NOO164.AR.000718
NSWC CRANE
_50903a

| N,

Technical Memorandum

To: Mr. Bill Gates, Navy Southern Division
From: Dr. Tom Johnston, TetravTech, NUS, Inc.
Date: 13 March, 2002

Subject: Installation of Additional Ground Water Monitoring Wells at NSWC Crane SWMU 01,
Mustard Gas Burial Ground

L8

1.0 Purpose

This memorandum constitutes a proposal, with supporting rationale, to install and sample two
additional ground water monitoring wells at the Naval Surface Warfare Center (NSWC) Crane
Solid Waste Management Unit (SWMU) 01, also known as the Mustard Gas Burial Ground
(MGBG). The proposed additional wells would be installed to supplement the recent round of
sampling conducted in year 2001 under the Phase Ill Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) for the MGBG. This RFI is being conducted by Tetra Tech
NUS, Inc. (TtNUS) on behalf of the U.S. Navy Southern Division. Also proposed is some
additional sampling of existing wells.

This memorandum explains why ground water is the only environmental medium for which
additional sampling is recommended at this time. The additional well installation and associated
ground water sampling would be used to support the attainment of the following objectives:
delineate site contamination,

support a screening level human heaith risk assessment,

support a baseline ecological risk assessment, and

if chlorinated organic contaminants are detected in ground water at concentrations that pose
an unacceptable risk to humans or ecological receptors, collect data that can be used to
evaluate whether monitored natural attenuation is a potentially viable remedy for site
contamination.

el

A quantitative risk assessment has not yet been performed. The risk assessment process was
suspended pending the decision to install additional wells. '

Review and concurrence with this proposal is requested of the Navy Southern Division.

20 SWMU 01 Pre-2001 Investigative 'History

The following MGBG history is summarized from the QAPP for this project (TtNUS, 2001a).

The MGBG located at NSWC Crane, Indiana was used between the end of World War Il and
the late 1960s as a burial ground for mustard gas bombs, radioactive thorium or thorium-

containing chemicals and equipment, and small quantities of several laboratory chemicals. The
only documented laboratory chemical disposal occurred in 1967.
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Within the MGBG is the Primary Burial Area (PBA) which spans approximately 10% of the total
MGBG area. Based on past records and site exhumations, this area is where most, if not all,
burials and related activities took place.

In 1974 and 1980, radioactive thorium, mustard gas bombs and related materials were removed
from the MGBG. During the 1980 exhumation, some mustard gas (an oily liquid) was released
to the soil. The mustard gas was decomposed by chemical treatment soon after the release.
After the 1980 exhumation, the MGBG was declared by the U.S. Navy Radiological Affairs
Support Office (RASO) to have been cleared of radiological hazards. -

A ground water (GW) sampling and analysis. program was started in the early 1980s and
continued into 1986. During that time 27 wells were installed in three phases. Another well,
01C01, that was not sampled prior to 2001, was installed between 1986 and 1993. '

Radiological and chemical measurements were made on the sampled ground water. The only
quantitative chemical historical data that are available are the GW chemical concentrations from
the 1980s. Those data were collected from 27 of 28 site wells. According to existing reports,
those data have not been validated.

In 1995 a geophysical survey identified the presence of two geophysical anomalies, each of
which was believed to be trash buried at the site near the PBA (TtNUS, 2001a).

3.0 Historical Data Summary and Initial Conceptual Model

Note: Ground water monitoring wells were originally identified as WES 1-x-yy, where "X"
represents a sequential well number and "yy" represents the year the well was installed.
Current nomenclature identifies each existing "WES" well as 01-nn, where nn is a sequential
well number equal to the one used in the "WES" numbering system. For example, old well
number WES 1-1-81 would now be referred to as 01-01. Wells installed by TtNUS in 2001 are
labeled as 01Tnn where "nn" is a sequential number ("T" indicates a well installed by TtNUS).

Historical data consist almost entirely of ground-water data. Between 1981 and 1986, the U. S.
Army Corps of Engineers (USACE) Waterways Experiment Station (WES) installed 27
monitoring wells (Figure 1, Table 1). Well 01C01 was added later. The MGBG is located on the

crest of a topographic ridge that drops off rather steeply to the north-northeast and to the

southwest (Figure 1). Most of the monitoring wells are located:

o around the perimeter of the MGBG,

. 100 to 500 feet to the northwest along the crest of the ridge, or

. along the upper slope of the northwest flank of the ridge (ground elevation > 595 feet
amsl). ‘

Most of these wells are in areas that represent shallow ground-water flow immediately
surrounding the MGBG or shallow flow to the north and northwest directions. Two wells (01-18
and 01-27) are located slightly southwest of the ridge crest on the southwest side of access
road H-251 (Figure 1). As described below, these two wells represent shallow ground-water
flow in a southwesterly direction. :

Shown on Figure 1 are lines of three geologic cross sections. These cross sections are

presented in Figures 2 through 4. The ridge is composed of Lower Pennsylvanian-age bedrock
of the Mansfield Formation, which consists of irregular beds and lenses of sandstone, siltstone,
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and shale from near the ground surface down to an elevation of about 540 feet amsl (Figure 4).
It is difficult to correlate individual sandstone, siltstone, or shale units between wells because
they change elevation and pinch out rapidly in a lateral direction. There are two thin coal seams
that were encountered at elevations of approximately 615 and 562 feet amsl (Figure 4).
Because of the irregularities in the extent and thickness of each lithologic unit, and the variability
in the permeability and yield of ground water for each well, it is not possible to divide the
Pennsylvanian-age rock at this site into distinct "aquifers” or "water-bearing units". In general,
the ground water is likely moving along fractures, joints, and bedding planes, and not through a
porous matrix, as is commonly the case with unconsolidated deposits. The coal seams are the
most likely candidates to act like horizontal "aquifers” because they are often more continuous
and permeable than the other lithologies, but they are also thin.

Because shales and clay units are less competent and relatively "soft", joints and fractures in
these layers tend to reseal over time and tend to be less permeable, but not always. As will be
discussed below, it appears that the fractures and joints in shales and clays are sealed at this
site and these units are acting as aquitards (i.e., resistant to ground water flow).

Limestone beds were encountered in wells 01-06 and 01-10 (Figure 4) and 01-C01 (Figure 3)
below an elevation of approximately 540 feet amsl. The limestone probably represents the
uppermost Mississippian-age rock at this location. The exact formation within the Mississippian
System is still being determined, but the uppermost limestone is probably part of the Glen Dean
or Golconda Limestones of the Stevensport Group. The uppermost Mississippian Limestone is
considered to be an aquifer, separate from the Pennsylvanian rocks above. Altogether, there is
about 120 to 130 feet of Pennsylvanian rock overlying the Mississippian limestones and shales.
The bedrock units dip slightly to the west or southwest.

The ridge is the result of a long period of erosion following the deposition, consolidation, and
subsequent uplifting of the Pennsylvanian rocks. As the Pennsylvanian rocks were eroded
away, a layer of residual soil developed on the ridge crest and on the flanks of the ridge. As
shown in Figures 2 through 4, the thickness of the residual soil on the ridge crest is typically 2 to
10 feet thick. On the flanks of the ridge, the residual soil thickness is generally less than 4 feet
thick. :

The ground water levels measured in monitoring wells located on the ridge crest or upper flanks
of the ridge were between 9 and 40 feet below ground surface (bgs). These wells are all
screened in the upper or middle portions of the Pennsylvanian strata. A potentiometric surface
map for the ground water elevations measured in these wells in September 1983 is presented
as Figure 5. The shallow ground water elevation is highest in well 01-01 located on the
southeast side of the MGBG. The high groundwater elevations continue in the northwest

“direction along the ridge crest, as would be expected. On the northeast ridge flank, the ground

water elevations decline rapidly to the north and northeast in the direction of the intermittent
stream channel. Between 01-02 and 01-09, groundwater elevations drop approximately 60 feet.
Few wells are located on the southwest side of the ridge, but it is assumed that ground water
elevations are declining steeply in a southwesterly direction, as well. Based on Figure 5, the
steepest hydraulic gradients are toward the north and toward the southwest away from the
MGBG. There is a much gentler hydraulic gradient toward the northwest.

A tag map of the 1980s ground water VOC data, as excerpted from the QAPP, is presented in
Figure 6. Where it was deemed useful, the concentrations of individual VOCs are presented on
Figure 6, however, the total organic halogen (TOX) concentrations were generally plotted in
place of individual VOC concentrations. The justification for this is twofold. First, among
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individual VOCs and TOX, the TOX data were most comprehensive in terms of the number of
rounds of sampling/analyses, and number of wells represented. Second, the 1980 data show
that, by far, the bulk of the TOX data comprise chlorinated VOCs. Thus, a presentation of TOX
concentrations is a concise way to present the sum of chlorinated VOC concentrations at
individual wells. The years in which the data were generated are shown on each tag of Figure 6.

The greatest concentrations of VOCs were consistently detected at well WES 1-2-81 (now
called 01-02) in the 1980s. For example, the concentration of 1,1,2,2-tetrachloroethane (PCA)
was approximately 600,000 ug/L at that point in 1982. Table 2 is a summary of VOC
concentration data from 1980s and 2001 for detected VOCs. Each value in the table is the
average of concentrations measured over the course of the indicated years so these
concentrations do not necessarily match those plotted on Figure 6. PCA and TCE are
highlighted in Table 2 because they were the most frequently detected compounds and are
used to establish concentration contours discussed later in this memorandum. Notes are
provided in the table to indicate when sample dilutions may have caused elevated detection
limits for compounds other than PCA and TCE. Routine method detection limits for year 2001
are also provided in the table as points of reference.

Figure 6 shows sharply decreasing ground water VOC concentrations radially from the area
near well 01-02. Many perimeter wells exhibit detectable TOX or VOC concentrations
(detection limits were near 1 ug/L). The spatial TOX and VOC concentration distributions are
consistent with the expectation that ground water flows toward the northwest. This is especially
evident by the decreasing VOC concentrations toward the northwest away from the MGBG and
an elongation of the contaminant plume in the northwesterly direction. Also evident was the
potential for radial flow from near the PBA because some VOCs were detected in wells WES 1--
1-81, WES 1-3-81, and WES 1-4-91 to the southeast, southwest and northeast of the MGBG,
respectively.

Fifteen years passed between the 1986 sampling and the current RFI. It was possible that VOC
concentrations had changed dramatically during that time period. It was also possible that
VOCs had moved significantly outward from the MGBG, especially to the northwest. It was also
possible that VOC concentrations had decayed to insignificant levels despite the high
concentrations observed in the 1980s.

4.0 Nature and Extent of Contamination in 2001

The QAPP, Section 4, identifies sampling locations and scheduled sample analyses (TtNUS,
2001a). Figure 1 of this memorandum displays site features and sampled locations. No
deviations from the QAPP that could affect this technical memorandum are noted. Surface
water samples were scheduled to be collected from the drainage channels leading away from
the MGBG were, if water was present at the time of sampling. There was no flow present at
that time and surface water was not sampled.

Based on the 2001 analytical data and the decision rules outlined in the QAPP (TtNUS, 2001a),
the media-specific nature and extent of contamination in soil, ground water, and sediment at the
MGBG are discussed in the following subsections. Comparisons of site soil concentrations to
background concentrations were made in accordance with the NSWC Crane Basewide
Background Soil Investigation Report (TtNUS, 2001b).
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The focus of this memorandum is on an evaluation  of whether or not additional ground water
well installations and sampling are needed to complete the RFI. Therefore, a detailed
assessment of ground water contamination is presented here but the extent of contamination in
soil and sediment is treated less rigorously. It is expected that the arguments presented for soil
and sediment regarding extent of contamination will be self-evident upon inspection of the
figures in this memorandum together with the accompanying text.

Several tag maps were used to show the spatial distributions of chemical concentrations at the
MGBG. They are referenced in the subsections below where appropriate. Shown on the tags
or each map are the screening limits to which the data were compared (e.g., DC, MIG, RSRES,
BACK). If a soil metal concentration exceeded the 95% coverage, 95% upper tolerance limit
(95/95 UTL) of the NSWC Crane basewide background data set, the tag for that sample
indicates "UTL". If an analyte concentration exceeded a risk-based screening limit, this is
indicated on the tag by placing the screening limit abbreviation next to the analyte
concentration. The screening limit descriptions are provided in a legend on each figure.

4.1. Surface Soil

As displayed by Figure 7, arsenic, selenium, thallium, and iron were the only metals detected at
concentrations in excess of both background and risk-based screening levels. Concentrations
of arsenic, selenium, and thallium in samples taken from the site perimeter are in excess of the
risk-based screening levels, hence contamination is not bounded with respect to those
screening levels. Nevertheless, arsenic concentrations are not viewed to be greater than
background for reasons discussed in Attachment 1. The observed thallium concentrations are
suspected to. be analytical artifacts and select samples are being reanalyzed for thallium to
determine whether this is true. Selenium and iron concentrations are not recommended for
further investigation because they are not expected to pose a significant risk-related concern.
This is discussed further in Section 6. -

Figure 8 shows that several soil sampling locations exhibit thorium-230 concentrations in excess
of background concentrations. However, there is no facility-wide thorium-230 background data
set and the observed background exceedances are based on comparison to a single
background soil sample from soil boring 01SB21. All other radionuclides are less than
background concentrations and it is questionable whether thorium-230 actually exceeds
background concentrations. Nevertheless, none of the observed thorium-230 concentrations
exceeds the conservative US EPA soil screening level (SSL). Thus, additional investigation of
radionuclides is not recommended. :

. As displayed by Figure 9, methylene chloride was the only volatile organic compound detected
in surface soil at concentrations in excess of the USEPA Soil Screening Level (SSL) for
migration to groundwater [dilution attenuation factor (DAF) of 1] of 1 ug/kg. There is no spatial
trend in the methylene chloride concentrations to suggest a source of contamination for this
compound. Whether the observed methylene chloride concentrations could be laboratory
contamination is being investigated.

Isosafrole, a naturally occurring semivolatile organic compound (SVOC) used in the food and
fragrance industries, was detected in a few surface soil samples (01SS050002, 01SS060002,
01SS11000201SS180002, 01SS200002, 01TPS04) at concentrations ranging from 150 ug/kg to
46,000 ug/kg. All but one of the concentrations (46,000 ug/kg in 01SS050002) were less than
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the 9,940 ug/kg ecological screening level presented in Table 1-5 of the QAPP (TtNUS, 2001a).
Additionally, the measured concentrations do not exceed human health risk-based screening
level of 611,000 ug/kg derived by TtNUS based on toxicity studies (calculations and reference
will be provided in the RFI report). There has been no U.S. EPA Region 3 or IDEM risk-based
screening level developed for isosafrole to date. No other organic compounds were detected in
MGBG surface soils in excess of any risk-based screening levels and the continued
investigation of surface soils for organic compounds is not recommended.

4.2. Subsurface Soil

As displayed in Figure 7, arsenic, cadmium, chromium, nickel, selenium, thallium, and iron were
the only metals detected in subsurface soil samples at concentrations in excess of background
and risk-based screening levels. Similar to surface soils, the observed arsenic concentrations
are either demonstrably comparable to background levels when site-specific factors are
considered, or they are suspected of being analytical artifacts and are under investigation.
There are no patterns of the spatial distributions for any of these metals to suggest the presence
of a contaminant source. The concentrations of these metals do exceed background levels and,
in some locations, risk-based screening levels. Although these chemicals are not bounded
relative to the conservative screening levels, the concentrations do not appear to be elevated
enough to cause an unacceptable human health or ecological risk (See Section 6). Therefore,
continued investigation of metals in subsurface soil is not recommended.

The evaluation of radiological chemicals in subsurface soils was similar to that for surface soils
(Figure 8). No radiological chemicals exceeded background radioactivity levels and risk-based
screening levels.  Therefore, continued investigation of radiological chemicals is not
recommended.

As displayed by Figure 9, methylene chloride, PCA, and a few polycyclic aromatic hydrocarbons
(PAHs) were the only organic compounds detected in subsurface soil at concentrations in
excess of risk-based screening levels. Methylene chloride is suspected to be a laboratory
artifact and this is being investigated. PCA was only detected in sample 01SB090206 at a
concentration of 2 ug/kg. This concentration exceeds the USEPA SSL for migration to
groundwater (DAF of 1). However, this contaminant is considered to be laterally bounded in soil
and is not expected to pose an unacceptable human health or ecological risk at the observed
concentration. PCA was detected in groundwater at a concentration of 38000 ug/L. It is likely
that the presence of PCA in soil and ground water is related to past site disposal activities, but
the soil interval exhibiting the 2 ug/kg PCA sits atop bedrock and therefore, cannot be bounded
vertically in soil.

Benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene were each detected in only
one sample, 01SB090206, which is located within the PBA (Figure 9). This is the same location
where the PCA was detected in subsurface soil. Concentrations of benzo(a)anthracene and
benzo(b)fluoranthene were in excess of USEPA SSL for migration to groundwater (DAF of 1)
and the concentration of benzo(a)pyrene was in excess of IDEM Tier | Default Residential and
Commercial/Industrial Soil Closure Levels. The infrequent presence of PAHs cast doubt as to
whether these chemicals are related to site operations. Furthermore, the infrequent detections
of these chemicals in subsurface soil do not appear to represent a significant risk concern (See
Section 6). Additional sampling to bound the extent of organic chemicals in subsurface soil is
not recommended. »
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4.3 Sediment

Note: Because the drainage channels were dry at the time of sampling and the “sediments” in
those channels are not covered by water for 30 or more consecutive days during any year, the
“sediments” may be considered to be soil. Therefore, sediment data are currently being
evaluated against surface soils of the basewide background study to determine whether the
observed inorganic chemical concentrations are similar to NSWC Crane surface soils.

A single sediment sample (01SD01) was collected upgradient of the MGBG site samples. This
upgradient sample was treated as background for MGBG sediments, and direct comparisons of
site sediment concentrations to this upgradient sample were made.

As displayed by Figure 10, antimony, barium, chromium, iron, selenium, and thallium were the
only metals detected at concentrations in excess of background and risk-based screening
levels. Arsenic and nickel concentrations were in excess of risk-based screening levels, but not
background concentrations, and hence will not be discussed any further. Thallium was detected
in six of seven samples at concentrations ranging from 0.57 mg/kg to 7.1 mg/kg but the
observed concentrations are suspected of being laboratory artifacts and are under investigation.
Concentrations of antimony, barium, chromium, and selenium were in excess of USEPA SSL for
migration to groundwater (DAF of 1). Iron was detected in all seven samples at concentrations
ranging from 12,300 mg/kg to 76,900 mg/kg. Concentrations of iron were in excess of the
USEPA Region IX PRG for residential Iand use.

Concentrations of these metals are similar to concentrations detected in surface and subsurface
soil samples. There is no pattern with respect to the spatial distribution of these metals.
Concentrations of metals present in the most downgradient sample location (01SD02) were in
most cases greater than in the other sediment samples, hence contamination is not bounded
with respect to conservative risk-based screening levels. Nevertheless, the observed
concentrations are not expected to raise a significant risk concern. Additional sampling of
sediments, therefore, is not recommended. This is explained in more detail in Section 6.

Concentrations of radionuclides in sediment were less than all risk-based screening levels and
additional sediment sampling to bound radiological contaminants is not necessary.

The isosafrole concentration of sediment sample 01SD06 (7,600 ug/kg) is in large excess of the
4.12 ug/kg sediment risk-based target level presented in Table 1-5 of the QAPP. However, the
sediments at this site more closely resemble soils and the observed concentration is less than
the soil risk-based target level. Furthermore, only a single detection of isosafrole in the
drainage ditches was observed. Continued investigation of SVOCs in sediments is not
recommended. : : :

As displayed by Figure 10, PCA was the only organic compound detected in sediment at
concentrations in excess of risk-based screening levels. This compound was detected in only
sample 01SD03 at a concentration of 7 ug/kg, which is in excess of USEPA SSL for migration to
groundwater (DAF of 1). This compound was also detected in subsurface soil samples at a
maximum concentration of 2 ug/kg and in ground water at a maximum concentration of 38,000
ug/L. It is likely that the presence of PCA is related to past site disposal activities. Nevertheless,
PCA contamination in sediment is bounded and continued investigation of sediment for organic
chemicals is not necessary.
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4.4 Ground Water

As displayed in Figure 11, arsenic, manganese, iron, and thallium were the only metals detected
at concentrations in excess of risk-based screening levels. There is no background well for the
MGBG because the well (01T02) that was intended to serve as a side-gradient (i.e.,
background) well is actually located hydraulically downgradient of the MGBG. Thallium (total)
and thallium (dissolved) concentrations are in excess of USEPA Region IX Tap water PRG,
IDEM Tier | Default Residential and Commercial/Industrial Ground Water Closure Level, and
Federal MCL. Arsenic (total) concentrations are in excess of USEPA Region IX Tap water PRG
and Federal MCL. Dissolved arsenic concentrations exceed only the USEPA Region IX Tap
water PRG. Manganese (total) and manganese (dissolved) concentrations are in excess of
USEPA Region IX Tap water PRG.

Arsenic and iron were also detected in surface and subsurface soil samples at concentrations in
excess of risk-based screening levels. There is no pattern with respect to spatial distribution of
arsenic, manganese, iron, and thallium concentrations. Metals contamination is not bounded
laterally with respect to risk-based screening levels, but for reasons presented in Section 6,
these metals are not believed to pose unacceptable risks.

Concentrations of the radionuclides in ground water were similar to or less than all risk-based
screening levels except for gross beta detected in well 01-25 at a concentration of 50.2 pCi/L
(not shown on Figure 11), which is just great enough to warrant re-analysis to verify this
concentration (Figure 11). Re-analysis is currently under way.

Two “background” ground water samples were collected from well 01T02 with the intent of using
them to evaluate site contaminants. These “background” samples, however, were not used for
background comparisons because the recent hydrogeologic data support the view that radial
flow of GW from the PBA exists at the MGBG (Figure 12). This radial flow places well 01T02
downgradient of the MGBG and suggests that installation of an upgradient well at the MGBG is
not possible. The 2001 potentiometric surface data are discussed further in following sections
of this memorandum.

As displayed in Figure 13, bis(2-ethylhexyl)phthalate was detected at concentrations exceeding
the USEPA Region IX Tap water PRG, the IDEM Tier | Default Residential and
Commercial/Industrial Ground Water Closure Level, and the Federal MCL. = Bis-(2-
ethylhexyl)phthalate was detected in three of eleven samples analyzed at concentrations
ranging from 5 ug/L to 15 ug/L. Hexachloroethane was detected in well 01-02 at a
concentration of 5 ug/L, which is in excess of the USEPA Region IX Tap water PRG.
Heptachlor was also detected at concentration in excess of the USEPA Region IX Tap water
PRG. Heptachlor was detected in wells 01C01 and 01-11 at concentrations of 0.017 ug/L and
0.023 ug/L, respectively. Concentrations of bis(2-ethylhexyl)phthalate, hexachloroethane, and
heptachlor are bounded laterally with respect to the applicable screening limits. Furthermore,
the concentrations of these chemicals, while in excess of select risk-based screening levels, do
not appear to pose an unacceptable risk (See Section 6.0).

Figure 13 shows that several chlorinated VOCs were detected in ground water at concentrations
in excess of risk-based screening levels (VOC concentrations are not shown for well 01702 on
that figure; see Table 2 for the concentrations). These VOCs were detected in five to 18 of the
28 ground water samples collected. Concentrations of chlorinated VOCs range from 0.1 ug/L
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(chloroform) to 38,000 ug/L (PCA). Wells 01-05, 01-02, 01-15, and 01-19 contained

concentrations of chlorinated VOCs in excess of 300 ug/L. Concentrations of chlorinated VOCs

were in excess of one or all of the following risk-based screening levels:

e USEPA Region IX Tap water PRGs,

e IDEM Tier | Default Residential and Commercial/Industrial Ground Water Closure Levels,
and

¢ Federal Maximum Contaminant Levels (MCLs).

Concentration contour maps of PCA and TCE based on 1980s based on ground water samples
collected in the 1980s and 2001, and are shown on Figures 14 and 15 (1980s), and 16 and 17
(2001). The data for these figures were taken from Table 2. Only the most recent year for
which data are available were used to generate the contours. Because data from multiple years
was used for generating the Figure 14 and 15, the date associated with each concentration
value is presented on the tags in those figures.

The' greatest concentrations of groundwater contamination are found in well 01-02 for both
chemicals in both sampling rounds. Concentrations of PCA at 66,000 ug/l and TCE at 30,000
ug/l were measured in well 01-02 in 1986, and were almost 50% less in 2001 (38,000 ug/l and
16,000 ug/l, respectively). Moderate contaminant concentrations were detected in wells 01-11
and 01-14 for both VOCs. These concentrations decreased between 1986 and 2001. Lesser
concentrations of both VOCs were detected in wells 01-15, 01-19, and 01-22; however a
decreasing trend in contaminant concentrations over time is not as evident in these wells when
compared to wells further to the east, closer to well 01-02. Low concentrations of contaminants
were detected in perimeter wells sampled during 2001 including wells 01-05, 01-8, 01-10, 01-
18, 01-24; which serve to identify the boundary of shallow groundwater contamination.

Figure 17, which is a time series plot of yearly average VOC concentrations for PCA and TCE in
wells 01-02 and 01-05 depicts the dramatic decrease in VOC concentrations in the center of the
plume over the past 20 years. Table 2 is a presentation of the supporting data for these figures
and serves to identify.other concentrations of individual VOCs in the historical data. It must be
remembered that the quality of the data prior to 1986 is- unknown, so Figures 18a and 18b and
Table 2 are provided only to serve as gross indications of the dramatic changes in chemical
concentrations over time.

In general, the isoconcentration contour maps depict an oblong-shaped shallow groundwater
plume with a west-northwest to south-southeast trending axis, which appears to be decreasing
in concentration from 1986 to 2001. The greatest concentrations of groundwater contamination
are clearly evident at well 01-02. The lateral extent of the contaminant plume is generally well
defined with respect to risk-based screening levels. Low to undetectable concentrations of
organic contaminants are evident in shallow perimeter wells, with the exception of well 01-25.
The dotted (rather than solid line) isopleths near that well depicts this on Figures 16 and 17.

Taken together, the data from the 1980s and the 2001 data indicate that the plume is essentially
static with regard to lateral position. The vertical extent of VOC contamination can not be said
to be well bounded because there are not enough deep wells in the appropriate locations to
demonstrate that vertical migration of VOCs is not occurring. In particular, the VOC plume
extends toward the west-northwest, however, there should be deep wells along this axis that
can demonstrate that VOCs have not migrated to lower elevations. This is especially significant
given that the VOCs of interest have a specific gravity greater than 1.0 and would be expected
to sink to lower elevations over time if they are present as nonaqueous phase liquids.
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4.5 Summary of Environmental Contamination

The 2001 sampling and analyses revealed the continued presence of VOCs in ground water at

the MGBG, albeit at generally lesser concentrations than in the 1980s. In the 1980s the VOC

plume extended primarily to the northwest of the MGBG. This plume configuration is still

evident today. Based on a review of the 2001 data, all other chemicals that were investigated

meet one or more of the following conditions and do not warrant further investigation in any

media except in select cases::

1. they are not detectable using routine chemical and radiological analytical methods,

2. the observed concentrations are commensurate with background concentrations,

3. the chemicals are present at concentrations that are less than applicable risk-based
screening levels, ,

4. the chemicals are present at elevated concentrations but the concentrations do not appear
to be elevated enough to represent an unacceptable human health or ecological risk.

5. the chemicals are present at elevated concentrations, but the observed concentrations are
thought to be due to laboratory contamination (e.g., methylene chloride) or to analytical
artifacts (e.g., thallium).

5.0 Current Conceptual Site Model

During the installation of soil borings in 2001, an effort was made to recover perched ground
water at the overburden-bedrock interface at the MGBG. It was planned that this water could be
used as an integrator of contamination that might collect at low points in the bedrock surface to
increase the likelihood that overburden contamination would be detected if it were present. No
water was found at the bedrock-overburden interface. This, coupled with geologic information,
indicates that groundwater is present only in the bedrock beneath the site.

Hydrogeologic cross sections are presented in Figures 2, 3, and 4. Locations of the
Hydrogeologic cross sections are shown on Figure 1.

As described in Section 3.0, only wells 01-06 and 01C01 monitor deeper groundwater in the
bedrock. Shallow groundwater depths range from approximately 10 feet beneath the ground
surface to greater than 30 feet beneath the ground surface, depending on topography. Shallow
ground water flow patterns are expected to mimic topography, highest ground water elevations
are typically found along ridge crests, and ground water flow is lateral toward the major stream
or tributary valleys. '

Well 01T02 was installed in 2001 by TtNUS about 800 feet to the southeast of the MGBG
(Figure 1). The additional water level information obtained from this well has provided an
improved understanding of MGBG hydrology and the ground water elevation contours have
been updated to reflect this (Figure 12). Radial shallow groundwater flow in all directions is
demonstrated by the 2001 water level measurements. Groundwater migration in the bedrock is
expected to follow higher permeability pathways including lateral flow along bedding. planes, as
well as vertical flow along joints and fractures. The observed elongation of VOC contamination
west of the PBA suggests that ground water could be migrating through fractures in this
direction.
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The wells used to create Figure 12 are all screened in Pennsylvanian rock above an elevation of
571 feet amsl. One of the original wells (01-06) is screened about 60 to 90 feet deeper than the
other monitoring wells (screen elevation: 511 — 521 feet amsl). The ground water elevation
measured in this well in 1983 was 61 feet deeper than the next deepest water level. The large
difference between water levels in the shallow wells and the potentiometric levels in the deeper
strata indicate that one or more of the following conditions exists:

e There is a large vertical hydraulic gradient within the ridge (nearly 1 foot/foot) that should be
causing some portion of ground water within the ridge to be flowing downward.

e The fractures and joints within the shale and clay strata may be sufficiently sealed such that
the vertical permeability through these lithologies is extremely low and they are acting as
aquitards; i.e., they impede the downward flow of ground water and enhance the lateral flow
toward the ridge flanks. '

e The ground water in the Pennsylvanian Tocks is perched above the uppermost Mississippian
aquifer, and the Mississippian aquifer acts as an underdrain for the ridge.

Shallow groundwater contamination still appears to originate from an area in the vicinity of well
01-02, and is migrating laterally in a west-northwest direction. The potentiometric surface maps
show a predominantly north — northeast flow component, but the westward dipping bedrock may
act to divert groundwater flow to the northwest, resulting in contaminant migration in this
direction. Shallow groundwater may also be migrating vertically in a downward direction along
preferential pathways of lower hydraulic conductivity, namely joints and fractures. There is little
to no lateral contaminant migration evident in the other directions from the MGBG.

Deep wells 01C01 and 01-06, are off the center axis of the ground water VOC plume, which
elongates toward the west. Well 01C01 shows concentrations of naphthalene between 0.017
ug/L heptachlor and 0.108 ug/L of acenaphthene. Well 01-06 shows 0.08 ug/L of naphthalene.
No other organic chemicals were detected in these wells and neither of these two wells showed
detectable concentrations of volatile organic chemicals, which comprise the plume of interest.
These and the other perimeter wells provide good indications that off-axis VOC concentrations
have not migrated deep into the bedrock. However, the primary flow direction of VOC
contamination in groundwater is toward the west-northwest and there are no deep wells in that
direction.. This lack of deeper wells along the long axis of the VOC plume where VOC
concentrations are greatest makes it difficult to assess with a satisfactory level of confidence
whether the VOCs have migrated downward in the bedrock. The implication of this is that
deeper ground water contamination could be moving away from the MGBG without detection.
The direction of shallow ground water is such that contaminated ground water would be moving
further onto the Base, but the deeper ground water flow system is not understood as well as
shallow flow. Without an understanding of deeper GW contamination, an evaluation of future
risk and potential remedial actions is hampered. Risk assessment concerns are addressed
briefly in the next section.

6.0 Risk Assessment Data Gaps

This section evaluates the environmental data collected to date to determine whether adequate
data have been collected at the MGBG for purposes of conducting a human health risk
assessment. The discussion is presented by environmental medium. . The evaluation was
conducted as required by the decision rules presented in the QAPP for the MGBG, but is an
abbreviated evaluation designed to support the intent of this memorandum. A complete risk
assessment will be conducted in accord with the QAPP at the appropriate time. The following
factors were considered.to determine whether data gaps exist:
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e Contaminant levels in an environmental medium versus concentrations detected in the
corresponding background environmental medium collected for Crane NSWC.

e Contaminant levels in an environmental medium versus risk-based concentrations and
criteria specified in the QAPP for the MGBG.

e The spatial pattern of contamination (i.e., does the pattern of contamination suggest that the
chemical or radiological contamination is site related?).

6.1 Data Gaps for Soils

As discussed in Section 4, radionuclides were not detected at concentrations exceeding base-
wide background soil concentrations or background concentrations presented in the literature.
Additionally, they do not exceed radiological soil screening levels. While some inorganic
concentrations may exceed background concentrations, the exceedances generally appear to
be marginal and the pattern of contamination does not suggest that the MGBG is a significant
source of environmental contamination, if any source at all. The organic contamination detected
in the soils is low-level (typically less than 1 mg/kg; frequently less than 100 ug/kg) and, in some
cases (e.g., the PAHs), may reflect non-site related anthropogenic sources of contamination.
Risk estimates based on analytical data for samples collected along the boundaries of the site
would not exceed risk benchmarks for further nature and extent sampling established in the
decision rules for the QAPP. Therefore, additional soil sampling for purposes of delineating the
vertical/harizontal extent of contamination or conducting human health risk assessment is not
recommended.

Although there are some exceedances of ecological screening levels at boundary locations
(e.g., selenium), the magnitudes of the exceedances, the spatial distributions, and the exposure
unit considerations are such that additional soil data are not needed to complete the baseline
ecological risk assessment.

6.2 Data Gaps for Sediments

Although the thorium concentrations detected in the sediment samples exceed the
concentration detected at background sediment sampling location 01SD01, the concentrations
detected do not exceed background soil concentrations. Additionally, as noted above,
radiological contaminants were not detected in source area soil samples at concentrations
exceeding basewide background soil concentrations. As noted with the soil organic
contamination detected in the sediments is low-level (typically less than 100 ug/kg; frequently
less than 10 ug/kg) and, in some cases (e.g., the PAHs), may reflect non-site related
anthropogenic sources of contamination. For example, contaminants observed in sediments
near the MGBG access road and downgradient of debris piles located to the southeast of the
MGBG are indicative of contamination that may be related to traffic and the accumulation of
debris rather than MGBG operations. While some inorganic detections may exceed background,
the pattern of contamination does not suggest that the site is a significant source area. Risk
estimates based on analytical data for the samples collected would not exceed risk benchmarks
for further nature and extent sampling established in the decision rules for the QAPP. Additional
sediment sampling for purposes of delineating the vertical/horizontal extent of contamination or
conducting human health risk assessment is not recommended. '
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Although there are some exceedances of ecological screening levels at boundary locations
(e.g., selenium), the magnitudes of the exceedances, the spatial distributions, and the exposure
unit considerations are such that additional soil data are not needed to complete the baseline
ecological risk assessment. :

6.3 Data Gaps for Groundwater

In contrast to the analytical data collected for soil and sediment, the available groundwater data
suggest that the extent of volatile organic contamination has not been adequately delineated
and additional investigation is warranted.

The available data for the shallow groundwater aquifer indicate that this natural resource is not
suitable as a domestic water supply source. As shown in Figure 8, several VOCs have been
detected in the shallow aquifer at concentrations exceeding risk-based concentrations and
criteria (e.g., Federal Safe Drinking Water Act maximum contaminant levels) presented for
domestic consumption of a water supply in the QAPP. Exceedances are noted in several wells
including the wells most distant from the source (i.e., the horizontal extent of contamination has
not been defined). However, environmental sampling over the past two decades also indicates
that contaminant concentrations in the shallow aquifer have stabilized (and the plume is
diminishing in concentration and lateral size). Furthermore, significant contaminant migration to
a facility boundary (a potential receptor) is not likely because the ground water flow is toward
the northwest toward the center of the NSWC Crane.

In contrast,‘ only limited sampling of the deeper aquifer has been conducted and knowledge of
the physical characteristics of the deeper aquifer is more limited (e.g., ground water flow

direction; contamination, if any). The vertical extent of groundwater contamination has not been

defined and risks to future on-site or off-site human receptors potentially using the deeper
aquifer can not be estimated at this time. Consequently, a comprehensive baseline risk
assessment (i.e., one that addresses all plausible receptors) can not be completed at this time
and risk management decisions may be more limited than necessary as a result of this data
gap. For example, if dense, nonaqueous phase liquids are present, the potential for
contaminant migration off site would need to be evaluated. This is especially important when
the proximity of the MGBG to the facility boundary is noted along with the potential for flow of
ground water in different directions at different elevations. The ground water flow at the deeper
elevations has not been characterized to date for the MGBG.

Additional groundwater sampling for purposes of delineating the vertical extent of VOC
contamination and conducting human health risk assessment is recommended. This
information will allow the refinement of the risk conceptual model for the site and the completion
of the human health risk assessment. The additional information may also have an impact on
remediation decisions for the site. The other organic chemicals, inorganics, and radiologicals
detected in the groundwater samples to date (see Figures 7 and 8 and Section 4.0) are not
significant site-related contaminants based on comparisons to background data, comparisons to
risk-based screening levels, and based on the spatial distributions of the chemicals. Additional
sampling and analysis for chemicals other than the volatile organic chemicals is not
recommended. : -
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7.0 Proposed Additional Field Work

It is proposed that two additional monitoring wells be installed to define the vertical extent of
contamination beneath the shallow groundwater plume that exists at the site. These wells are
intended to be installed in a deeper water yielding zone, in the anticipation of collecting
groundwater samples that would yield no or very low concentrations of groundwater
contamination. Success in achieving acceptably low levels of VOCs would constitute vertical
bounding of the extent of organic chemical contamination at the MGBG.

The two wells will be installed as clusters adjacent to shallow wells 01-02 and 01-15. The well
borings will be cored continuously to observe the subsurface conditions for the presence of a
water yielding zones during drilling. The borings will be extended to at least 30 feet deeper than
the adjacent shallow well but no deeper than 150 feet beneath the ground surface, depending
on subsurface conditions. Well 01-06 monitors a groundwater zone in limestone at an
approximate elevation of 510 feet amsl. This zone appears to be hydraulically lower from the
shallow groundwater monitored by the remaining wells at the site (see the potentiometric
surface elevations shown on Figure 12). This zone may be targeted for deep monitoring wells,
in the event that no significant water yielding zones worthy of monitoring are encountered at
shallower depths during well drilling.

It is proposed that vertical profiling of VOCs be conducted by scanning the rock cores with an
organic vapor monitor. This profiling, supplemented with visual inspection, will yield information
concerning the elevations at which VOCs may be present. It is proposed that aquifer testing
(e.g., slug testing) be performed to establish bedrock permeabilities in this region of the MGBG.

Pending the investigation of potential analysis artifacts a minimal number of additional analyses
may also be proposed to resolve questions concerning the presence of, or concentrations of,
contaminants in other environmental media. In addition, natural attenuation parameters will be
measured in accordance with the QAPP.
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TABLE 1

SUMMARY OF MONITORING WELL CONSTRUCTION DETAILS
MUSTARD GAS BURIAL GROUND
NSWC CRANE, CRANE, INDIANA

Horizontal Location® . Well Screen Interval Well Screen Interval Ground water Depth & Elevation
Ground Top of PVC | Well Depth
Monitoring Well Date Surface Casing from Top of Screen Depth to Depth to Elevation of | Elevation of Date Ground water
Number Installed Northing Easting Elevation Elevation | PVC Casing| Length Top Bottom Top Bottom | Measured™ | Depth to Water - Etevation®
(feet-AMSL) | (feet-AMSL) (feet) (feet) (feet-bgs) (feet-bgs) (feet-AMSL) | (feet-AMSL) - (feet) (feet-AMSL)
WES-1-1-81 1981 460547 578084 683.14 " 686.14 51.0 9.63 33.14 42.77 650.00 640.37 09/14/83 28.05 660.09
WES-1-2-81 1981 460856 577831 664.04 667.04 25.8 v9.36 8.24 17.60 655.80 646.44 09/14/83 13.50 653.54
WES-1-3-81 1981 460596 577746 667.43 670.43 21.6 9.42 3.99 13.41 663.44 . 654.02 09/14/83 12.83 657.90
WES-1-4-81 1981 460800 577998 669.95 672.95 34.0 9.21 16.47 25.68 653.48 644.27 09/14/83 16.28 656.67
WES-1-5-81 1981 460831 577913 665.69 668.69 33.6 9.12 16.18 25.30 649.51 640.39 09/14/83 15.35 653.34
WES-1-6-82 11/12/82 461115 577955 596.02 599.02 93.0 9.38 75.02 84.40 521.00 511.62 07/20/83 69.70 529.32
WES-1-7-82 11/14/82 461184 577674 603.45 606.45 31.0 9.38 12.61 21.99 590.84 581.46 09/14/83 17.94 588.51
WES-1-8-82 11/15/82 461099 577833 601.99 604.99 31.2 9.32 13.63 22.95 588.36 579.04 09/14/83 15.67 589.32
WES-1-9-82 11/17/82 461048 577939 610.18 613.18 35.0 9.38 17.40 26.78 592.78 583.40 09/14/83 22.38 590.80
WES-1-10-82 01/22/83 460960 577916 636.77 639.77 43.0 9.40 25.25 34.65 611.52 602.12 - 09/14/83 26.45 613.32
WES-1-11-82 01/08/83 460880 577737 656.34 659.34 22.6 8.63 6.72 15.35 649.62 640.99 09/14/83 9.04 650.30
WES-1-12-83 01/19/83 461011 577714 634.05 637.05 41.0 9.41 23.26 32,67 610.79 601.38 09/14/83 25.85 611.20
WES-1-13-83 01/22/83 460993 577809 634.98 637.98 38.0 9.45 19.97 29.42 615.01 605.56 09/14/83 25.08 612.90
WES-1-14-83 01/26/83 460924 577635 £56.14 659.14 39.0 9.53 21.12 30.65 635.02 625.49 09/14/83 16.84 642.30
WES-1-15-83 02/10/83 460965 577543 663.01 666.01 40.0 9.50 22.10 31.60 640.91 631.41 09/14/83 27.03 638.98
WES-1-16-83 02/11/83 461069 577611 641.94 644.94 41.5 9.25 23.75 33.00 618.19 608.94 09/14/83 35.25 609.69
WES-1-17-83 02/12/83 460823 577609 662.54 665.54 41.0 9.30 23.25 32.55 639.29 629.99 09/14/83 19.70 645.84
WES-1-18-83 06/18/83 460685 577538 658.40 661.40 32.0 9.29 14.3 23.59 644.10 634.81 09/14/83 14.58 646.82
WES-1-19-83 06/18/83 461000 577478 656.79 659.79 33.2 9.0 15.7 24.70 641.09 632.09 09/14/83 20.35 639.44
WES-1-20-83 06/21/83 461131 577516 631.35 634.35 39.1 9.34 21.35 30.69 610.00 600.66 09/14/83 28.00 606.35
WES-1-21-83 06/21/83 461225 577587 603.82 606.82 41.2 9.01 23.74 32.75 580.08 571.07 09/14/83 18.24 588.58
WES-1-22-83 07/09/83 461034 577355 653.55 656.55 38.0 9.15 20.5 29.65 633.05 623.90 09/14/83 17.55 639.00
WES-1-23-83 07/11/83 461152 577419 625.81 628.81 48.0 9.07 30.51 39.58 595.30 586.23 09/14/83 40.05 588.76
WES-1-24-83 07/09/83 461267 577496 600.57 603.57 33.4 9.41 15.62 25.03 584.85 575.54 09/14/83 15.18 588.39
WES-1-25-83 08/06/83 461072 577259 654.16 657.16 34.2 8.37 17.42 2579 636.74 628.37 09/14/83 20.10 637.06
WES-1-26-83 08/06/83 460954 577245 670.21 673.21 58.0 9.12 40.45 49.57 629.76 620.64 09/14/83 35.25 637.96
WES-1-27-83 08/10/83 460776 577381 659.75 662.75 43.0 8.0 25.55 34.55 634.20 625.20 09/14/83 23.86 638.89
1C01-93 1983 NA NA NA NA NA NA NA NA NA NA NA NA NA

b wnN -

Notes:

BGS - below ground surface
AMSL - Above mean sea level

PVC - polyvinyl chioride

NA - not available

Elevations are relative to Mean Sea Level, NGVD 29.

All wells were installed by the USACEWES and screened in the Pennsylvanian formation.
Referenced to the Indiana State Plane Coordinates, Zone 1302 (West), NAD 83.

Most recent round of water level data {Dunbar, April 1984, Appendix D).
Referenced to top of PVC casing. ’




Table 2

Concentrations (ug/L) of Detected VOCs Over Past 20 Years

Page 1 of 5
Year
Well Parameter 1982 1983 | 1985 1986 2001 | 2001 MDL Notes
01-01 |[METHYLENE CHLORIDE 8.0 1U
, TETRACHLOROETHENE 0.1 0.5U
01-02 [1:1;2,2:TETRACHLOROETHANE | 312500 525 66000] 38000
1,1,2-TRICHLOROETHANE 22 1000 Sample dil'n
1,1-DICHLOROETHENE 65.0 500 Sample din
1,2-DICHLOROETHANE 3090 500 Sample dil'n
BROMOFORM 8600 500 Sample dil'n
CARBON TETRACHLORIDE 34.0 500 Sample dil'n
CHLOROBENZENE 6.0 500 Sample dil'n
CHLORODIBROMOMETHANE 3040 500 Sample diln
CHLOROFORM 2000 840
METHYLENE CHLORIDE 47.0 1000 Sample di'n
TETRACHLOROETHENE 3450 187.0 370
TRANS-1,2-DICHLOROETHENE 2475 24.3 1000 Sample dil'n
TRICHLOROETHENE 87500 1180 30000 16000
01-03 {1:1:2;2:TETRACHLOROETHANE 20.0 0.5
TRICHEQROETHENE 3.0 0.6
. ‘ 01-04 |[METHYLENE CHLORIDE 1.0 5
! 01-05 [171:2:2-TETRACHLIOROETHANE 58.0 85.9 7.0 9.0
1,1,2-TRICHLOROETHANE 46 5.0 9.0
1,1-DICHLOROETHENE 0.2
CIS-1,2-DICHLOROETHENE 2.0
TETRACHLOROETHENE 2.0
TETRAHYDROFURAN 11.0 Not analyzed in 2001
TRANS-1,2-DICHLORCETHENE 0.3
TRICHLOROETHENE 2900 1010 380 550
01-06 |METHYLENE CHLORIDE 3.0 3
01-07 |METHYLENE CHLORIDE 40.0
TOLUENE 1.0
TRICHLOROETHENE 3.0 05
01-08 {1,1,2-TRICHLOROETHANE 0.6
METHYLENE CHLORIDE 2.0 1
TRICHEOROETHENE 1.0 4.0
01-09 |METHYLENE CHLORIDE 5.0 0.8
TRICHLOROETHENE 5.0 0.5
01-10 [1,1,1-TRICHLOROETHANE 5.0 0.5
BENZENE 1.0 0.5
METHYLENE CHLORIDE 6.0 0.5
TETRACHLOROETHENE 1.0 0.5
‘ TRICHIOROETHENE 8.0 0.4
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Table 2
Concentrations of Detected VOCs Over Past 20 Years

Page 2 of 5
Year
Well Parameter 1082 | 1983 | 1985 | 1986 | 2001 |2001 MDL Notes
01-11 |1,1,1,2-TETRACHLOROETHANE 3.0
111:2.2:TETRACHLOROETHANE 138 760 170
1,1,2-TRICHLOROETHANE 101 12.0 5.0
1,1-DICHLOROETHENE 07
1,2-DICHLOROETHANE 40
CHLOROFORM ’ 200 15.0
CiS-1,2-DICHLOROETHENE 5.0
TETRACHLOROETHENE 52 100 6.0
TRANS-1,2-DICHLOROETHENE | 4.0 17.0 2.0
TRICHLOROETHENE ' 150 . 500 180
TRICHLOROFLUOROMETHANE 4.0 1
01-12 |1,1,1-TRICHLOROETHANE 6.0 ‘ 7
:1:2,2:TETRACHLOROETHANE 6000 518; 280 230
1,1,2-TRICHLOROETHANE 341 7.0 13
1,2-DICHLOROETHANE 28.0
CHLORODIBROMOMETHANE 61.0
CHLOROFORM 53.0| 13.0 5.0 9.0
METHYLENE CHLORIDE 5.0
TETRACHLOROETHENE 1.4
TRANS-1,2-DICHLOROETHENE | 240 193 6.0 13
TRICHALORGQETHENE 2300 180 190
01-13 [1;1:212°TETRAGHLOROE THANE : 9.0
TRICHLOROETHENE 8.0
01-14 [1,1,1-TRICHLOROETHANE 29.0 0.5
© 1122 TETRACHEOROETHANE 320 648 570 8.0
1,1,2-TRICHLOROE THANE 15.0 0.4
1,2-DICHLOROETHANE 4.0 14.0 03
CHLOROFORM 7.0 33 24.0 0.1
CIS-1,2-DICHLOROETHENE 0.9
METHYLENE CHLORIDE 7.0 2
TRANS-1,2-DICHLOROETHENE 30| 36 16.0 0.3
TRICHEOROETHENE 92.0| 531 320 20.0
TRICHLOROFLUOROMETHANE 19.0 1
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Table 2
Concentrations of Detected VOCs Over Past 20 Years
Page 3 of 5
Year
Well Parameter 1982 | 1983 | 1985 | 1986 | 2001 | 2001 MDL Notes
01-15 |1,1,1-TRICHLOROETHANE 7.0 13
11,2,2-TE TRACHLOROETHANE 1480 230 270 250
1,1,2-TRICHLOROETHANE 17.0] 126 14.0
1,1-DICHLOROE THENE 2.0 ' 25
1,2-DICHLOROE THANE 320 13
CHLOROFORM 235 13.8 18
METHYLENE CHLORIDE 30 53
TETRACHLOROETHENE 35 13
TETRAHYDROFURAN 93.0 Not analyzed in 2001
TRANS-1,2-DICHLOROE THENE 180[ 148 25
TRICHEOROETHENE 238 301 12.0 310
01-16 |1.1,1-TRICHLOROETHANE 23.0 Dry
13112, 2:TETRACHLOROETHANE 5400 Dry
7,1-DICHLOROETHENE 1.0 Dry
1,2-DICHLOROE THANE 230 Dry
‘ 1.3-DICHLOROPROPENE 1000 Dry
CHLOROFORM 430 Dry
METHYLENE CHLORIDE 7.0 Dry
TRICHCOROETHENE ' 513 Dry
01-17 [1.1,1,2-TETRACHLOROETHANE 0.3
1.11-TRICHLOROETHANE 7230 05
1.1/ 2:Z2TETRACHEOROETHANE 320] 100
7.1,2-TRICHLOROETHANE 0.8
1,1-DICHLOROE THENE 0.4
7,2-DICHLOROETHANE 50 . 10
CHLOROFORM : 50 4.0
CIS1,2-DICHLOROETHENE 10
METHYLENE CHLORIDE 7.0 . 1
TETRACHLOROETHENE 37.0 170
TRANS-1,2-DICHLOROETHENE 0.7
TRICHCOROETHENE 62.5 520 45.0
TRICHLOROFLUOROMETHANE 40 1
01-18 [1::2:2:TETRACHLOROETHANE 03
METHYLENE CHLORIDE 02
TRICHEOROETHENE 50

v
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‘ . Table 2
Concentrations of Detected VOCs Over Past 20 Years

1

: Page 4 of 5
Year

Well Parameter 1982 1983 | 1985 1986 2001 | 2001 MDL Notes

01-19 [1,1,1,2-TETRACHLOROETHANE 5.0
1:1,2.2-:TETRACHLOROETHANE : 146 300 270
1,1,2-TRICHLOROETHANE 5.7 9.0 9.0
1,1-DICHLOROETHENE 20
1,2-DICHLOROETHANE ’ 19.0 10.0 10.0
CHLOROFORM 15.0 10.0 14.0 27.0
CIS-1,2-DICHLOROETHENE 8.0
METHYLENE CHLORIDE ' 0.4
TETRACHLOROETHANE 71 Not analyzed in 2001
TETRACHLOROETHENE 6.0
TOLUENE 50| - 0.5
TRANS-1,2-DICHLOROETHENE 12.0 8.0 3.0
TRICHLOROETHENE 180 221 240 300
TRICHLOROFLUOROMETHANE 2.0 1

01-20 |1,1,1-TRICHLOROETHANE 1.0 0.5
1:1.2.2 TETRACHLOROETHANE 60|  30.0
1,1,2-TRICHLOROETHANE ‘ 0.6
1,1-DICHLOROETHENE 6.0 1
METHYLENE CHLORIDE 0.3
TRICHEOROETHENE 430 75.0 30.0

01-21 [1,1,19-TRICHLOROETHANE 1.0 0.5
BENZENE 20 0.5
METHYLENE CHLORIDE . 3.0 0.5

01-22 |1,1,1,2-TETRACHLOROETHANE 2.0
1,1,1-TRICHLOROETHANE 2.0 0.5
{1;,{1;2 2:-TETRACHLOROETHANE 50.0| 65.3 1200 150
1,1,2-TRICHLOROETHANE 4.0
1,1-DICHLOROETHENE 0.8
1,2-DICHLOROETHANE 3.0 0.5
BENZENE ’ 3.0 0.5
CHLOROFORM 4.0 44 8.0 15.0
CIS-1,2-DICHLOROETHENE 4.0
ETHYLBENZENE 10.5 : 0.5
METHYLENE CHLORIDE 0.3
TETRACHLOROETHENE 3.0 _
TOLUENE 51 0.5
TRANS-1,2-DICHLOROETHENE 71 2.0
TRICHLIOROETHENE 80.0 117 140 120
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. Table 2
Concentrations of Detected VOCs Over Past 20 Years
Page 5 of 5
Year
Well Parameter 1982 1983 | 1985 1986 2001 | 2001 MDL Notes
01-23 |1,1,1-TRICHLOROETHANE 2.0 0.5
CHLOROFORM 2.0 05
METHYLENE CHLORIDE 6.0 0.2
TRICHCORQETHENE 2.0 05
01-24 [1,1,1-TRICHLOROETHANE 1.0 0.5
METHYLENE CHLORIDE 2.0 1
TRICHLORDETHENE 0.4
01-25 |1,1,1,2-TETRACHLOROETHANE 2.0
1°1°2,2:TETRACHLOROETHANE 42.0 32.0
CHLOROFORM ’ 7.0
TRICHLOROETHENE 59.0 65.0 0.5
01-26 |BENZENE 5.0 05
01-27 |[TETRAHYDROFURAN 49.0 Not analyzed in 2001
01C01 |All analytes NA NA | NA NA ND
01T02 |CHLOROFORM 0.3
METHYLENE CHLORIDE 0.2
TOLUENE 0.6
TRICHCOROETHENE 0.2
NA = Not applicable
ND = No detections
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PAGISWSWC_CRANE\SWMUO1.APR SAMPLE LOCATION MAP 2/15/02 AJ

. DETAIL OF ANOMALY EXCAVATIONS % N
&
SMALL PIT
: 01TPS04
PRIMARY
BURIAL
AREA
(S=515D04]
LARGE PIT
OTTPLO e H—m
01TPLO3 ‘ “N01TPLO3
20 0 20 Feet | [01TPLO1| |01TPLO2
e |
590 |
il _—
't"'au§m Primary Burial Area (PBA) 610 '

AN ==

01SB08

630

610

ol

590
LEGEND -
®  Monitoring Well 570
Soil Boring
Abandoned Boring
Sediment Sample Location
Composite Sample
Composite + VOC Sample

SWMU Boundary
(Approximate)

Primary Burial Area
Debris Pile

H-251

200 Feet

Excavated Area (Pit)

o
®
o
&
*
ol
-
N
A
N

A—A

Road/Bunker

Tree Line

Stream

Topographic Contour

Hydrogeologic Cross
Section Location

G

=,

DRAWN BY

DATE

J. LAMEY 12/12/01

@ Tetra Tech NUS, Inc.

CONTRACT NUMBER
3859

OWNER NUMBER

4 CHECKED BY DATE
M. COCHRAN 2/08/02
COST/SCHEDULE-AREA
| 1 |

Note: All solls in the area of this SWMU are derived from Pennsylvanian Bedrock/Colluvium. SCALE

AS NOTED

SITE FEATURES AND SAMPLE LOCATION MAP
SWMU 1 - MUSTARD GAS BURIAL GROUND
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

APPROVED BY DATE

APPROVED BY DATE

DRAWING NO. FIGURE 1 RSV
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> " "FORM~CADB -NO: SBIV:BH.DWG: w~. REV 0. 1420/98: oo o

ACAD: 3959GX01.0WG  03/13/02 MF_PIT

| 01-27 I

| 01-15 I I 01-16 I

| 01-07 I

| 01SD03 I

APPROXIMATE
A BEDROCK SURFACE \ 662.27 ’
659.15
— T T T T"<_ _ LIMESTONE
SANDSTONE—INTERBEDDED
ILTSTON
640 | W/SILTSTONE & SHALE 221 640
W 636.64 636.74
25.6
—_— 31.6
s46  SHALE w/
)
iy 40.3 .
Let Lt
e o
o COAL SHALE -
<t x\: ——== =
5 == 7
2 s00— SANDSTONE /SILTSTONE 00 %
< <
L) LJ
b= =
L) [}
> >
S 3
< LEGEND: <
=z =z
1= — WELL OR_SOIL_BORING — - )
e 580 IDEN'I"TFIBCC;)\TI%N 01-27 580 >
> 659. 15 >
L L)
o GROUND SURFACE ELEVATION /—-4 o
GROUNDWATER %5\119?% 574,80y
UTHOLOGIC CONTACT (DASHED
560 —1 WHERE INFERRED) —3 L 560
TOP OF MONITORED .4
INTERVAL (FEET bgs) .-
0 100 200 /— 548.19
BOTTOM OF MONITORED HORIZONTAL SCALE IN FEET
INTERVAL (FEET bgs) 346 0 20 40
540 — TOTAL DEPTH (FEET bgs) o L 540
VERTICAL SCALE IN FEET
NO. DATE REVISIONS 8y | cHkD | APPD REFERENCES DRAWN BY - DATE CONTRACT NO.
DM__1/31/02 GENERALIZED HYDROGEOLOGIC 3959
CHECKED BY  DATE CROSS SECTION A—A' APPROVED BY DATE
SWMU1 — MUSTARD GAS BURIAL GROUND
COST/SCHED—AREA NSWC CRANE APPROVED BY DATE
- 1 1 1 -
B SCALE CRANF' INDIANA DRAWING NO. REV.
1. AS NOTED FIGURE 2 0
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ACAD: 3959GX02.dwg

03/13/02 MF _PRIT

B

| 01SB03 I

APPROXIMATE PRIMARY

B’

N I BURIAL AREA (PBA)
1
672.29
670 — ! ' — 670
[01—18] [Ticor] 01sB12] | 015B02] | 01-04 |
671.0 i 671.34
H I 669.05
663.96
658.24 o SILT
- m
060 — V J 70 T APPROXIMATE | 680
‘ (il:A_Y_// — 13:)0 9.5 —_—] BEDROCK SURFACE
o SANDSTONE 16.5 ¥ 651.98 _
> . J
5 SANDSTONE EJ
VW 645.01 —
< =y INTERBEDDED W/SHALE ’57 -
Y 40 | L 640 .0
Z: =z
™
l 23.6 31.0 N
W SANDSTONE =
> wl
8 k) g
< 30.5 Q
& 620 — L 620
= o
< =
g <
= be ]
wl
600 — 600 LEGEND:
G i
658. 24
GROUND SURFACE ELEVATION /-4
GROUNDWATER ELEVATION 645.01y
580 _ L 580 %3/17%1) -
LITHOLOGIC CONTACT (DASHED E
1 ‘ WHERE INFERRED) —
.TD |
140.0 !
] TOP OF MONITORE 14.3
0 100 200 j INTERVAL (FEET bgs
P e e —
HORIZONTAL SCALE IN FEET ) BOTTOM OF MONITORED
0 20 40 INTERVAL (FQEET bgs) 23.6
e A — D
VERTICAL SCALE IN FEET TOTAL DEPTH (FEET bgs) 3.5
NO. DATE REVISIONS BY | CHKD | APPD REFERENCES DRAWN BY DATE ‘ CONTRACT NO.
DM _1/31/02 GENERALIZED' HYDROGEOLOGIC 5959
CHECKED BY  DATE CROSS—SECTION BB’ APPROVED BY DATE
SWMU1 — MUSTARI? GAS BURIAL GROUND
COST/SCHED—AREA NSWE CRANE APPROVED BY DATE
i 1 | 1 -
- - L CRANE INDIANA TN —
e —— - AS NOTED | FIGURE 3 0
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ACAD: 3959GX03.dwg

03/13/02 MF _PIT

| 01-01 | 01SB15 |o1sB03| | 01-02 | | 01-10 |
I 01702 |
?
C s06.65 [o1sB01] [o1-06]
700 — ' — 700
_ APPROXIMATE PRIMARY | 01-09 |
68246  BURIAL AREA (PBA) 33_______1
SILT, SAND & CLAY 676.08 | !
680 — APPROXIMATE * ' 3 i L 680
672.29
BEDROCK SURFACE N\ _ — — — — — — — — — — — — — —_— ] . e
—— | :
4+ SANDSTONE SANDSTONE \ 663.56
L : ™ .
660— V¥ 656.32 12[.)0 7.0 &0 . — 660
— 8.2
SHALE — SOME SILTSTONE SEAMS SANDSTONE VesoZ
/— SHALE /LIMESTONE /COAL 3341 —17 ;
o 640 — =" 2.8 -—— - 640 -
g 60.0 w3352 SHALE Uy 5
4 H-—-—— SANDSTONE o 238 Y
; 70.0 r 48.0 S |(_,</(_)_j
_— SANDSTONE
620— SILTSTONE — 620
Z 2R COAL - z
< 4 T T T - v 51277 609.60 =
= 4 =
Y SHALE SANDSTONE { W
8 600 T — = — — . . 595.38 L 600 R
<C - <€
z SANDSTONE 17.4 LV 591.69 N -
S S
< SHALE ' <
N L . 26.8 >
i 580— 1% LEGEND: [ —580 &
[} ™ Ll
WE R -_ 2.0
H O ENTReATION 01-01 SANDSTONE I R -
SHALE /COAL
682. 46 _———t
560 GROUND SURFACE ELEVATION )-\ B — 560
GROUNDWATER %155\1/9?%«) 656. 32 SANDSTONE
UTHOLOGIC C\Sggé\gl;N D%%—é%[; - E |
540— ' L] — 540
TOP OF MONITORED 331
INTERVAL (FEET bgs) V 526.86
o 120 240 LIMESTONE ]
520— 75.0 L 520
Bﬂg%‘w%i '(‘,_S’ENE'IObRgES @8 HORIZONTAL SCALE IN FEET L
TOTAL DEPTH (FEET bgs) &5 0 30 50 _ 100 — ToyALE 84.4
e ey ——
VERTICAL SCALE iN FEET —— T e
] ~ LIMESTONE 4%, L
500 ‘ 500
NO. DATE REVISIONS 8Y CHKD APPD REFERENCES DRAWN BY DATE i CONTRACT NO.
DM_1/31/02 GENERALIZED HYDROGEOLOGIC 5959
CHECKED BY DATE CROSS SECTION c-c' APPROVED BYA DATE
SWMU1 — MUSTARD GAS BURIAL GROUND
COST/SCHED-AREA NSW(': CRANE APPROVED BY DATE
| B— L CRANE, INDIANA
SCALE f DRAWING NO. REV.
AS NOTED - FIGURE 4 0

'FORM CADD NO. SDIVZBHDWG -~ REV 0 - 1/20/98
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P:\GIS\INSWC_CRANE\SWMUO1.APR 1-9 GROUNDWATER ELEVATION CONTOURS MAP LAYOUT 2 3/13/02 AJ

WES-1-8-82

Z

.
- . -.-.....,.-.. e, i
lal.... . ..’6‘00 f 570 - -
Y 590
30 610
P
).
650 i > N
4 %W
g |
630 WES-1-18.83 ‘ 8 "
| §H
610 J D ' 66 o,
" : NS
LEGEND j =
[ 580 2 S
®  Existing Monitoring Well 5 ©
. Ground Water Elevation Contour (ft amsl) )&%
/. measured on September 14, 1983 e e g
(adapted from Dunbar, 1984)
[] Primary Burial Area
[] Approximate MGBG Boundary 550
@i Debris Pile , 69
s 9J0
/N/, Road BYen)
/\/ Stream o _ )
/\/ Treeline i ' = S -5 -
VAV Topographic Contour f?gr\_' 200 0 200 Feet
NO. DATE REVISIONS BY CHKD APPD REFERENCES m:v BY z;;: @ Tetra Tech NUS, Inc. CONTRA&L;{UMBER OWNERO:;‘L:MBER
CHECKED BY DATE APPROVED BY DATE
T. JOHNSTON 57101
T 1983 POTENTIOMETRIC SURFACE CONTOURMAP [ e —-
; : ” | MUSTARD GAS BURIAL GROUND
= NSWC CRANE, CRANE, INDIANA Ty =
AS NOTED FIGURE 5 0
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1410

£,

WES-1-24-83
1985: <5

WES-1-21-83
1985: 140 B
% WESTIE o, [TEEER,
2 1985: 6-10 WES-1-7-82 —
S} 1,1,2,2-TCA 5400
Z 1985: 6 13 Dichion on 4000 WES-1-6-82
WES-1-25-83 : LI L NO TOX DATA
1985: 100 - 250 No Date: Methyiene Chloride 3 .
WES-1-20-83 WES-1-8-82 '
1985: 20 1985: 20 WES-1-0-82
1 g -
WES1-13.83 985:_90_160
WES-1-22-83 WES-1-12-83 NO TOX DATA
1985: 340 1985: 710 - 1500 WES-1-10-82| | WES-1-2-81
1985:_5-7 | [1981: 120
WES-1-19-83 1982: 9000 - 140000
1985: 500 WES-1-14-83 1982: 1,1,2,2-TCA 600 PPM
' 1985: 160 - 330 1983: 17000
WES-1-15-83 1984: 7800
=% 1985: 600 - 1600
WEST 2585 we WEs 181
. 55 { :
1981: 100
WES-1-11-82 1es 3.5
1985:, 400 L 1983: 15
e T WES-1-17-83 Burial 1008 2
; 1985: 200 Area,

ek

WES-1C01-81 WES-1-5-81
NO TOX DATA 1981: 45
1982: 150 -
1983: 400 - 750
1985:
LEGEND
®  Existing Monitoring Well WES-1-3-83
i = \ 1981: 50
D Approximate MGBG Boundary 108> 1080
/.7 Debris Pile :gﬁg ;go
/\/ Road . /
/\ \/ Stream /
/\/ Treeline f
|
Note: Concentration units are ug/L unless shown otherwise. ‘ 200 Feet
DRAWN BY DATE - OWNER NUMBER
< R Tetra Tech NUS, Inc. ok iy
CHECKED BY
e MONITORING WELLS AND ASSOCIATED TOTAL ORGANIC HALOGEN (TOX) DATA (APPROXIMATE) a2 ‘ED‘"T JOHNSTON 01
J. SCHUBERT 7 1981 - 1986 2
COSTRGHEDU EAREA MUSTARD GAS BURIAL GROUND APPROVED BY DATE
| | 1 NAVAL SURFACE WARFARE CENTER = —
SCALE CRANE, INDIANA DRAWING NO. REV
AS NOTED FIGURE 6 0

PAGISINSWC_CRANE\SWMUO1 APR TOTAL ORGANIC HALOGEN DATA ST01 JAL
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P:\GISINSWC_CRANE\SWMUO1.APR TAGS - METALS 2 LAYOUT 2/14/02 AJ

EXPLOSIVE

MAGAZINES

015BOS (0 - 2.0) RSRES DC MIG DAFL AIR Eco wore [| o1ssor (0 - 2.0) RIRES DC MIG DAF1 AIR Eco vt || o1sBe3 (0 - 2.0) RSRES DC MIG DAFL AIR Eco urs || 015B02 (0 - 2.0} RIRES B MIG BAFL AIN:DGO OFC
3 Aluminua 13200 J
Aluminum 12300 J Alvainum 9§70 J Aluminom 13200 J Fim 1058 5 Shcas Be ot .
Arsenic 7.9 3 RSres Dc Daf1 Zco Arsenic 7.0 3 R9res Dc Dafl Eco Arsenic 10.3 J Rires Dc Dafl Eco bt 4 g.is & L el
Beryllivm 0.41 J Beryllium 0.50 J Beryllium 0.40 J C"Y . 168 ¥
coppar 13.9 7 Eco Copper 12.1 2 Eeo Copper 16.5 J Eco l:x" b4 hres L
Iren 20300 Iron 16300 1ren 25500 RSres 3 - 208 * sati ghe Be1
Seleniom  0.79 O Dafl Bco Selenium 0.62 J Daf1 Eco Selenium 1.2 J Dafl Bco Ul ; ;;‘“‘ s z“’ ‘l
= i Thalliem 1.8 Dafl gco otl || Thalliom 0.85 pafl Eco Utl Thallium 2.8 pafl Eco Ul z Ls d":"’ - 2“’ o
S Vanadium  28.9 Eco Vanadium  23.8 Eco vanadium  30.3 Eco z:"' - -
2ine 7.9 7 Eco zine 0.1 3 Ece zinc 48.3 7 Eco aitiis X9%.
015805 (2 - 6.0) 01SBOL (2 - 6.0) 018803 (2 - §.0) B §
| . Thallium 1.7 Dafl Eco oUtl || Thallium o0.84 Dafl Eco Utl Thallium 1.5 Dafl Beo ULl “;“2“' ca  Uel #~
= 015805 (6 - 8.5) 015301 (6 - 10) 015803 (6 - 10) it i
= Thallivm 1.1 Bedrack Bedrock LT i et Y
[ S = . = = 015806 (0 - 2.0) RIRES DC MIG DAFL AIR ECO UTL
% 01sB12 [0 - 2.0) RSRES DC MIG DAFl AIR ECO UTL (0 - 2.0) RIRES DC MIG DAF1 AIR ECO UTL Aluminum 13700 =
Aluminum 12700 & Aluminum 10100 J i:”'.“. i ;116:} 7 s B Wik Fa Arsenic 1.1 3 RSres Dc Dafl Eco
—_— Arsenic RSres Dc Dafl Eco Arsenic 7.2 J RSres D Darl Eco o 5 = Beryllium 0.96 vel
Beryliium vel Berylliom 0.47 J :::;‘l‘if“ :-“ ‘7‘7 R9res De Dafi Eco Copper 10.1 Eee
Coppar Eco 13.1 g Eco Copper 1.0 J zeo iren 18100
Izon 18300 e 23100 Adres Seleniua 0.69 Dafl Eco
Thallium Dafl EBeo w©tl 0.58 g Dafl Eco b Thalliva 1.4 Dafl Eco Utl
Venadium Eco 1.2 Daf1 zeo vel | IS fhallim 2.2 J Patl *ed. [WEL Vanadiua 31.3 Ece
Zinc Eco 24.5 zco 1 Vasadiua  32.2 Eco Tine 55.3 Eco
015812 (2 1.4 Eco M Zins 43.8 J Ece 01sBOS (2 - 6.0)
Thallium Eco ULl (2 - 6.0) 15884 (2 - §:0) Tin 2.4 el |
dianrd Thallium 1.7 J Dafl Eco Utl 015806 (6 - 10)
(6 1.5 Dafl Eco Ul
Barium Eco Utl (6 - 10) = SL5Res (8 =1M 25 _Datsctions
=~ Berylliva o1 =~ Thalliom 2.7 Dafl Eco utl | =
g;*‘*‘t“ - :‘“ :’lti et =re) 015808 (0 - 2.0) RSRES DC MIG DAFL AIR ECO OUTL
romium Da co t i
Coppar Eco  Utl 7 9 018810 (0 - 2,0) RSRES DC MIG DAF1 AIR ECO UTL :i::;‘;“:‘ .‘,f:" #3EEE DE e §65 o=
Nickel Dafl uel Aluminum 19400 Bezyliten 0.4F 9
ra Thallium Dafl Eco Utl Arsenic 8.3 3 Rires Dc Dafl Eco Copper 12.1 Eco
/ 2ine Eco  Utl Beryllium 0.21 Toen 18500 5
‘ Copper 18.5 Beo Utl 1) | coieaton 0.49 I pafl Eeo =
01s817 (0 - 2.0) RYRES DC MIG DAF1 AIR ECO UTL ;r-;n . :'IUU Rires - = o | \| Thalitm  0.87 3 Dafl Eco Utl ~
Aluminum 15300 J L : £ Tin 3.9 vel .
Arsenic 10.8 J Rires Dec pafi Eco 01SB13 (0 - 2.0) RIAES DC MIG DAF1 AIR ECO UTL Tin 2.6 gL Vanadium 30.7 J Eco E
Beryllivm 1.0 J oel Aluminum 12700 J Vanadium 4.5 Reo zine s1.1 Eeo
Copper 12.6 7 Eco Azsealc 7.1 J R9res be paf1 Eco ;;ngm i ‘7&!q, Beo Utl dlasib (k= 4.6
Iren 24600 BSres Beryllium 0.79 J s = 8 Thallium 1.1 J pafl Bes Uel
Thallism 2.5 J Dafl Eco Utl 8.7 Beo Tin 2.8 vel Tin 3.4 uel —
vanadium  36.2 Eco 16300 simip (s = x0) 015808 (6 - 10)
tinc 4.9 J Eco 1.4 7 Dafi Bco Ul Bedzock Berylliom 1.§ J Eco Utl
015817 (2 - 6.0) 26.9 Eco Chromium  15.0 bafl Eco Utl
Thallium 1.0 9 Dafl Eeo Otl 41.7 4 Eco Cobalt 16.8 J Beo Utl
01SB17 (6 - 5.7) - 6.0) Copper 23:3 a Beo UEl
8.75 Dafl Eco Utl 1.8 3 Dafl Eco Utl 0 - 2.0) RSRES DC MIG DAF1 AIR ECO UTL xr:: 71500 Rires utl
i - 10 12200 Manganese 329 ucl
oissle (0 - RSRES DC MIG DAF1 AIR ECO UTL ‘f 0.86 _E:ll Eco Utl 8.3 RSres Dc Dafl Eco Mergury 0.03 ucl
Aluminum L 1 Baryllium 0.72 J Nickel 24.9 Dafl Eco Utl
Arsenic RSras Dc parl Eco h¥ Copper 12.6 J Eco Selenium 1.3 J Pafl Beco Utl
_——— Beryllium v Iren 19900 Thallium 5.3 J RSres Mig Dafl Eco U©tl b
Copper Eco ARY Thalliuwm 1.6 Dafl Eco Utl Tin 4.0 uel
Iron R RINES DC W26 DAYL AIR BeO eH > ) s e Tin 3.1 uel Vanadiom 15.9 J Bco Utl h
Thallium Dafl Eco Utl Vansdium  28.1 Eco zinc 123 Eco ULl
Vasadium Eco hrdsalc Mrds Do afl Jeo Zine 425 2co —
e Gl Eco T N 2 &) 018816 (2 - 6.0) 015807 (0 - 2.0) RSRES DC MIG DAF1 AIR ECO UTL
3 ( Thalliwm 2.2 baf1 Beo Ul Aluminum 15900
Thallium 1 Dari Eco Utl ey e e i Tin 2.9 uel Arsenic 8.8 4 Rres pe Daf1 Eco
015818 (6 - 8.0) ria 5 1 01SB16 (6 - 10) Beryllium 0.30
Thallium 0.53 Dafi Eco Utl v*n“l . Ut Auminum 5760 el topper 15.9 poe
i e Arsenic 7.8 Réres Dc bati Eeo ULl T55n 24d00 Sl
o1sm14 (0 - 2.0) RMMES OC WIS DAF) A 3C0 OTL 01SB11 (0 - 2.0) RSRES DC MIG DAFL AIR ECO ury | Barium 34.1 Koo' Dl Selenium 1.3 Dafl Eeo Utl
01sB15 (2
Aluminus 16200 J i R i tco vtt | Atuminos 13600 o Cadmium  0.5% J Dafl Bco Utl Sin 57y 4y
Arsenic :3 J, Rires De Dafl Eco $is o1 [Qb] azsensc 6.0 R9zes De Daf1 o Chromium 9.8 Dafl ::o g:} Vanadium  37.5 Eco A
g;rvillu- gi 5 7 & S14815 {5 [\ 2errition .08 g f“”" ;isocJ ¥ 021 Edse £ ]
Teen 23300 asres = Thallica Dafl  Eco Utl gowpes 19 Beo et TR cco uty |—] 015807 (2 - 5.0) 3 <
Thallium 2.6 J paty Eco ULl Jiz I3 I e MM — _— thalliue 1.4 — Eeo Utl =] No Detections
Vanadium  31.7 Eco T;a;;.‘i.:n A <y Eeo uel | vanadium  16.1 Eco Ut 015807 (6 - 10)
2ine 49.8 7 Eco 015819 (0 - 2.0) RIRES DC MIG DAF1 AIR ECO UTL Tin ) el Bedrock
01sB14 (2 - 6.0) Aluminum 12400 J 3 3% 5 i
Shalidus 1:3 & Dagi Bes uUt1 Azsanic 1.9 3 Rres Do Daf1 Beo Hhame 2 te [_1405 ]
018314 (6 - 8.0) Beryllism 0.38 J pisR1y (2 - 6.0)
K TIRE M T Dafl_Bco Ol ] |(opeer 207 Keo Thallium 2.1 Dafi  Eeo wutl
Tin 3.3 uel
015820 (0 - 2.0) RIRES DC MIG DAF1 AIR ECO UTL Thallim 2.7 J barl Eco OUtl 01s811 (6 - 10)
Alumisum 13800 Senbdton 39:4 x99 Thalliva 1.4 J Daf1 Eeo Ul
Arsenic 7.5 RIres De Dafl Eco 3ine 3.3 J Eco Tin 2.3 ueL
Beryllicam 0.78 J g:sﬁ’ @ 5 :-Ul —
Coppar 10.9 J Eco allioe . J Dafl Eco Utl
e 18008 015319 (6 - 8.0) CONSERVATION DAM
Selanium 0.49 pafl Eco Arsenic 20.2 3 Rires Dc Dafl Eco Utl
Thallium 1.6 Dafl Eco Utl Cadaium e.20 Eco Utl
Tin 3.4 uel Copper 6.5 7 Eco Utl
Vanadium  28.6 seo Thallivm 0.94 Daf1 Eco  Utl
Zine 45.3 Eeo 1406 -
015820 (2 - 6.0) GROUP “PP*
Thallium 2.1 Dafl Eco Utl ,?
Tin 3.3 Uel xr
015820 (6 - 8.0)
Thallium 2.6 bafl Eco Ut
Tin 3.2 Uel
300 0 300 600 Feet
[— 5
DRAWN BY DATE I CONTRACT NUMBER OWNER NUMBER
A JANOCHA 1131102 Tetra Tech NUS, Inc. 3959 i
SOIL ORGANICS CHECKED BY DATE POSITIVE METAL DETECTIONS, ma/k APPROVED BY DATE
RI9RES = EPA Region 9 Residential Preliminary Remediation Goal. T. JOHNSTON 2111102 0 d g" 9, o .
DC IDEM Tier 1 Direct Contact Valves. - GREATER THAN BACKGROUND IN SOIL SAMPLES
i : : APPROVED BY DATE
MIG = IDEM Tier 1 Migration to Groundwater Values. COST/SCHEDULE-AREA SWMU 1 - MUSTARD GAS BURIAL GROUND
DAF1 = U.S. EPA SSL Migration to Groundwater DAF of 1. | | | . o
AIR = U.S. EPA Generic SSL Inhalation Screening Lavel. NAVAL SURFACE WARFARE CENTER SRAARG NG
{ SCALE RA g REV
ECO = EPA Region 5 Ecological Data Quality Level. AS NOTED CRANE, INDIANA FIGURE 7 1

030208/P

29

CTO 0158




P:\GIS\INSWC_CRANE\SWMUO1.APR TAGS - RADIONUCLIDES 3 LAYOUT 2/10/02 AJ

[01SB02 No Exceedances]

01sBO4 (0 - 2.0)
01SB03 _No Exceedances | RADIONUCLIDES (PCI/G) SsL
Thorium-230 0.621 J
015B01 No Exceedances N 01SB04 (2 - 6.0)
Thorium-230 0.485 J
01SB09 No Exceedances N 018B04 (6 - 10)
Thorium-230 0.520 J
01SB05 No Exceedances
¥ “‘ ( [01SB0O6 No Exceedances | |
£2) [ .
. [913310 No Exceedances t | —
01SB11 (0 - 2.0) '
RADIONUCLIDES (PCI/G) SSL |
01SB12 (0 - 2.0) Thorium-230 0.473 J
RADIONUCLIDES (PCI/G) SSL \ ] 01SB11 (2 - 6.0)
Thorium-230 0.474 J \ Thorium-230 0.434 J
] 409 \ 01SB11 (6 - 10)
\_\/ " Thorium-230 0.637 J
~ 01sBO8 (0 - 2.0)
RADIONUCLIDES (PCI/G) SSL
Thorium-230 0.385 J
01sB08 (2 - 6.0)
[01sB17 No Exceedances jm= RADIONUCLIDES (PCI/G) SSL
Thorium-230 0.334 g
01sB08 (6 - 10)
01SB13 (2 = 6.0) Thorium-230 0.385 J
RADIONUCLIDES (BCI/G) SSL 015807 No Exceedances]
Thorium-230 0.421 J
01sB13 (6 - 10)
Thorium-230 0.284 J 015B16 (0 - 2.0) :
T RADIONUCLIDES (BCI/G) SSL \
. 7 Thorium=230 0.475 \
[01SB18 No Exceedances] 70) 01SB16 (2 - 6.0) \
Thorium-230 0.438
™S 015B16 (6 - 10)
Thorium-230 0.349
01sB14 (6 - 8.0)
RADIONUCLIDES (PCI/G) SSL 015820 (0 - 2.0)
Thorium-230 0.257 J RADIONUCLIDES (PCI/G) SSL
f T sy T4 Thorium-230 0.578
01sB15 (0 - 2.0)
RADIONUCLIDES (PCI/G) SSL
Thorium-230 0.562 J
01SB15 (2 - 6.0) 01SB19 No Exceedances |
Thorium=230 0.539 J [015821 Soil BackgroundJ
01SB15 (6 -= 10)
- ) - Thorium-230 0.474 J

H251

P e N — 200 0 200 400 Feet
DRAWN BY DATE CONTRACT NUMBER OWNER NUMBER
A JANGCHA p— Tetra Tech NUS, Inc. 3959 -
APPROVED BY
i"fg:i:;ﬁ ;’;‘;Em THORIUM ISOTOPES DETECTED DATE
: IN SOIL SAMPLES = =
ECSTAROHEDULE AREA SWMU 1 - MUSTARD GAS BURIAL GROUND AR DATE
S01L RADIONUGLIDRS ot NAVAL SURFACE WARFARE CENTER T = —
EPA Soil Screening Level. SCALE i
AS NOTED CRANE, INDIANA FIGURE 8 .
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PAGIS\NSWC_CRANE\SWMUO1.APR TAGS - SOIL ORGANICS 3 LAYOUT 2/0502 AJ

Z

EXPLOSIVE
r MAGAZINES
Oisagy - 2.0 RIRES DC MIG DAF1 AIR ECO n
015309 0 - 2.0) R9RES DC MIG DAFI AIR ECO PESTICIDES/BCE'S (UG/KG) “ﬂ”:u o = 2.0} RSRES DT MIG DAF1 AIR ECO
SEMIVOIATILE ORGANICS (UG/KG) Heptachlior 1.4 7 ;‘; = ORGANICS: (US/XG) 5
fasto aipyrens. 1.9 3 015301 (2 = §.0) Mathylons Enloride 0 oJ Mig Dafl
39,8, 1] piiyiane Lt g PESTICIDES/ECB'S (UG/KG) SEMIVOLATILE ORGANICS (UG/XG) .5
{2-ethylhexyl)phthalate 420 Heptacnler 1.4 3
Fluoranthene 3.98 3 015301 (6 - 10) Acenaphithane 19.0
Indena (1,2,3-cd) pyrane .55 3 Bedzock he
PESTICIDES/PCB'S (UG/KG) X
Heptachlor 1.4 9 015803 0 - 2.0) RIRES DC MIG DAF1 AIR ECO
( 015308 (2 - 6.0 PESTICIDES/PCB'S (UG/KG) o || ORERRE i bestd 21 T
VOLATILE ORGANICS (UG/KG) Heptachlor 1.3 7 asayrens exias ¥ 4 De
1,1,2,2-tetrachloroathane 2 3 Dafl HERSICTDES (UG/KG) :’-’“:"":::"B‘E ORGANICS (UG/XG) 35
Shicsotam LI 2,4-d s g L !‘B:;'!:gln!;l:t!'s (UG/RG) 2
{ o = SEMIVOLATILE ORGANICS (UG/KG) 01s803 {2 - €.0) Heptachl, 1
[ 01TPS (1-1.5 RI9RES DC MIG DAFI AIR ECO :“}:z;';'h’““'”"h“'“" f:“g ] SEMIVOLATILE ORGANICS (UG/XG) E:gn;: = (6 - 10) % &
SEMIVOLATILE ORGANICS (UG/RG) laphthalene ; . B Maphthalene 8.52 7
tiie TR PESTICIDES/PCB'S (UG/KG) . PESTICIDES/PCB'S (UG/KG) :‘éz:;:‘ oReAICS (ve/ER) § 3
Septachior Ly 2 Heptachlor 2 g Methylens Chlsride “% 7 Mig Dafl
i 015808 6 - 10) 015203 {6 - 10) L LSt
oL aL1TPL (L - 1.5) RSRES DC MIG DAF1 AIR ECO Bedrock .‘ SEMIVOLATILE ORGANICS (UG/KEG)
g AN - SEMIVOLATILE ORGANICS (UG/XG) —— } Bedzock Acenaphthene 4.34 J
Benzo(a)pyrene 5.85
::::,t:?np.,yh“ 8.3 g 015305 0 - 2.0) RSRES DC MIG DAF1 AIR ECO 015302 (0 - 2.0) RYRES DC MIG DAF1 AIR ECO
nzo (k) fluoranthene 14.1 SEMIVOLATILE ORGANICS (UG/KG) PESTICIDES/PCB'S (UG/KG) o1ss08 0-2.0) RSRES DC MIG DAF! AIR ECO
Dibanic(a,h)anthracais 5.7 Acenaphthens 15.9 Heptachlor 1.2 3 PESTICIDES/PC3'S (UG/KG)
E R —— Fluoranthene 4.3% 1sesafrole 46000 HERBICIDES (UG/KG) Beptachlor 1.8
Indeno(1,2,3-cd)pyrens 4.52 PESTICIDES/PCB'S (UG/KG) J 2,4-d 7 Eco o1ssoe (2 - 6.0)
f PR g3 3 Heptachlor 1.4 7 015802 (2 - 6.0) VOLATILE ORGANICS (UG/XE)
. ¥ 015305 2 - 6.0) 1 SEMIVOLATILE ORGANICS (UG/KG) Mathylene Chloride 21 7 Dafl
PESTICIDES/ECB'S (UG/KG) ) Naphthalene 8.85 J ENERGETICS (UG/KS)
o1sei2 0 - 2.0) RIRES DC MIG DAFL AIR ECO Heptachlor 0.%6 U H y PESTICIDES/PCB'S (UG/KG) HMX 70.6 J
PESTICIDES/PCB'S (UG/RG) 015B0S (6 - 8.5) I~ Heptachlor 1.2 PESTICIDES/PCB'S (UG/KG)
Gamma-chlordane 0.62 J SEMIVOLATILE ORGANICS (UG/KG) ™ 015802 (6 - 9.5) Haptachlor 1.6 &
018812 2 = 6.0) 2- hexyl)phthalate 110 _J No_Detecticns 015808 (6 = 10)
VOLATILE ORGANICS (UG/XG) VOLATILE ORGANICS (UG/KG)
Acatons b 018804 (0 - 2.0) RIRES DC MIG DAF1 AIR ECO hylens Chlorida 16 _J Dafl
Methylene Chloride 15 7 Daf1 1 SEMIVOLATILE ORGANICS (UG/XG)
PESTICIDES/PCB'S (UG/KG) Pyzene 14.6 7 = o N
C Gamma-chlordane 0.82 J F PESTICIDES/BCB'S (UG/XG) e
o1s812 (& - 10) Gamma-chlordane 0.55 7 =
[ VOLATILE ORGANICS (UG/XG) 015304 (2 - 6.0) =
J Methylene Chloride 13 3 Dafl VOLATILE ORGANICS (UG/XG) 015807 (0 - 2.0) RSRES DC MIG DAF1 AIR EBCO
Methylens Chloride 3 g Dafl :OI:TILB CORGANICS (UG/XG) 130 4
F cetone
o1sa13 o - 2.0) RIRES DC MIG DAFL AIR ECO 3 > T 813094 18- 10 Methylene Chloride a3 uig Daf:
VOLATILE ORGANICS (UG/KG) o Detactions 015807 2 - 5.0) ¥
2-butancne 1 g oiss17 o =-2.0 RIRES DC MIG DAF1 AIR BCO VOLAT 108 3 <
Methylane Chloride s Dafl VOLATILE ORGANICS (UG/KG) Ag.‘nr!‘:j: SRRy 29 J -
Tolueas 2 3 Carben Disulfide 6 & 3 Mig Dafi ~
PESTICIDES/PCB'S (UG/XG) Methylene Chloride u g Daf1 i el s o W £ o
Gamma-chlordane 0.89 J SEMIVOLATILE ORGANICS (UG/RG) Heptachior 1.5 g
HERBICIDES (UG/KG) 7,12-dinethylbenz (a) anthracene 260 J 015807 6 - 10) —
2,4-d 130 2co PESTICIDES/PCB'S (UG/KG) Radzodk
015313 2 - 6.0) Gamma-chlordane i1 3 \ Zecfock
VOLATILE ORGANICS (UG/EG) HERBICIDES (UG/KG) I l -
Acetone 3% 2,4-4 210 Eeco 5 = = 018810 0 - 2.0) RIRES DC MIG DAF1 AIR ECO
Mathylene Chloride 10 Dafl 01sa1? 2 - 6.0) VOLATILE CRGANICS (UG/KG)
PESTICIDES/PCE'S (UG/XG) VOLATILE ORGANICS (UG/XG) Methylene Chloride 13 7 Dafl
Gamma-chlordane 2.6 3 Acetons 1 PESTICIDES/BCB'S (UG/KG)
c15813 (6 - 10) Methylene Chloride LA § Dafl Heptachlor 1.6
VOLATILE ORGANICS (UG/KG) PESTICIDES/PC2'S (UG/XG) o1saio {2 - 6.0)
Acetone 17 Ga -chlordane 0.65 J VOLATILE ORGANICS (UG/EG)
Methylens Chloride 5 a Dafl 015817 (6§ - 3.7 b Methylene Chleride 50 g Mig Dafl
—_— == VOLATILE ORGANICS (UG/KEG) 9) PESTICIDES/PCR'S (UG/XG)
= Acatone 14 Heptachler 0.94 J
0isBlg o - 2.9) RIRES DC MIG DAF1 AIR ECO =
POLATILE CRAINICE ) (DG/RE) Math ca‘xund-: 4 a pafi . / :1::”); 6 - 10)
Acetone 180 = = * / e
Methylene Chloride 13 7 Dafl [
SEMIVOLATILE ORGANICS (UG/KG) 0185814 (0 - 2.0) RYRES DC MIG DAF1 AIR ECO Ny 01SB11 (0 - 2.0) RIRES DG WIG DAF1 AIR 3CO
Bis(2-ethylhexyl)phthalate 83 J VOLATILE ORGANICS (UG/KG) SEMIVOLATILE ORGANICS (UG/KG)
Isosafrola 410 Methylens Chloride 47 Mig Dafl Bis(2-ethylhexyl)phthalate 88 g
PESTICIDES/PCB'S (UG/KG) PESTICIDES/PCB'S (UG/KC) lsosatroie = _ 2700
Gamma-chlordane 0.711 J Gamma-chlordane 0.9 J PESTICIDES/PCB'S (UG/KG)
HERBICIDES (UG/XG) 015814 2 - 6.0) | Heptachlor 1.3 7
2,454 6 J Eco VOLATILE ORGANICS (UG/ES) EERBICIDES (UG/KG)
o01ss18 2 - 6.0) Methylens Chloride 5 3 Dafl 7. 2,4,5-T¢ (SILVEX) 15 7 o
VOLATILE ORGANICS (UG/KES) SEMIVOLATILE ORGANICS (UG/XG) PaYas 01s811 (2 - 6.0)
Acetone 26 Acenaphthene 14.2 :ﬁ:T;u ﬂféﬁ:‘"‘;: (uG/xe) i ¢ #is paii = =
Mathylens Chloride LA Dafl PESTICIDES/PCB'S (UG/KE) o erhylsne PELOS =
PESTICIDES/PCB'S (UG/KG) || camma-chiordane 0.64 g 3;:::2“ QRGANIOS ?ucl:&?‘ RIERS D MIG GAFL AIR BO0 feee——— PESTICIDES/PCB'S (UG/KE)
Gamma-chlordane 0.58 7 015814 (6 - 8.0) Aisioad 3t Heptachlor 1.5 7
015818 6 - 8.0) VOLATILE ORGANICS (UG/KG) Methyleas Chloride 5 3 Dafi o1sa11 is = 10)
VOLATILE ORGANICS (UG/KG) Msthylens Chlorids 41 Mig Dafi SEMIVOLATILE ORGANICS (UG/KG) YUIATILE SREMGICYE (VSIRD)
Rettong a2 1sesafrole 400 I S et s ?‘ii
Chlori Sl Dafl | PESTICIDES/PCB'S (UG/KG) L
Heptachlor 2.4 - 0
oise1S w-=- 2.0 RIRES DC MIG DAF1 AIR ECO 01sB19 e - 2.0 RIRES DC MIG DAF1 AIR ECO -f. 015320 {2 - 6.0) 3;3;27—‘ OFGWICS(?UG/L:'?: RIRES DC_ WIS DAR1AIR EO
PESTICIDES/PCB'S (UG/KG) VOLATILE ORGANICS (UG/EG) VOLATILE ORGANICS (UG/KG) Methylene Chloride 2 g Dafl
Heptachlor 2 Acetone 90 Methylene Chloride 12 g Dafl PESTICIDES/PCE'S (UG/KG)
HERBICIDES (UG/EG) Methylene Chloride 7 Dafl PESTICIDES/PCB'S (UG/KG) Heptachlor 1.4 3
2,4,5-TP (SILVEX) 5.9 J PESTICIDES/PCB'S (UG/KG) Heptachlor 1.4 3 015316 (2 - 6.0)
015315 (2 - 6.0) Gamma-chlordane 0.81 J 015820 (6 - 8.0) ATION D vorarire omsanics (ue/Ee)
VOLATILE ORGANICS (UG/XG) 018819 12 - 6.0) VOLATILE ORGANICS (UG/KG) Methylana ;:51““. 13 3 Dafl
Methylene Chloride 14 3 Dafl VOLATILE ORGANICS (UG/XG) Methylene Chloride 9 g Dafl nsr¥cln=slrcn's (UG/XG)
PESTICIDES/PCB'S (UG/RG) Acetone 20 SEMIVOLATILE ORGANICS (UG/KG) Sinss-ihiavdine 3 3
Heptachler 2 3 Msthylene Chloride 79 Dafl Anthracens 1.5 Heptacaler 1.9
015815 (6 - 10) 015818 § - 8.0) Benzo(2) anthracene 153 J Dafl 018816 (6 - 10)
VOLATILE ORGANICS (UG/KG) VOLATILE ORGANICS (UG/EG) Benzo(2) pyrens 181 J Rdres VOLATILE ORGANICS (UG/KG)
Mathylens Chloride 16 J Dafl Acetonas 31 Benzo(b) flucranthens s g pafl Nethylens Chloride 1 7 Dafl
Mathylens Chloride s J Dafl Senzolg.h, i)perylene 160 J SEMIVOLATILE ORGANICS (UG/KG)
;’;::::::h.m ;2: J Bis(2-sthylhexyl)phthalate 37 3
3
Fluorane 22.3
Indenc (1,2, 3-cd)pyzene §8.1
Phenanthrena 218 g
Eyren 08 g 300 0 300 600 Feet
s ™ e 1
DRAWN BY DATE Us. 1 CONTRACT NUMBER OWNER NUMBER
A. JANOCHA 1/18/02 Tetra Tech NUS, Inc. 3859 2
SOIL ORGANICS CHECKED BY DATE APPRQOVED BY DATE
RO9RES = EPA Region 9 Residential Preliminary Remediation Goal. T. JOHNSTON 211002 POSITIVE DETECTlONS OF ORGANIC
DC = IDEM Tier 1 Direct Contact Valves. . COMPOUNDS IN SOIL SAMPLES
MIG = IDEM Tier 1 Migration to Groundwater Values. COST/SCHEDULE-AREA SWMU 1 - MUSTARD GAS BURIAL GROUND APPROVED BY DATE
DAF1 = U.S. EPA SSL Migration to Groundwater DAF of 1. 1 1 | -
AIR = U.S. EPA Generic SSL Inhalation Screening Level. NAVAL SURFACE WARFARE CENTER DRAWING NO REV
ECO = EPA Region 5 Ecological Data Quality Level. SCALE :
¥ g aQ y AS NOTED CRANE, INDIANA FIGURE 9 1
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PAGIS\NSWC_CRANE\SWMUO1.APR TAGS - SEDIMENT 3 LAYOUT 1/30/02 AJ

015002

VOLATILE ORGANICS (ug/kg)
Dichloredifluoromethane
ENERGETICS (ug/kg)

EMX

PESTICIDES/PCB'S (ug/kg)
Heptachlez
HERBICIDES (ug/kg)
2,4,5-tp (silvex)
INORGANICS (mg/kg)
Aluminun

Antimony

Arsenic

Barium

Beryllium

Calcium

Chromium

Cobalt

Copper

Iren

Lead

Magnesium
Manganese

Nickel

Potassium
Selenium

Sodium

Strontium
Thallium
Thorium-cale

Tin

RADIONUCLIDES (pCi/g)
Therium-228
Thorium-230
Thorium=-232

RSRES DC MIG DAFL AIR ECO BACK

54.2 3

.7
12
8730
2.0 3 Darf1 Back
31.1 R9res Dec Mig Dafl Eeo
92.4 Dafl
137 & Back
189
45.1 Dafl Back
28.8 Back
19.4 T Eco Back
16500 R3res Back
32.0 Eco Back
1060
1640 Back
35.9 pafl Eco
703 I
1.2 Dafl Back
us g Back
8.1 g
7.1 R9res  Mig Dafl Back
9.3 Back
3.4
45.8 Back
78.0
1.15 Back
1.4 3
0_s17

015003 RIRES DC MIG DAF1 AIR ECO BACK
SEMIVOLATILE ORGANICS (ug/kg)

Benzo(a) pyrene 7.05 J

Benzo (k) flusranthene 8.96 J

Fluoranthene 4.93 7

ENERGETICS (ug/kg)

EMX 134 J

PESTICIDES/BCB'S (ug/kg.

Eeptachlor 1.2 J

INORGANICS (mg/kg)

Aluminum 9270

Arsenic 4.4 R9res Dc pafl

Barium 120 pafl Back
Beryllium 0.80 J

Calcium 2630 Back
Chromium 5.4 Dafl

Cobalt 15.3

Coppar 0.1 J

Iren 12500

Lead 16.1

Magnesium 1200

Manganese 1250

Nickel 13.7 Dafl

Potassium 623 J

Sodium 335 Back
Strontium 1.2 g Back
Thorium-calc 7.54

Tin 3.1

Vanadium 18.9

Zinc 41.2

RADIONUCLIDES (pCi/g)

Thorium-228 0.888

Thorium-230 0.791

Thorium-232 0.751

015007 RIRES DC MIG DAF1 AIR ECO BACK
SEMIVOLATILE ORGANICS (ug/kg

Acenaphthene 139 g

Benzo(a)anthracene 14.4

Benzo (a)pyrene 27.5 g

Benzo (b) fluoranthene 120 g

Benzo (g, h, i)perylene 21.8 g

Benzo (k) fluoranthene 14.8 J

Chrysene 17.3 a

Fluoranthene 18.4 &

INDENO (1,2, 3-CD) PYRENE 12.8

Pyrene 24 3

PESTICIDES/BCB'S (ug/kg

Aroclor-1260 19 J

Eeptachlor 1.1 4d

HERBICIDES (ug/kg

2,4,5-tp (silvex) 3.1 9

INORGANICS (mg/kg

Aluminum 11700 Back
Arsenic 8.1 RIres De Dafl Eco
Barium 94.6 Dafl

Beryllium 0.57 J

Calcium 3020 Back
Chromium 13.7 Dafl

Cobalt 12.2

Copper 16.1 co

Iren 19300

Lead 16.5

Magnesium 1820 Back
Manganese 607

Nickel 11.9 Dafl

Potassium 583 g

Selenium 0.59 Dafl

Sodium 311 Back
Strontium 8.7 J

Thallium 2.0 Dafl
Thorium-calc 6.52

Tin 3.0

Vanadium 27.0

2ine 45.1

RADIONUCLIDES (pCi/g)

Thorium-228 0.694

Thorium-230 0.937 J

Thorimm-232 0.742

RIRES =
DC =
MIG =
DAFl =
AIR

ECO =

SOIL ORGANICS

EPA Region 9 Residential Preliminary Remediation Goal.
IDEM Tier 1 Direct Contact Valves.

IDEM Tier 1 Migration to Groundwater Values.

U.S. EPA SSL Migration to Groundwater DAF of 1.

U.S. EPA Generic SSL Inhalation Screening Level.

EPA Region 5 Ecological Data Quality Level.

015p08 RSRES DC MIG DAFL AIR ECO BACK
VOLATILE ORGANICS (ug/kg

Dichlorodiflucromethane 2

SEMIVOLATILE ORGANICS (ug/kg)

Benzo(a) pyrene §.73 J

Benzo(b) fluoranthens 22.5 J

Benzo (k) fluoranthens 6.26 J

Bis(2-ethylhexyl)phthalate 98 J

Flucranthene 7.83 g

Pyrene 5.31 J

INORGANICS (mg/kg)

Aluminum 13700 Back
Arsenic 6.7 RSres Dc Dafl Eco
Barium 80.7

Caleium 5520 Back
Chromium 17.4 Dafl

Cobalt 7.4

Copper 4.6 J

Iron 21700

Lead 28.2 Back
Magnesium 1540 Back
Manganese 341

Nickel 13.9 pafl

Potassium 815 J Back
Selenium 1.0 Dafl Back
Sodium 402 Back
Strontiom 4.5 3 Back
Thallium 1.5 Pafi

Thorium-cale 2.31

Tin 3.7 Back
Vanadium .5

iinc 70.2

RADIONUCLIDES (pCi/g)

Thorium-228 0.781

Thorium-230 1.05 &

Thorium-232 0.828

Z

01sD03 RIRES DC MIG DAFL AIR ECO BACK
VOLATILE ORGANICS (ug/kg)
1,1,2,2-tetrachloroethane 7 Daf1
Dichloredifluoromethane
SEMIVOLATILE ORGANICS (ug/kg)
Benzo(b) fluoranthene 9.95 J
ENERGETICS (ug/kg)
amx 422 3
INORGANICS (mg/kg)
Aluminum 6770
Arsenic 27.3 Reres be Daf1 Eco -
Barium 47.4
Baryllium 0.65 J
Calelum a1 01sD0d RIRES DC MIG DAFL AIR ECO BACK
g:::::un ;550 Dafi ENERGETICS (va/kg
- % |
Copper 16:9. & Beo gg;rxcxbzslstﬁ‘s (ug/kg) ¥ i
Iren i Kirus Heptachlox 4 3
Mognestum 10i0 SERBLCIS {22/ka)
2,4,5-t 4.6 3
:::z::t=' izﬁ’ —_ INORGANICS (mg/kg)
4 23 - Alumiaum 470
Fotassium 1100 7 Back isseats 5.5 29res De pafl gco
e ma o omg ||
Berylli 0.84 7
?:rii:iuu 106 7 e Back it e 1690 Back
a um . afl 13.5 Dafl
Thoziom-cale 124 Back g:;::i"' 178 =
a . Copper 11.0 J
z:niéluﬂ ig-; Iron 20000
nc 5 4 19.1
RADIONUCLIDES (pCi/g) 1030
Thorium-228 1.49 Back Manganese 1230
Thorium-230 1.26 3 Back Nickel 15.§ Dafl
Thorium=-232 1.25 Back Potassium 604 T
Selenium 0.66 Daf1
Sodium 334 Back
Strontiom 5.6 g
Thallium 1.2 Dafl
Thorium-calc 7.7
Tin 3.4
Vanadium 20.5
2ine 2.5
RADIONUCLIDES (pCi/g)
Thorium-228 1.08 Back
Thorium-230 0.832 J
Thorium-232 0,624
01SD01 UPSTREAM SAMPLE RIRES DC MIG DAF1 AIR ECO
PESTICIDES/PCE'S (ug/kg
Heptachlor 5
BERBICIDES (ug/kg)
2,4,5-tp (silvex) 16
INORGANICS (mg/kg)
Aluminum 9670
Arsenic 31.9 Rres Dc Mig Dafl
Antimony 2:2 ¢ Dafl
Barium 105 Dafl
Beryllium 1.4 3 Dafi
Calcium 1000
Chromium 30.5 Dafl
Cobalt 25.0
01sD06 RIRES DC MIG DAF1 AIR ECO BACK Copper :;TSQ ¢ RSres
VOLATILE ORGANICS (ug/kg) 24.8
Acetone 2 1520
SEMIVOLATILE ORGANICS (ug/kg) 1450
Benzo(a)pyrene 4.97 J t 37.1 pafl
Benzo (b) flucranthene 7.9 3 Pitidaiia 815 g
i e S
Sodium 265
;f:ﬁ:i;?i:lyﬂg's {ug/kq) s strontium 10.2 J
HERBICIDES (ug/kg) i = ::::}i::;.;c ;:gu b B
2,4,5-tp (silvex) i g 2in E
INORGANICS (mg/kg) Vanadium 2.5
Aluminum 8150 S 382
hesmeic B mmee mn | Sl eom
o, = Thorium-228 0.937
2::::i;"" g~3: j Sadic Thorium-230 1.20 3
Calcium 1360 Back Ihorimm 232 EEH
Chromium 10.2 Dafl
Cobalt 17.5
Copper 3.5 3
12300
26.7 Back
1050
Manganese 1330
Mickel 11.3 Dafi
Potassium 487 g
Selenium 0.45 bafl
Sodium 238 Back
Strontium 8.2 g
Thallium 0.57 pafl
Thorium-cale 6.46
Tin 3.2
Vanadiunm 15.6
Zinc 7.8
BADIONUCLIDES (pCi/g)
Therium-228 0.705
Thorium-230 1.08 J
Thorium-232 9.718
600 0 600 1200 Feet
= !
DRAWN BY DATE Tetra Tech NUS. Inc CONTRACT NUMBER OWNER NUMBER
A JANOCHA 1H8/02 3 T 3959 =
CHECKED BY DATE SEDIMENT ORGANIC AND INORGANIC APPROVED BY DATE
T. JOHNSTON 2/11/02 POSITIVE DETECTIONS GREATER THAN - e
COST/SCHEDULE-AREA UPSTREAM CONCENTRATIONS APPROVED BY DATE
| | | SWMU 1 - MUSTARD GAS BURIAL GROUND n .
SCALE NAVAL SURFACE WARFARE CENTER DRAWING NO. REV
AS NOTED CRANE, INDIANA FIGURE 10 1
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P:\GIS\NSWC_CRANE\SWMUO1.APR TAGS - GROUNDWATER INORGANICS 2 LAYOUT 3/11/02 AJ

/ 2 / —
01-07 —
INORGANICS (uwg/L)
= = Aluminem 1330
X Arsenic 2.7 Ritap
Sarium 158
Calcium 17100
21 MCL RITAP IDEM oo e
IHORGANICS (ug/L) Coppes 2.8 7
Barium 30.3 ppes : 01-13 MCL RSTA® IDEM =
et Yitss Iron lus, INORGANICS (ug/L) 61-10 MCL RITAF IDEM
MCL RSTAP TDEM ) 11100 Lo Nissiaare 1500 Rit Bl ik Ferias T
tog/L) 01-20 mct morar o2 | pocnesion §1308 i i a5 Calciua 107800 Ly s
A INORGANTCS (ug/L) Manganese 371 Rétap FOREY g1 Cobalt 6.6 e;;'!' 33 J
282000 3 Bariss 13.4 Mickel 1.4 Hickel 17. izon 488 f i :
1050 Calciem 244000 Fotagedin §060 Potassium 10400 7 Magrasium 17800 Irom €73
N . | | chromtsn 1.2 e T Silver 1.1 Masganese 47 Magnesica 20400 3
ey Cobalt 1.6 Sertiia H 3 Sodium 12500 Mickei 15.5 Manganese 7 3 Rizap
1491 Iren 158 TOLOGTCALS  (pCL/L) Strontium 516 3 Potassium 1330 Eickel .5 7
29300 3 Maguesiua 148000 G’“"“" Alpka 100 7 Thallive s Mel RStap Ides = 1298 Potassica 2070
Strenciom 2 9 Manganese 44.5 T8 3 | :::-ﬂlr- :: Strontium 132 3 s::i::xu "’:“ JJ
Bickel 27.3 { e . Bine 17.9 =
:ﬂ-ﬂul D ':'l:{:::.;uaf'-rl 1 - Potassiom Sqie I f | RavtotocIcas  (pei/L) FILTERED METALS (g/L) SIETERRD MREALE: (igiL) Y
St ¥iitieed iR b Sodiua 22000 e1-24 MCL RSTAP IDEM Gross Beta 4.2 Bariem, Filtersd 23.5 Barica, Filtezsd 1.0
Colalay (Filtiied 239088 Strontiom 333 7 INORGANICS (2g/L) | Calcium, Plitered 182880 Calcium, Filtered 113000 J
Irom, Filtered 158 Thallica 5.1 ¥cl BStap Tde | Aluminca 197 ; 01-12 McL Rsta? 1oex | | cevale, Filterse 3.0 Cebalt, Filterss 2.4
Magnasism, Filtecsed 138000 & vanadien 0.53 Barium g8.1 \ INORGANICS (ug/L) Iren, Filtered 252 Iren, Pilteced a4
h:"“ - "“":d 355 Zinc 5.0 Calcium 75800 | ‘ Alumipes “w Magmesivm, Filtered 17100 Magnesium, Filtezed 20400 J
ot alie, sAitates ‘348 FILTERED METALS (ug/L) Cebalt 6.6 Barium 15.0 Manganese, Filtered 338 Maigagiss, Filitated 1819 & Lot 4
Sodics, Filtersd 20800 3 Astimony, Filterad 2.1 Coppex 0.34 Caleium 5000 Nickel, Filtered 16.1 Nickel, Filtered 8.7 3
Strostiom, Fitered 887 fom, Filtersd 12.3 Izren 4460 ‘ Cobalt 1.9 Potassium, Filtered 1270 Fotassigm, Filtered 1390
BADIOLOGICALS  (pCi/L) Celoium, Filtersd 275000 Magnasien 27300 Iren ITH Sodium, Piltered 130 Scdium, Filtered 640 3
SEebs ATpca P 853 3 Chromium, Piltered 1.1 Manganese 349 RItap Magnesiua 25000 Stroatium, Filtered 128 J Stroatiom, Filtered 212 J
a2 = 50.2 3 Magnesium, Filtered 173000 Mercury .10 Manganase 401 tinc, Flitered 13.5 RADIOLOGICALS  (pCi/L)
LScoss Bt 38, Piltered 13.7 Hickel 13.6 Rickel 64,7 RADIOLOGICALS (pCi/L) Gross Alpha 2.4 3
Mercury, Filtered  0.10 Potassivm 2378 3 Potassiua 1340 Gross Alpha 1.68 3 Srozs Beca 233
01-18 MCL ROTAP IDEM Nickel, Piltered 27.2 Silver .70 Sodiua 14800
INORGANICS (ug/L) Potassium, Filterad 5480 J Sedisa 1a400 ' Strontius 132 3 01-05 MCL RSTAP IDEM 01-02 MCL RITAP IDEM
Alusisos 2.6 Sodium, Filtered 23800 Stromtium 325 g [ sinc 23.2 INORGANICS (ug/L) INORGANICS (ug/L)
Barium 5 Strontium, Filtered 366 J Thallies 4 Mcl RStap Idem RADIOLOGICALS  (pCi/L) Barisa .3 Bariua 134
Calelun 119000 Thallium, Filtered 7.7 J Mcl RStap Idem [| Varadizm 9.58 Scoss Alpha .00 3 Calcioa 170000 0.74
Chromium 1.6 vanadium, Flltared 0.77 Zinc 3.5 —— " Tin 388 121008 &
Iren 1 2imc, Filtered 7.8 RADIOLOGICALS  (pCiflL) Magnesios 156000 3.1
Magnesivm 45700 RADIOLOGICALS  (pCi/L) Gross Alpha 1.36 J Manganese 37 2.1
oo Manganese 6.0 Gross Beta 3.81 Sross Beta 1.9 o1-08 MCL RITAZ IDEM 7 - 1
Nereuty 0,12 - INORGANICS (ug/L) Ricksl 2:8 13 0
-t ost 7 aarey 18.4 Potassion 2190 9
Potassium 1370 Calcisn £6100 - ; 208 A 3
silver a.87 Savase 2 ey o 3eat 102000 3
Sodium 71600 \ | S8 ey G N . Strontium 257
Strontiom 1 g 01-22 McL moTar Ioem f| 01-23 MCL RSTAP IDEM ::;“ Rseap Gross Alpha 5.26 J 2inc 61.8
;::i;::: 3’;: Mcl R3tap Idem || rvomGANICS (ug/1) “'::::‘“‘3 (eg/1) 5 0.13 Thorigm-228 00408 RADIOLOGICALS  (pCi/L)
: arium 3.3 . — Gro3s B
iiec 2.0 alciom 112000 Shisle 1y o Fataaslun 2 s 01-0% MCL ROTAP 1DEM
:::::ﬁ:. Sidcs Manganess i Siint 8.1 i 01-08 MCL RITAP IDEM
s1:as oL RITAY | TDEM Manganess 2.3 Potassium 1860 ety s Barium TNORGANTCS (ug/L)
INORGANICS (ug/L) e oy SHE Sodium 07000 3 Stioation a2 B calciom Antimony }
:lH:Jnﬂl :01 Nickel 2.3 Strontiom 209 3 :':‘::““' 3.8 Nol: acay Tddn Cobalt Barium 25.0
azium § ———
calcium 145000 4 Pt b a3y, ¥ b RADIOLOGICALS  (pCi/L) :::uu- L
Cobalt .0 B Gross Alpha 148 7 i
e Zz98 3380 Thatiioe 16 T e it Ta S / B 238 Wicral 151000
Hagnasimn Ui, 2 Zinc = - Potassium 530
Manganase 3410 3 RItap = 341744 0.1%
Potaasiom 3650 T — Strontlan I6.5 3 6.9
sdium 64400 3 21-15 ML ASTAP IDEM RADIOLOGICALS (PCi/Li 9.4
Stroatium 178 3 01-27 MCL RSTAP IDEM INORGANICS (ug/L) Gross Alpha ® 1.87 J Sodium 117000
FILTERED METALS (ug/L) INORGANICS (ug/L) Aluminum 46.3 - - Strontium 347 g
Aluminum, Filtered 146 Aluminum 163 Antimany 3.1 ~ Thalllvm 4.1 Mol RItap Idem
Barium, Piltered 21.6 Barium 54.9 Barium 4.3 Thoritm-calc 0.809773
Calcium, Filtered 158000 J Calcium 138000 I g::i“ 1;!:" RADIOLOGICALS  (pCi/L)
Cobalt, Filtered 4.0 2.6 alc 10. >
Iren, Filtered 270 541 zzen 16700 Rstap \ / T <
Magnasium, Filtersd 76500 J §2000 2 Magnesium 48500 \ = - \
Hangane Filtered 3610 J RItap 1150 I RStap Rangauase Js80 RItap [ | o2-04 MCL RITAP IDEM
Potassium, Filtered 3960 2300 Bickel 12.7 INORGANICS (ug/L) /
Sodium, Piltered 66900 J 57300 3 Potassium 1s80 Antimony 1.8 e =
Strontium, Filtered 5 Btsant L 266 T odium 35200 Barium 17.1 e
RADIOLOGICALS  (pCL/L) FILTERED METALS (ug/L) Strontium 253 3 Calcium 85100 4
Gross Alpha [T Seriim, Fiitered X 5. DIGGOICEs pEin Izen e
LGzoss Bata 1,81 3 Calalon, Fil o Fha 92 3 Magnesium 55800
, tered 136000 J e Sitn §'is
Cobalt, Filtered 1.7 i - L ""‘"‘:“ :5:0
Iron, Filtered s ' petassimn
Magnesium, Filtered 60000 J . s s
Manganese, Filtered 1070 J RStap RADIOLOGICALS  (pCt /L)
Potassium, Filtered 2130 . Gross Alpha P s
\ Sodlium, Filtered 54100 3 - \=zogs Aiph : 3
\ Strontium, Filtered 259 J | =
RADTOLOGICALS (pCi/L) |
Gross Beta 2.
ai-i8 o RSEAR TouE I\ PEm= o1c01 MCL RSTAP 1DEM \ )
INORGANICS (ug/L) MCL RSTAP IDEM INORGANICS (ug/L) /
9 Aluminum 249 (ug/L) Barium / Z
Antimony 2.0 B Calcium :
$:8 154000 3 Sremies e 01-03 MCL ROTAP IDEM -
%H e rstae ieiered 24588 Memnen T g0 ‘
6.3 55200 J Naspisise ey Arsenie .9 Mol M3tap | jorzez]
1090 Nickel 1.5
6050 5 astap Sitethive 1300 & Barium 258 |
16300 52.2 Barylliom 0.5% <3, ¢
38 Potassium 2560 4 Spdivn $n0. 9 Cadmt 8.5¢ —_——
b 54700 J Streative 228 3 :-h—l: A =
rotassiue 1920 3 Strontiom M g Fhotim-cale 8284303 Chromium
Silver 0.88 RADIOLOGICALS (pCi/L) RASTMOSTCMY) (BClf Cobalt 3 DEM.
M zoss Alpha 3.26 3 o1-01 BT RITAR- T S
Sodium L Gross Alpha .57 = INORGANICS (ug/L)
Strontium 1 J
Gross Beta 6.38 Alsminca s
Thallizm 2.5 Mcl RItap Idem Lo — —
Vanadiea (81} 01-11 MCL RSTAP IDEM Bariue
e s 01-17 MCL RITAR IDEM TRORGANICS (2g/L) e Caleium 3
FILTERED METALS (og/L) INORGANICS (ug/L) e Aluzinuz P Cobalt
rice, Filtersd 26,8 Bacion .7 Azsenic Mtap Iron
Calcium, Filtered 56600 Caleizm 46308 Barica Magnesioa nugn 3 .
Cobait, Piltared 5.2 Chromium 0.83 Calcion Manganese 2450 7 RStap
Izron, Filtered 248 Cobalt 1.3 Cebalt Stroaticm Hicksl 10.2 J
Magnesium, Filt 16700 3.6 Iren Vazadica i1 Potassina 3010
Nenganess, Fiitersd 163 36500 Magresica FILTERED METALS (0g/L Sodium 18500 7 3
.1::.1 Piltered 1.6 4.7 Mamganess Arsenic, Filtered . RItap Stromtium 265 g3
Potassium, Filtered 1770 4 8:12 Biakit Bakipm, Fi1E0E0D RADICLOGICALS  (pCi/L)
Sodiuh, ¥iltertd 22500 Petassium 1200 J Potassica Caletes, Filtered Gross Alpha ] =y
Strontinm, Filtarsd 108 4 Silver 9.%0 Silver Cobalt, Filtered | Gzons Beta 11.8 3
2 Sodism §1700 Sodica ires, Fil
Thallium, Piltered 5.4 Mcl R3tap Idem sticatisi HEd StEoatt s Magnesi
Zine, Filtered 7.1 195 Eobsimm gz -6 st
Ihallica 5.1 Mcl RStap Idem Thorimm-calc 0.228182 & ap
RADIOLOGICALS  (pCL/L) Zine 27.4 Wickel, Filtered
Giass Bata e FILTERED METALS (3g/L) Potsssium, Filtered
- Barive, Filtered 36.2 :”“‘i Hl::;:
Caleius, Piltered 33100 SEREL oy 8
Irom, Filtered 51.1 g RADIOLOGICALS 500 0 500 1000 Feet
Magnesius, Filtersd 5430 J Gross Alpha
Macganese, Filtered 22.4 J Gross Bata s — I — — !
Potassius, Filtered 1100 J e
Sodiza, Filtersd 5000 3
Stroatiss, Filtered $6.5 J DRAWN BY DATE CONTRACT NUMBER OWNER NUMBER
Eikiieheccaue ipet/iy Tetra Tech NUS, Inc. 3950
Gross Alpha 4.6 3 A JANOCHA 1122/02 ! —
Gross Bet, 8.28 3
Thorium-228 0.0333
- CHECKED BY DATE GANIC APPROVED BY DATE
Ao, T AND RADIOLOGICALS r =
GW INORGANICS AND ORGANICS COST/SCHEDULE-AREA APPROVED BY DATE
MCL = U.S. EPA Maximum Contaminant Level. SWMU 1 - MUSTARD GAS BURIAL GROUND
ROTAP = EPA Region 9 Tap Water Goal S NAVAL SURFACE WARFARE CENTER — ==
IDEM = Indiana Dept. of Env. Mgmt. Defau osure Level. DRAWING NO.
A FIG
AS NOTED CRANE, INDIAN IGURE 11 1
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P:AGIS\NSWC_CRANE\SWMU01.APR POTENTIOMETRIC SURFACE CONTOUR MAP LAYOUT 2/10/02 AJ

LEGEND

634.62 : -
% Well With Corresponding
mz) e Potentiometric Surface Elevation

SWMU Boundary
(Approximate)

Primary Burial Area
Debris Pile

570

590

61p

Excavated Area (Pit)

Z

H-251

_/

—

200 Feet

AL = :

Stream DRAWN BY

@ Tetra Tech NUS, Inc.

CONTRACT NUMBER OWNER NUMBER

3959 _

Topographic Contour (\ J. LAMEY 12112/01
Potentiometric Surface .
Contour
s , Inferred Potentiometric
¢ "7 Surface Contour

»  Groundwater Flow Direction

D '
/\/ Road/Bunker ' : -
/\/ Tree Line — 690
TV d DATE
N CHECKED BY DATE
M. COCHRAN 2/08/02
COST/SCHEDULE-AREA
[
SCALE
AS NOTED

CRANE, INDIANA

2001 POTENTIOMETRIC SURFACE CONTOUR MAP
SWMU 1 - MUSTARD GAS BURIAL GROUND
NAVAL SURFACE WARFARE CENTER

APPROVED BY DATE

APPROVED BY DATE

DRAWING;OA
FIGURE 12

REV
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P:\GIS\NSWC_CRANE\SWMUO1.APR TAGS - GROUNDWATER ORGANICS 2 LAYOUT 2/14/02 AJ

No DETECTIONS | [01-16

Z

[01-21 DRY |
01-20 MCL ROTAP IDEM |Th—— 01-07 MCL RYTAP IDEM
VOLATILE ORGANICS (ug/L) VOLATILE ORGANICS (ug/L)
1,1,2,2-tetrachloroethane 30 J R9tap Idem Toluene ES EXPLOSIVE
1,1,2-trichloroelzthane 0.6 J RYtap 01-12 MCL R9TAP IDEM
'Tath:ie"E E:m“de 263 JJ . = VOLATILE ORGANICS (ug/L) MAGAZINES
s RS & £ap loga ( 1,1,2,2-tetrachloroethane 230 R9tap Idem
01-24 MCL RSTAP IDEM Chloroform 9 Bj R9tap
VOLATILE ORGANICS (ug/L) Trichloroethene 190 Mcl R9tap Idem
Trichloroethene 0.4 / 01=13 MCL R9TAP IDEM
L N TS Ay “J| vOLATILE ORGANICS (ug/L) =
&1‘23 NO _DETECTIONS 1,1,2,2-tetrachlorocethane 9 J R9tap Idem
01-19 MCL ROTAP IDEM L T:‘j.chlo:oethene 8 J Mcl R9tap Idem
VOLATILE ORGANICS (ug/L) ". 01-08 MCL ROTAP IDEM
: d 1,1,1,2-tetrachloroethane 5 J R9tap Idem VOLATILE ORGANICS (ug/L)
\ | 1,1,2,2-tetrachloroethane 270 R9tap Idem 1,1,2-trichloroethane 0.6 J R9tap
| / = = 1,1,2-trichloroethane 9 J Mcl RStap Idem Trichloroethene 4 J R3tap
1,1-dichloroethene 2 g R9tap = -
_ - 1,2-dichloroethane 10 g Mcl R9tap Idem | [o1-09 NO DETECTIONS ]
= ~— — Chloroform 27 J R9tap / 01-06 MCL RSOTAP IDEM
gi:;‘liz'dig:iwﬁth“e g 4J . SEMIVOLATILE ORGANICS (ug/L) /
a ene oride . —
01-25 MCL RSTAP IDEM Tetr:ehloroethene 6 J Mcl RStap Idem Eaphchalens 2.0795 3
VOLATILE ORGANICS (ug/L) Trans-1,2-dichloroethene 3 g | 01-10 MCL RO9TAP IDEM
1,1,1,2-tetrachloroethane 2 J R9tap Idem Trichloroethene 300 Mcl R9tap Idem \\ VOLATILE ORGANICS (ug/L) z
1,1,2,2-tetrachloroethane 32 R9tap Idem — o Trichloroethene 0.4 J
Chloroform 7 J R9tap i a | /
Trichloroethene 65 J Mcl R9tap Idem [01—26 NO DETECTIONS [ 01-02 MCL RO9TAP IDEM {
= : = = VOLATILE ORGANICS (ug/L) /
) 01-22 MCL R9TAP IDEM 9 1,1,2,2-tetrachloroethane 38000 R9tap Idem
VOLATILE ORGANICS (ug/L) Chloroform 840 J Mcl R9tap Idem
1,1,1,2-tetrachloroethane 2 g R9tap Idem Tetrachloroethene 370 g Mcl R9tap Idem
{ 1,1,2,2-tetrachloroethane 150 J R9tap Idem Trichloroethene 16000 Mcl R9tap Idem
/ 1,1,2-trichloroethane 4 J R9tap = SEMIVOLATILE ORGANICS (ug/L) == =
- 1,1-dichloroethene 0.8 J R9tap 3 Acenaphthylene 0.763 <5
- Chloroform 15 J ROtap & Fluorene 0.0593 J
Cis-1,2-dichloroethene 4 J Hexachloroethane 5 & RY9tap =l
Methylene Chloride 0.3 & Naphthalene 0.579
= Tetrachloroethene 3 J R9tap ENERGETICS (ug/L)
Trans-1,2-dichloroethene 2 J i
\ 01=14 MCL RITAP IDEM Trichloroethene 120 J Mcl R9tap Idem I el LI
i VOLATILE ORGANICS (ug/L) 1 01-04 MCL R9TAP IDEM
\ ‘ 1,1,2,2-tetrachloroethane 8 R3tap Idem 01-15 MCI ROTAP IDEM SEMIVOLATILE ORGANICS (ug/L)
\ 1,1,2Ttrichloruethane 0.4 J R9tap VOLATILE ORGANICS (ug/L) Acenaphthene 0.0793 J
1,2-dichloroethane 0.3 g R9tap 1,1,2,2-tetrachloroethane 250 R9tap Idem L -
\ Chloroform 0.1 ¢ 1,1,2-trichloroethane 14 J Mcl R9tap Idem = 01-05 MCL RITAP IDEM
[] | cis-1,2-dichloroethene 0.9 g Trichloroethene 310 Mcl R9tap Idem | \ VOLATILE ORGANICS (ug/L)
| | Trans-1,2-dichloroethene 0.3 ¢ = . —~ 2 1,1,2,2-tetrachloroethane 9 g R9tap Idem
\i [_Trichloroethene 20 Mcl RStap Idem < 1,1,2-trichloroethane 9 J Mcl R9tap Idem
\\ === r—= [01-27 NO DETECTIONS | i 1,1-dichloroethene 0.2 J ROtap
‘\; 01-17 MCL RSTAP IDEM ol /e ~ Cis-1,2-dichloroethene 2 J
VOLATILE ORGANICS (ug/L) ~ Tetrachloroethene 2 J ROtap
1,1,1,2-tetrachlorocethane 0.3 J 01-18 MCL ROYTAP IDEM Trans-1,2-dichloroethene 0.3 g
1,1,2,2-tetrachloroethane 10 J R9tap Idem VOLATILE ORGANICS (ug/L) Trichloroethene 550 J Mcl RS9tap Idem
1,1,2-trichloroethane 0.8 g Rgtap 1,1,2,2-tetrachloroethane 0.3 J ROtap SEMIVOLATILE ORGANICS (ug/L) .
1,1-dichloroethene 0.4 J R9ta A 4-nitrophenol 1
1,2-dichloroethane i R9tap Methylans chlerids 4,8 o ENERGETICS (ug/L)
Chloroform 4 J RStap Trichloroethene 5 J Rotap 01-11 MCL RITAP IDEM 4-amino-2,6-dinitrotoluene 0.263 J
Cis-1,2-dichloroethene T X VOLATILE| ORGANIES :(ug/L) T ‘
Tetrachloroethene 13 01co1 MCL ROTAP IDEM e L i Tist 01-01 MCL R9TAP IDEM |
Trans-1,2-dichloroethene 0.7 J SEMIVOLATILE ORGANICS (ug/L) 1'1'2'-trichlorcetha e 5 RBtap SEMIVOLATILE ORGANICS (ug/L)
Trichloroethene 45 J Mcl R9tap Idem Acenaphthene 0.108 J 1'1’—di hl th Re 0.7 I ROE P Bis (2-ethylhexyl)phthalate 7 J Mcl R9tap Idem
SEMIVOLATILE ORGANICS (ug/L) 1 AR et g g 2P ENERGETICS (ug/L)
=5 = PESTICIDES/PCB'S (ug/L) 1,2-dichloroethane 4 R9tap
is(2-ethylhexyl)phthalate 5 J R9tap y HMX 0.201 J
ENERGETICS (ug/L) Heptachlor 0.017 J R9tap Ct}xlorofo:r‘n 15 R9tap PESTICIDES/BCB'S (ug/L)
2,4,6-trinitrotoluene 0.127 J g;iriéil:igztg::gthe“e 2 i, Ean Gamma-chlordane 0.025 J
Tréns—1,2—dichlorcethene 2 01-03 MCL ROTAP IDEM
Trichloroethene 180 J Mcl R9tap Idem PESTICIDES/PCB'S (ug/L)
SEMIVOLATILE ORGANICS (ug/L) camma-shlordans 0.075 J
Acenaphthene 0.0896 J
Bis (2-ethylhexyl)phthalate 15 J Mcl R9tap Idem 1408 GROUP "PP"
Butyl Benzyl Phthalate S J rd
Naphthalene 0.103 J
FEZS)TICIDES/PCB'S (ug/L) 300 0 300 600 Feet
Heptachlor 0.023 J R9tap L 3
—
DRAWN BY DATE CONTRACT NUMBER QOWNER NUMBER
A JANOCHA i (T Tetra Tech NUS, Inc. s -
CHECKED BY DATE APPROVED BY DATE
T. JOHNSTON 2111/02 GROUNDWATER ORGANICS — -
GW INORGANICS AND ORGANICS COST/SCHEDULE-AREA SWMU 1 - MUSTARD GAS BURIAL GROUND APPROVED BY DATE
MCL = U.S. EPA Maximum Contaminant Level.
RITAP = EPA Region 9 Tap Water Goal. | 1 | NAVAL SURFACE WARFARE CENTER . .
IDEM = Indiana Dept. of Env. Mgmt. Default Closure Level. SCALE CRANE, INDIANA DRAWING NO. FIGURE 13 REV
- AS NOTED 1
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P:\GISINSWC_CRANE\SWMU01.APR 1986 TETRACHLOROETHANE ISOPLETH LAYOUT 2/12/02 KMP

ND ‘
1-24, 1983 |
( ND /
01-21, 1986 ‘
ND = ND
1-23, 1983 : 1-07, 1983
1-20, 1986 - :
: 01-06, 1982
“_.“; 1-08
&3\ - 1-16, 1983 S s
420 ¢ 1200~ 3000 < 1-09, 1982
01-25, 1986 1-22, 1986} [01-19, 1986 1-12, 1986 ;i
I 1-13 7
27.0 —
1-15, 1986 =
O 570.0 ND SR
& ¢ 01-14, 1986 Wy - 1-10, 1983 570 T~ g
70 \, & 01-11, 1986 \ 59 .
00 1-02, 1986 0
1-05, 1986 610
320 ND
1-17, 1986 1-04, 1982
* SMALL PI
850 /ﬁ\ R / -
1C01 - o)
T \ _RGE PIT 60000
630 6.
\ %
20.
1-03, 1982 b &
. 1-01, 1982
610 , L)
| LS g §
t o
| 7
590 N

Z

LEGEND )
230 Well With Corresponding 1,1,2,2 - !‘
@ Tetrachloroethane Concentration (ug/L) ]
Along With Year Sampled
D SWMU Boundary 50
(Approximate) 01702)
= Primary Burial Area &
Debris Pile , 6
\ Excavated Area (Pit) 8
N Road/Bunker %0 \ 2 2 &0 Feat
PV Tree Line =1 S
CONTRACT NUMBER OWNER NUMBER
o L - rr - (R Tetra Tech nUS, Inc. - -
opographic Contour P N OATE APPROVED BY DATE
/\/ 1,1,2,2 - Tetrachloroethane ) " AN 1,1,2,2 - TETRACHLOROETHANE
Isoconcentration Contour in ug/L / 2 B 'CS;:TMHEDULE :;::uz ISOCONCENTRATION CONTOURS IN THE 1980's APPROVED BY P
g Inferred 1,1,2,2 - Tetrachlcroethane T ¢ | g Swh?:\,l;l: ggsg:gg Sﬁgfgé%EGNBrg:ND _ _
Isocoi | ntration Contour in ug/L [ Note: No Data Avaiiable for Wels 0105, 0113, 0118, 0127, 01.28, 0127, 01cot, and 01702 | = SCALE CRANE, INDIANA IR FIGURE 14 i3
~ 2 (] AS NOTED : 0
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P:\GIS\NSWC_CRANE\SWMUO01.APR 1986 TRICHLOROETHENE ISOPLETH LAYOUT 2/12/02 KMP

LEGEND

230 Well With Corresponding
® Trichloroethene Concentration (ug/L)
Along With Year Sampled

SWMU Boundary
(Approximate)
Primary Burial Area
Debris Pile
Excavated Area (Pit)
Road/Bunker

Tree Line

22EODD

~

/

Stream

Topographic Contour
Trichloroethene
Isoconcentration Contour in ug/L

Inferred Trichloroethene
Isoconcentration Contour in ug/L

{ D
, 01-24, 1983
\ ND

[01-21, 1983]

0
; 01-20, 1986
59.0 - "
e\ KL - (‘ N o
&) ¢ A - = 1-16, 1985
/ = 240.0 ;
22, 1986) 01-19, 19 12.0 >
\ 4

320.0
72
[\ "
670 °o_ &
650 QL2 _—
630
| 610
“i
590

A —~ 870

550

LNola: No Data Avallable for Wells 01-13, 01-18, 0126, 01-27, 01C01, and 01T02. I

ND
01-07, 1983

80
01-10, 1983

1000

ND hois

Y

’%

ol®

@ ,

Z

699

200 Feet

DRAWN BY
A. JANOCHA

DATE
1/30/02

[T Tetra Tech NUS, Inc.

CONTRACT NUMBER
3959

OWNER NUMBER

CHECKED BY

M. COCHRAN

DATE
2/08/02

COST/SCHEDULE-AREA
| | |

SCALE
AS NOTED

TRICHLOROETHENE
ISOCONCENTRATION CONTOURS IN THE 1980's
SWMU 1 - MUSTARD GAS BURIAL GROUND
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

APPROVED BY

DATE

APPROVED BY DATE

PRAWINGNO.  FIGURE 15
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P:\GIS\NSWC_CRANE\SWMUO01.APR TETRACHLOROETHANE ISOPLETH LAYOUT 2/08/02 AJ

N

Z

LEGEND
230 : "
= Well With Corresponding 1,1,2,2 -
= Tetrachloroethane Concentration (ug/L) 550 !
D SWMU Boundary 1
(Approximate) ‘
[] Primary Burial Area
Debris Pile = 3 f gr—
; - 90
Excavated Area (Pit) - 0 500 Fest
/\/ Road/Bunker C\ o ‘ .
LY Teslne DRAWN BY DATE ' CONTRACT NUMBER OWNER NUMBER
Stream e A e (R Tetra Tech NUS, Inc. 3950 ~
/\/ Topographic Contour N T DATE 1,1,2,2 - TETRACHLOROETHANE APPROVED BY DATE
Py 1,1,2,2 - Tetrachloroethane / 2 M. cocHRAN 210802 ISOCONCENTRATION CONTOURS = =
Isoconcentration Contour in ug/L / TcosTSchEDULEAREA AS OF SEPTEMBER 2001 APPROVED BY DATE
' 8 e M e o —r
Isoconcentration Contour in ug/L " SCALE -
, (/ \ AS NOTED CRANE, INDIANA fideiclitatd 0
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PAGIS\NSWC_CRANE\SWMU01.APR TRICHLOROETHENE ISOPLETH LAYOUT 2/04/02 AJ

LEGEND

30 ;
Well With Corresponding
4 Trichloroethene Concentration (ug/L)

570

590

610

ol?

0.2 I

ireg

Z
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Figure 18. Time series of select VOC concentrations in the two mdst contaminated wells: a.
Well 01-02; b. Well 01-05. Plotted concentrations are averages over all sampling rounds within

each year.

030208/P

40

CTO 0158



Attachment 1. Evaluation of Arsenic Soil Data

Soil sample data were segregated into three of the nine basewide background soil groups
according to the NSWC Crane Basewide Soil Background Report (TtNUS, 2000b). Metal
concentrations in each of the three soil groups were compared to metal concentrations from the
corresponding background soil group. Based on these comparisons each metal at the MGBG
was classified as being statistically elevated or not elevated relative to background
concentrations. For any metal that was determined to exceed its background concentration, all
concentrations were plotted on tag maps for soil samples belonging to the soil group that
exceed background concentrations. The resulting plots include a range of concentrations for
each such metal, some of which would clearly exceed the upper end of the background soil
concentrations and some that would not. If a metal concentration exceeds the 95/95 UTL of the
background data set, the tag for that sample indicates "UTL".

Arsenic was detected in all 24 surface soil samples at concentrations ranging from 6 mg/kg to
10.9 mg/kg (Figure 7 of memorandum text). Concentrations of arsenic were in excess of the
USEPA Region IX Preliminary Remediation Goal (PRG) for residential land use, IDEM Tier |
Default Residential and Commercial/Industrial Soil Closure Levels, and USEPA SSL for
migration to groundwater (DAF 1), and the Basewide background concentrations. There are a
couple of features related to the MGBG arsenic concentrations that warrant discussion. First,
the arsenic concentrations are rather uniform across the MGBG. This kind of spatial distribution
is inconsistent with most forms of liquid or solid waste releases, which would typically exhibit an
area of high concentration surrounded by increasingly lower concentrations as the distance from
the point of release increases.  Second, Figure A-1 shows a comparison of NSWC Crane
background soil arsenic concentrations to MGBG surface soil arsenic concentrations. The
MGBG arsenic concentrations are compressed into a distribution that is approximately half the
range of concentrations observed across all of NSWC Crane, yet the upper end of the MGBG
distribution is comparable to the upper end of the NSWC Crane background concentrations.
This suggests that the MGBG arsenic concentrations are a subset of NSWC Crane background
concentrations and are probably not an indication of site-related contamination. This is even
more significant when considering that there are more concentration values in the MGBG data
set (20 samples) than in the NSWC Crane background data set (15 samples). Such a situation
favors the probability of obtaining a concentration in the MGBG data set that is greater than the
maximum value observed across all of NSWC Crane. Finally, a comparison to background
concentrations presumes that site contamination is added to background concentrations. To
obtain the observed arsenic .concentration distribution for MGBG samples, virtually all
contamination would have to have been selectively deposited at the areas having the least
arsenic concentrations, thus raising only those. concentrations to the observed concentrations,
and vyielding a "compressed" but very slightly elevated concentration distribution. Such a
contamination scenario is extremely implausible. In summary, although MGBG arsenic soil
concentrations were determined to be statistically greater than NSWC Crane background
concentrations, the MGBG is not viewed to be contaminated with arsenic. Instead, the very
slightly elevated arsenic concentrations at the MGBG are viewed to represent a subset of the
NSWC Crane background. '

-Figure 7 of the memorandum text shows that arsenic was detected in 26 of 35 subsurface soil
samples at concentrations ranging from 0.48 mg/kg to 20.2 mg/kg. All but one of those values
is less than the background subsurface soil 95/95 UTL of 8.2 mg/kg. Similar to the situation for
arsenic in surface soils (see Surface Soil, above), it is not believed that the observed arsenic
concentrations represent site contamination.
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Figure A-1. Comparison of Arsenic Site Data with NSWC Crane Basewide Background Data.



