool TCL SVOCs by 8270C
3" Glass 40 mL HCL TCL VOCs by $260B
1 - HDPE IL NaOH Cyanide by 90109012 7o Tl
D E 504 WATER A A 2. Glass O mL HCL __ |TCL vOCs by 3260B
1Special Instructions:
Possible Hazard Identification: Sample Disposal.
Non-haz; X Flammable: Poison B: Unknown. Rewrn to Chieot: Disposal by Lab: _ X__ Acchive:

Tumaround Tlme

Level of QC Required:

Normatl: Rush. Definitive: X Project Specific: __
1. Relmqmshod Date: ‘;lm/ oy 1. Received by: Date; OA-11-AL
"Nl frsil e 8 Fodens D). Hlows ~ Tm oAl
12. Relinquished by: Date: 2. Receifed by: Date:
Time; Time:
3. Relinquished by: Date: 2. Received by. Date:
Time: Time:

Comments:
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Shaw E&}, Inc.

Project Name/No: PBOW

ANALYSIS REQUEST AND

CHAIN-OF-CUSTODY RECORD  #-C \20(2¢

Sample Team Member: David Kessler

Profit Center: Knoxville

REFERENCE COC NO.:

Project Manager: Steve Downey

Bill To:
Sample Shipment Date: 3 llllal‘l
Laborstory Destination: STL~ Krloxville
Lab y Contact: Jamie McKinney Report To:
Project Contac/Phone: Maureen McMyler/865-690-321 1

Project No.: 843656

Required Report Date: 21 DAYS

ComierWaybiliNo: __ K 395302V LG

ez [ ossTL K

PAGE__I_ OF Z-
Accounting

ShawE& 1

312 Directors Drive

Knoxvitle, TN 37923

Maureen McMyler

ShawE & |

312 Directors Drive

Knoxville, TN 37923

Sample Sample Type/ Date/Time Container Sample Pre- Condition on Disposal
Number Description Collected Type Volume servative Requested Testing Program Receipt Record
-5 ! 0‘{_ - Amber 1L Cool Explosives by 3830 Custraciy
/) - 3 &. 7, 5 <0 1 - HDPE 250 mL ging [HNO3 [Total TAL Metals by 6010B/74704 N £ . 2%
;‘ . t - HDPE 250 mL HNO3 Dissolved TAL Metals by 6010B/7470A
g9 2-Amber | JIL Cool TCL SVOCs by 8270C Teg 1
3 - Glass 40 mL HCL TCL VOCs by 8260B __ADF 03D —o-¢
| - HDPE 1L onig. [NaOH Cyanide by 501019012
- . ] - Amber 1L Cool Explosives by 8830
ﬁﬁ 30073 /UG 3] 0‘( I-HDPE _ [250ml g [HNOD | oul TAL Mowls by s0108r7470
1 - HDPE 250 mL gy, [HNO3 | Dissolved TAL Metals by 6010B/7470A
, 2 - Amber 1L Cool TCL SVOCs by 3270C
m / é 3 - Glass 40 mL HCL TCL VOCs by 82608
1 - HDPE L N A NaOH Cyanide by 90109012 .
NALDAA somi, e LDEF Yoy
' zlulod  [E TR e L T Y A T
] - 304 HNOs TA {2 05[] Mo
DE»00H~HSD WATER - HPE ol o 55 J i
0415 2- Al [ 1 a0l L SVOCs b, 5270¢
a3 -Gass | dgwd ¢ ITEL yols by sieob
SESTTT TET® 3LileT ‘ﬂ ZCTsss [40wE €L [T Vois by §260B
Special Instructions: ]
E \ Tyonid< ¥y GO0 1%9T
Possible Hazard Identification: DE3e0>-HSD wy \{.yhPE (i. g2 NAQR |Sampte Disposal.
Non-haz: X Flammable: Poison B: Unknown; Retoen 1o Client. ____ Disposal by Lab, _ X Archive:
Tumeround Time. Level of QC Reqguired:
Normal: X Rush: Definitive; X , Project Specilic:
1. Relinquished by:m o Date: 3/{{[OF 1. Received by: Date: (D~ 12-0%
and Koot ) K DA e DA
2. Relinquished by: Date; 2. Reteived by: Date:
Time Time:
3. Relinquished by: Date; 2. Received by: Date:
Time:; Time:
Cormuments:

012




oyt T

Shaw E&|, Inc.

Project Name/No: PBOW

ANALYSIS REQUEST AND
CHAIN-OF-CUSTODY RECORD

Sumple Shipment Date: 3 h\ ‘ 0 q‘

Sample Team Member: David Kessler

HE6 HHC o2

MEE 30

rerzrence cocnos ppos 1L oasTIoK
PAGE__OF 2.

Bill To: Accounting
ShawE & 1
312 Directors Drive

Laboratory Destination: STL- Knoxville

Profit Censer: Knoxville

Knoxville, TN 37923

Laboratory Contact: Jamie McKinney

Report To: Maureen McMyler

Project Manager: Steve Downey Project Contac/Phone: Maureen McMyler/865-690-3211 ShawE & 1
ProjectNo.: 843656 Comier WaybiliNo.. 853G Il 250 312 Directors Drive
Required Report Date: 21 DAYS Knoxvitle, TN 37923
Sample Sample Type/ Date/Time Container Sample Pre- Condition on Disposal
Number Description Collected Type Volume servative Requested Testing Program Receipt Record
) 2 - Amber 1L Cool Explosives by 8330
\) E 300 {o 3 'u (() o | - HDPE 250 mL e HNO3 Total TAL Metals by 6010B/7470A
WATER 1 - HDPE 250 mL o3 |HNO3 Dissolved TAL Metsis by 6010B/7470A
Cqs 2-Amber _ IL_~ |coal TCL SVOCs by $270C
3 - Glass 40 mL HCL [TCL VOCs by 82608
1 - HDPE 1L NaOH Cyanide by 9010/5012
2 - Amber ‘L Cool Explosives by 8830
' 1-HDPE 250 mL s |HNO3 Total TAL Metals by 6010B/7470A
DE 300C WATER 3u lo 1-HDPE __ [250 ml oz [HNO3 |Dissolved TAL Meiis by 6010874704
. - 2 « Amber 1L Cool TCL SVOCs by 8270C
4oS 3. Glass 10 mL HCL TCL VOCs by 82608
1-HDPE IL ‘mﬂ, NaOH Cyanide by 90105012
WATER 2 - Glass 40 mL " JHCL TCL VOCs by 82608
P U e . p——— ~—" N o —
\/@/X« s —
SR
et
Special Instructions:
Passible Hazard Identification: Sample Disposal:
Non-haz: X Flammable: Poison B. Unknown: Return to Client: ___ Disposal by Lab __X__ Archive:
Turnaround Time: Level of QC Required: )
Normal: __ X Rush: Definitive. X Project Specific:
1. Relinquished byb . k Date: ] at-at{ 1. Received by: Date:_(y2-12-0nf
(T M\- Time: €OV Time: .
2. Relinquished by: Date; 2. R2veided by: Date:
Time: Time:
3. Relinquished by: Date: 2. Received by: Date:
Time: Time:

Comments:

112
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@ ANALYSIS REQUEST AND " .. REFERENCECOCNO: ppoy 1 oasty -WE
Shaw~ CHAIN-OF-CUSTODY RECORD PAGE_1_ OF 2.
Shaw E-&|, Inc. BillTo: Accousting

[ ( ,_( Shaw B & 1
Project NamwefNo: PBOW/BA3656 P 1 (8 312 Directors Drive
Swpie Teom Member: David Kessler : . Lab Destioation: STL-Noxth Canton Knoxville, TN 37923
Profit Center: Enoxville Labarstory Comtact: Ken Kuzicr - Repari To: Maurees McMyler
Project Manager: Steve Downey Praject CoatacPhoee: Manreen 3211 Shaw B & I
Project No.: 843656 Comsier Wiybi No.: OLU2¢7 312 Directors Drive
Required Report Dete: 21 days Keoxville, TN 37923
Sample Sample Typel Date/Time Container Sample Pre- . Condition o Disposal
Number Description Collected Type Volume | servative Requested Testing Program Recsipt
’ 2 - Glass 40 ml, 0504 [rochy %060
0£ 300; 3 IR 0‘(  ARalinity by 310.1; Chloride by 325.2
WATER 1-HDPE 1000wl [Coot {Nitate by 353.3; Sulfite by 3754
aql 5 TDS by 160.1; TSS by 1602
g . Tucbidity by 180.1
1- HDPE nl by 1302
// ‘f 2 - Glass 40 ml, RS04 ITOC by 9060
;* .0 A Tealinity by $10.1; Chlocide by $25.2
- : [Ntrate by 383.2; Sulfise by 3754
pﬁ 3603 Ms WATER M/5 1-HDPE  flo0mL oot YT
. Tarbidity by 120.1
1. HDPE 250 mL HNO3 by 1302
Z-Clen | Gond | S0 TOC by 300
_ 3tufoy LIE7TAR by Chlaadle By 32
0¥s RN
LADPE |2 Ry | Balness 5q130.%
Special Instructions: -
Passible Hazard Ientification: ‘ Saaple Dispossl;
Non-hazﬂ Flammable: Poison B: Unknown: Return to Client: Disponal by Lab: _X__ Archive:
Tamarowmd Time: - .
]
| Normal: X Rush: Project S
1. Relinquished by: : Dawee A
2. Relinquishedby: ° < m 2, lhoeivedby‘ . 3::
3. Relinquisaed by: Dater 2. Received by: Deter
Time: Time:
Comments:

12¢
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ANALYSIS REQUEST AND REFERENCE COCNOA St

Shaw- CHAIN-OF-CUSTODY RECORD PAGE_&_OF L
Shaw E& |, Inc. BillTo: Accounting
ShawE & |
. Projoct NameiNo: PBOW/AI656 Sesple Stpment Daies leﬂq' 312 Directors Deive
Sunplo Team Momber: David Kessler | Laboestocy Destination: STLNorth Canton Knoxville, TN 37923
ProfitCenter: Knoxville Laborstocy Coutect: Kea Kuzior Repost To: Maureen McdMyler
Project Mansger: Steve Downey Project Contact/Phome: Mauresn MoMyler/865-690-3211 ShawE & 1
ProjectNo.: §43656 Comir WapliNe.: __ & 35730202 §72 312 Directors Drive
Recuired Repoxt Date: 21 days ) : Kooxvills, TN 37923
Sumple Snmpls Type/ Date/Time Container Sample Pre~ Condition on Disposal
Number Description Collected Type Volume | secvative Requested Testiog Program Receipt ' Record
2- Glass 40 wl, 11504  [TOCHy 9080
- : }! M(O"F  Alkcatinity by 310.1; Chineide by 3252
DL 3000 WATER \-EDPE  liooml  lcoot  [NERmbr3sia:Seuebydisa
. 0‘)15- TDS by 160.1; TSS by 162
Twrbidity by 180.1
1 - HDPE 250 s ENO3 _ [Huwdnees by 1302
2- Glass 40 L {504 [roceysoss
3, p , 0¥ [ASeutiiey by 310.1; Chlocige by 3252
VDE 2080 WATER 1-HDPE  [1000mL  fcoo  [imaly3S3iSufebysjss

[TDS by 160.); TSS by 160.2

4o% Toxidy by 180.1 :
1 - HDPE 250 mL HNO3 JFoardoess by 1302
| 4 /\ - i . /j
rd
\/ DLk y /\/ — /2/
3 —
: o
Special Instruchions: _ :
Possible Hazard Identification: Sample Disposal:
Non-haz: x Flammahle: Polson B: Unknown: Retera to CHont: DisposalbyLab: X Archive:
Tursaround Time: Level of QC Required:
Nomsk X . Rush: Definitive: Tt a ; Wﬁnﬁc‘- n;
1. Relinquished by Date: 1 - =
hm«@ (m@» : Time,  [¥00 o
2. Relioquished by: Date: 2. Received by: Date;
Time: Time:
3. Relinquished by: Date: 2, Received by: Date:
Time: Time:
Comraents:

zee
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N, ANALYSIS REQUEST AND REFERENCE COC NO.:
haw- CHAIN-OF-CUSTODY RECORD PAGE_1_ OF1_|
Shaw E& L Inc. — s
. Shaw E &1
Project Nome/Ne: POOW Sampla Sipment O 3 [ (= 0 312 DL Drive
Sample Team Member: David Kessler Laboratary Destination: Accutest Kaoxville, TN 37923
Profit Center: K il Lab Contact: Sue Bell Report To: Mo ler
Projsct Manager: Steve Downey Project Contact/Phone: Maureen McMyler/865-560-5271 ShewE&]
Project No: BA3656 Carrler Waybill No.: 312 Directora Drive
Required Repart Dale: 13 days Knoxville, TN 37923
Sample Saple Typa/ Date/Time | Container Sample Pre- Condition on Disposal
Number Description Collected Type Volume | servative Requested Testing Program Receipt Record
1-Amber 1L Cool Explosives by 6830
2. Amber  J1L Cool |semtvelastios by 270
DE3007 WATER 3 - Viat 40 mL. HA Volatiles by 12608
1 - HOFE 250 mL [HNO3 [ TAL Metals (Total) by &0108/7471A
1-HOFB 250 mL iHNOa TAL Metale (Diss) by 60108/7471A
DESOY'} WATER 2-Vial 40 mL HO Volstiles by 82608
Special I
Passible Hazard Identification: mple Disposal:
Non-haz: _K_ Flammable: PoisonB: Unknown: Return to Client: ___ Disposal by Labe __X__ Archive: .
Turnaround Tisw: Level of QC Required:
Noraal: Rush: ____ Definitive: X Project Speci.fic: J—
1. Relnlquﬂhed by: E { Date. 3-1-0F 1. Received by: - ’ Date:
M—«{ WZ\. Time: _ )57 ”q Time:
2 Relinquished by: Date: 7_ Date: 3 /2 0¥
Fﬁ)'ex Time: é Time: & 2 I Ay
3. Relinquished by: Date: '!—iktewed by: / Date:
Time: Time:
Commenta:
2.1

F22742: Chain of Custody
Page 1 of 2
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Response to Comments
HTRW - Center of Expertise
Eighth Quarterly (December 2003) Background Groundwater Report
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Dated March 2004)

Comments will be incorporated into the Ninth Quarterly Background Groundwater Report.

Comments by Sam Bass (Geologist)

Comment 1: Page 3-3, Section 3.4, second paragraph. The text states “Final maximum detected

Response 1:

concentrations (MDC) results for the area of concern will be based on the overall
maximum detected concentration for that area, including all quarterly sampling
events.” This approach would result in the selection of a non-representative value
for the MDC. Considering the wells have been sampled for several years, the
maximum concentration found in the first sampling round would not be
representative of current ground water conditions. Further, from a risk
assessment point of view the 95% UCL is typically used as the exposure point
concentration, so use of 2a maximum detected value does not appear appropriate.
It is recommended that the value to be screened be determined by statistical
evaluation of the data, using the 95% UCL of the mean concentration for each

analyte at each well.

The statement referenced in Section 3.4 pertains to the reporting of analytical data. To
clarify this, the following changes will be made: 1) in the second sentence on the
second paragraph “...within an area of concern” will be replaced by “...among the
background wells,” and 2) a new sentence will be inserted between the current second
and third sentences that will state, “Similar tables will be prepared for each area of
concern in the BHHRA.” Therefore, representativeness of the overall MDC of each
analyte with regard to the table is not an issue, but the MDC column simply provides
the highest value detected among the background wells or (in the BHHRA) within the
area of concern. Please see the response to Comment regarding Well PB-BED-MW?26.

Risk-based screening is mentioned in this background groundwater report to give the
reader a perspective as to how the background data will be used for screening in the
BHHRA. The basic protocol for developing BSC values and their use in the BHHRA
was agreed upon by USACE, OEPA, and NASA PBS at a September 11, 2002 meeting
in Sandusky, Ohio. Site data are not reported in this background document;

10of3
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Comment 2:

Response 2:

Comment 3:

Response 3:

Comment 4:

accordingly, neither are particular issues such as site data representativeness nor the
BHHRA protocol for determining exposure point concentrations.

Page 3-3, Section 3.4, second paragraph. Text states “BSC values will not be
established until quarterly background sampling is complete and a final
determination is made as to which wells truly represent background ground water
conditions.” The text should explain how it will be determined which wells truly
represent background.

A sentence will be included following the 5™ sentence in the second paragraph, page 3-
3: “True background wells will be determined by further groundwater quality
assessment, analytical data comparison with upgradient background wells PB-BED-
MW28 and PB-BED-MW?29, and additional groundwater flow mapping”.

Page 4-5, Section 4.2.4, January 2002 sampling event. Suggest the last sentence be
rephrased. The results of the single sampling round at PB-BED-MW?26 are not
outliers as much as they are not representative of ground water in the area due to
the extremely high turbidity of the samples collected from that well. The high
concentrations of unfiltered metals are a direct result of the inordinately high
turbidity, therefore the samples are not representative of water in the aquifer and
should not be considered in any further analyses.

[13

The following phrase will be added to the last sentence: ... and will not be used in the
determination of BSC values.” It is acknowledged that high turbidity is certainly a
factor in the anomalously high concentrations. However, when the metals analytical
results of PB-BED-MW26 are plottéd on a bar graph and compared with the same
analytical data from the other wells, the results are outliers in comparison, even when

accounting for the high turbidity.

Table 4-1, page 11 of 12. As noted in the previous comment, ground water from
PB-BED-MW?26 is not representative of site conditions due to the extremely high
turbidity of the samples. All but 6 of 22 maximum detected concentrations for
metals came from PB-BED-MW26. It would be inappropriate to use results from
this well in determination of background screening concentrations.

20f3
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Response 4:  Agreed. During the September 11, 2002 meeting between the USACE, OEPA, NASA,
and Shaw, it was determined to eliminate all groundwater analytical data from well PB-
BED-MW?26 from the background data set used to develop the BSC values. The MDC
values from the well will not be included in the final background screening calculations.
In the ninth quarterly report, results from PB-BED-MW26 will be excluded from the
MDC column on Table 4-1, although the results for this well will still be presented in
Table 4-1.

30f3
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