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I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment 
for knowing violations. 

Environmental Protection Department Manager 
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Technical Memorandum 

To: Mr. Bill Gates, Navy Southern Division 

From: Dr. Tom Johnston, Tetra Tech, NUS, Inc. 

Date: 13 March, 2002 

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

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: 
I. delineate site contamination, 
2. support a screening level human health risk assessment, 
3. support a baseline ecological risk assessment, and 
4. 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. 

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. 

2.0 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 II 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 cheniicals. 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, 
01 CO1 , 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-w. where “x” 
represents a sequential well number and “yy” represents the year the well was installed. 
Current nomenclature identities 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 OlTnn 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 I). Well OICOI 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: 
. 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 pem\eable, 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 Ol-CO1 (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 VGCs 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 I-- 
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, RQRES, 
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”. lf 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 OlSB21. 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 I] 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 (OlSSO50002, OlSSO60002, 
01SS11000201SS180002,01SS200002,01TPS04) at concentrations ranging from 150 uglkg to 
46,000 ug/kg. All but one of the concentrations (46,000 uglkg in OlSSO50002) were less than 
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the 9,940 uglkg ecological screening level presented in Table 1-5 of the QAPP (RNUS, 2001a). 
Additionally, the measured concentrations do not exceed human health risk-based screening 
level of 611,000 uglkg 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 ooncentrations 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 OlSBO90206 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 us/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, OlSB090206, 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 I 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 (O1SDO1) 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 mglkg 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 land 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 (OlSD02) 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 OlSD06 (7,600 ug/kg) is in large excess of the 
4.12 uglkg sediment risk-based target level presented in Table I-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 OlSD03 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 uglkg 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 (OlT02). 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 I 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 pCiiL 
(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 OlT02 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 OlT02 
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 I 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 OICOI and 01-l 1 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 OlT02 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: 
l USEPA Region IX Tap water PRGs, 
. IDEM Tier I Default Residential and Commercial/Industrial Ground Water Closure Levels, 

and 
l 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 
ugll were measured in well 01-02 in 1986, and were almost 50% less in 2001 (38,000 ug/l and 
16,000 ugll, 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, Ol- 
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 .O 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 Summarv 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 01-08 and OICOI monitor deeper groundwater in the 
bedrock. Shallow groundwater depths range from approximately IO 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 OlT02 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: 
l 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. 
. 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. 

. The ground water in the Pennsylvanian rocks 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 OICOI and 01-06, are off the center axis of the ground water VOC plume, which 
elongates toward the west. Well OICOI 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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l Contaminant levels in an environmental medium versus concentrations detected in the 
corresponding background environmental medium collected for Crane NSWC. 

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

l 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 rulesfor the QAPP. Therefore, additional soil sampling for purposes of delineating the 
vertical/horizontal 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 OISDOI, 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 us/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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Horizontal location 
Ground 

Monitoring Well Date Surface 
Numbw/1) Installed Northing Easting IfIEleVa!ionll 

feet--AMSl 

WES-I-1-81 1981 460547 578084 683.14 

WES-1-2-a1 1981 460656 577831 664.04 

WES-1-3-81 1981 480596 S77746 667.43 

WES-1-4-81 1981 460800 577998 669.95 

WES-1-5-81 1981 460831 577913 665.69 

WES-1-6-82 11/12182 461115 577955 596.02 

WES-l·7-82 11114/82 461184 577674 603.4S 

WES-1-e-82 11/15/82 461099 577833 601.99 

WES-l-Q-82 11117/82 461048 577939 610.18 

WES-1-10-62 01122183 460960 577916 636.77 

WES-I-11-82 01/08J83 460880 577737 656.34 

WES-1-12-83 01/1.9/83 481011 5m14 634.05 

WES-1-13-83 01/22183 460993 577809 6M.98 

WES-l-14-83 01/26/83 460924 577635 856.14 

WES-' -15-83 ·02110/83 460965 577543 663,01 

WES-1·16-63 02111183 461069 577611 641.94 

WES-l-17-83 02112183 460." 577609 662.54 

WES-1-18-83 06118/83 460685 577538 658.40 

WES·l-19-83 06/18183 461000 577478 656.79 

WES-1-20-83 06121/83 461131 577516 831.35 

WES-I-21-83 06121183 461225 577587 603.82 

WES·'-22-63 07/09/83 461034 577355 653,55 

WES·1-23-83 07f11183 461152 577419 625.81 

WES-1-24-63 07109183 461267 577496 600.57 

WES·1·25-63 08106183 4610n 577259 654,16 

WES·l-28-83 08/06183 460954 577245 670.21 

WES·1-27-83 08/10183 480776 577381 659.75 

1C01·93 1993 NA NA NA 

TABLE 1 

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

Well Screen InteNal 
Top of PVC WeH Depth 

Casing from Top of Screen Depth to Oep~to 

Elevation PVC C~~ing length Top Bottom 
feet-AMSll fet fet (feet-basl (~t-bos 

686.14 51.0 9.63 33.14 42.77 

667.04 25.8 9.36 8.24 17.60 

670.43 21.6 9.42 3.99 13.41 

6n.95 34.0 9.21 16.47 25.68 

668.69 33.6 9.12 16.18 25.30 

599.02 93.0 9.38 75.02 84.40 

606.4S 31.0 9.38 12.61 21.99 

604.99 31.2 9.32 13.63 22.95 

613.18 35.0 9.38 17.40 26.78 

639.77 43.0 9.40 25.25 34.65 

659,M 22.8 8.63 6.72 15.35 

637.05 41.0 9.41 23.26 32.67 

637.98 38.0 9.45 19.97 29.42 

659.14 39.0 9.53 21.12 30.65 

666.01 40.0 9.50 22.10 31,60 

644.94 41.5 9,25 23.75 33,00 

665.54 41.0 9.30 23,25 32.55 

661,40 32,0 9.29 14,3 23.59 

659.79 33,2 9.0 15.7 24.70 

6M.35 39.1 9.34 21,35 30,69 

606.82 41.2 9.Q1 23.74 32.75 

656,5S 38.0 9.15 20,S 29.65 

62B.81 48.0 9.07 30.51 39.58 

603.57 33.' 9.41 15,62 25.03 

657,16 34.2 8,37 17.42 25,79 

673,21 58.0 9.12 40,45 49.57 

662,75 43.0 9.0 25.55 34.55 

NA NIl NA NIl NIl 

1 All wells w&re installed by the USACEWES and screenM in the PennsYlvanian formation, 
2 Refef'll!need to the Indiana State Plana Coordinates, Zone 1302 (West), NAD 83. 
3 Most teeent round of water level data (Dunbar, ApriI1984, Appendix D), 
4 Referenced to top of PVC casing. 

Notes: 
BOO • below ground surface 
AMSl· Above mean sea level 
PVC - polyvinyl chloride 
NA· not available 
Elevations are relative to Mean Sea Level, NGVD 29, 

Well Screen InteNal Ground water & Elevation 

Elevation of Elevation of "''' Groundwater 
Top B"'om Measurea!J) Depth to Wal., EJevath:m(41 

feet-AMSl rfeet-AMSll (f .. tl (!eet-AMSl) 

650.00 640.37 09114183 26.05 660.09 

655.80 .... 44 09/14183 13.50 653.54 

663.44 654.02 09114183 12.53 657.90 

653.48 644.27 09114183 16.28 656.67 

649.51 640.39 09"4/63 15.35 653.34 

521.00 511.62 07{20/83 69.70 529.32 

590.84 581.46 09114183 17.94 588.51 

588.36 579.04 09/14/83 15.67 589,32 

592,78 583.40 09/14183 22.38 590.80 

611,52 602.12 09/14183 26.45 613.32 

649,82 840.99 09/14183 9.04 650.30 

610.79 6D1.38 09114183 25.85 611.20 

615,01 605.56 09114183 25.08 612.90 

635,02 625.49 09/14183 16,84 642.30 

640.91 631.41 09114183 27,03 638.98 

618.19 608.94 09114183 35.25 609.69 

639.29 629.99 09114183 19.70 645.84 

644.10 634.81 09114183 14.58 645,82 

641.09 632.09 09/14183 20,35 639,44 

810.00 600.66 09/14183 28,00 606.35 

580,08 571.07 09114183 18.24 588.58 

633,OS 623.90 09/14/83 17.$5 839.00 

595.30 586.23 09/14/83 4O.0S 588.76 

584.95 575.54 09114183 15.18 588.39 

636.74 628,37 09/14/83 20.10 631.06 

629,76 620.64 09114/83 35.25 637.96 
834,2{) 625,20 09f14/83 23,86 638,89 

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

Wen Parameter 1982 1983 1985 1986 2001 2001 MOL Notes 

01-01 METHYLENE CHLORIDE 8.0 1U 

TETRACHLOROETHENE 0.1 0.5U 

01-02 1,1 ...... " .. : , 
;t,_ 312500 525 66000 38000 - - l. , '.~ 

1,1,2-TRICHLOROETHANE 2,2 1000 Sample dil'n 

1,1-DICHLOROETHENE 65.0 500 Sampledil'n 

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 Sampledil'n 

CHLOROFORM 2000 840 

METHYLENE CHLORIDE 47.0 1000 Sampledil'n 

TETRACHLOROETHENE 3450 187.0 370 

TRANS-1,2-DICHLOROETHENE 2475 24,3 1000 Sampledil'n 

87500 1180 30000 16000 
"" .. 

01-03 , . '., ,_ 1$ 20.0 0,5 

3.0 0_6 .. 
01-04 METHYLENE CHLORIDE 1.0 5 

01-05 t; "_<._"!tIiilU, ... , ... ;!~:!iI~'F 58.0 85,9 7.0 9.0 

1,1,2-TRICHLOROETHANE 4_6 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-DICHLOROETHENE 0,3 

2900 1010 380 550 

01-06 METHYLENE CHLORIDE 3.0 3 

01-07 METHYLENE CHLORIDE 40.0 1 

TOLUENE 1,0 

TRICHLOROETHENE 3.0 0.5 

01-08 1,1,2-TRICHLOROETHANE 0.6 

METHYLENE CHLORIDE 2.0 1 

I,:J . --, 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 

~~1'!! . .. ;:" .. ",l!;I!O 8.0 0.4 
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Table 2 
Concentrations of Detected VOCs Over Past 20 Years 

Page 2 of5 

Year 

Well Parameter 1982 1983 1985 1986 2001 2001 MOL Notes 

01-11 1,1,1,2-TETRACHLOROETHANE 3,0 

Im~ .'.,-. -"-' ~.I.'Si!~~.\!i 138 760 170 . 
- - ",- .-, _. ,_ .. -.' .. --,-

l,l,2-TRICHLOROETHANE 101 12.0 5.0 

1,I-DICHLOROETHENE 0.7 

1,2-DICHLOROETHANE 4.0 

CHLOROFORM 20.0 15.0 

CIS-l,2-DICHLOROETHENE 5.0 

TETRACHLOROETHENE 5.2 10.0 6.0 

TRANS-l,2-DlCHLOROETHENE 4.0 17.0 2.0 

150 500 180 

TRICHLOROFLUOROMETHANE 4.0 1 

01-12 1,1,1-TRICHLOROETHANE 6.0 7 

.. -.-. ~ +- - 6000 518 280 230 

1,1,2-TRICHLOROETHANE 341 7.0 13 

1,2-DICHLOROETHANE 28.0 7 

CHLORODIBROMOMETHANE 61.0 7 

CHLOROFORM 53.0 13.0 5.0 9.0 

METHYLENE CHLORIDE 5.0 5 

TETRACHLOROETHENE 1.4 7 

TRANS-l,2-DICHLOROETHENE 24.0 19.3 6.0 13 

2300 180 190 " .. 
01-13 . .:"N 9.0 

- .0_ 8.0 

01-14 !l,U-TRICHLOROETHANE 29.0 0.5 

". .. . ' •. 320 64.8 570 8.0 

1,I,2-TRICHLOROETHANE 15.0 0.4 

1,2-DICHLOROETHANE 4.0 14.0 0.3 

CHLOROFORM 7.0 3.3 24.0 0.1 

CIS-l,2-DICHLORDETHENE 0.9 

METHYLENE CHLORIDE 7.0 2 

TRANS-l,2-DICHLOROETHENE 3.0 3.6 16.0 0.3 

';',,:,,, ' 92.0 53.1 320 20.0 

TRICHLOROFLUOROMETHANE 19.0 1 
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Table 2 
Concentrations of Detected VOCs Over Past 20 Years 
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Year 

wen Parameter 1982 1983 1985 1986 2001 2001 MOL Notes 

01-15 1,1,1-TRICHLOROETHANE 7.0 13 

m.l(~.· '!!ili!l.'.'.' .10 1480 230 27.0 250 

1,1,2-TRICHLOROETHANE 17.0 12.6 14.0 

1,1-DICHLOROETHENE 2.0 25 

1,2-DICHLOROETHANE 32.0 13 

CHLOROFORM 23.5 13.8 18 

METHYLENE CHLORIDE 3.0 53 

TETRACHLOROETHENE 3.5 13 

TETRAHYDROFURAN 93.0 Not analyzed in 2001 

TRANS-l,2-DICHLOROETHENE 18.0 14.8 25 

Im\1l!1:l' , ,,-",-. 238 301 12.0 310 

01-16 1,1,1-TRICHLOROETHANE 23.0 Dry 

XjJ .. . . "r" 
5400 Dry 

1,1-DICHLOROETHENE 1.0 Dry 

1,2-DICHLOROETHANE 23.0 Dry 

1,3-DICHLOROPROPENE 1000 Dry 

CHLOROFORM 43.0 Dry 

METHYLENE CHLORIDE 7.0 Dry 

I11R~IiI~HQ1Ofj!i!~ 513 Dry 

01-17 1,1,1,2-TETRACHLOROETHANE 0.3 

1,1,1-TRICHLOROETHANE 23.0 0.5 

fclil., . , , .. . '~.";"~I; 32.0 10.0 

1,1,2-TRICHLOROETHANE 0.8 

1,1-DICHLOROETHENE 0.4 

1,2-DICHLOROETHANE 5.0 1.0 

CHLOROFORM 5.0 4.0 

CIS-l,2-DICHLOROETHENE 1.0 

METHYLENE CHLORIDE 7.0 1 

TETRACHLOROETHENE 37.0 1.0 

TRANS-l,2-DICHLOROETHENE 0.7 

. w".; ,: 1;r:il1i! 62.5 52.0 45.0 

TRICHLOROFLUOROMETHANE 4.0 1 

01-18 ~~.} - , _.t. __ I', .•. __ , ~,~ .. AIliE 0.3 

METHYLENE CHLORIDE 0.2 

:.,- 5.0 
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Concentrations of Detected VOCs Over Past 20 Years 
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Table 2 
Concentrations of Detected VOCs Over Past 20 Years 

Page 4 of5 

Year 

Well Parameter 1982 1983 1985 1986 2001 2001 MOL Notes 

01-19 1,I,I,2-TETRACHLOROETHANE 5,0 

Jil~~Wl'!Y\!:l8k~Jl -~" 146 ".,,,- 300 270 

1,I,2-TRICHLOROETHANE 5.7 9.0 9.0 

1,I-DICHLOROETHENE 2.0 

1,2-DICHLOROETHANE 19.0 10.0 10.0 

CHLOROFORM 15.0 10.0 14.0 27,0 

CIS-l,2-OICHLOROETHENE 8.0 

METHYLENE CHLORIDE 0.4 

TETRACHLOROETHANE 7.1 Not analyzed in 2001 

TETRACHLOROETHENE 6.0 

TOLUENE 5.0 0.5 

TRANS-l,2-DICHLOROETHENE 12.0 B.O 3.0 

.. !ill 180 221 240 300 

TRICHLOROFLUOROMETHANE 2.0 1 

01-20 1,1,1' TRICHLOROETHANE 1.0 0.5 

,!!:ilt~ . 160 30.0 

1,I,2·TRICHLOROETHANE 0.6 

1,I-DICHLOROETHENE 6.0 1 

METHYLENE CHLORIDE 0.3 
, '. 430 75.0 30.0 ,-.'. -

01-21 1,1,1-TRICHLOROETHANE 1.0 0.5 

BENZENE 2.0 0.5 

METHYLENE CHLORIDE 3.0 0.5 

01-22 1,I,I,2-TETRACHLOROETHANE 2.0 

1,1,1-TRICHLOROETHANE 2.0 0.5 

, '" " -~, :. -, -
, , _"Iii 50.0 65.3 1200 150 

1,1,2-TRICHLOROETHANE 4.0 

1,I-DICHLOROETHENE 0.8 

1,2-DICHLOROETHANE 3.0 0.5 

BENZENE 3.0 0.5 

CHLOROFORM 4.0 4.4 B.O 15.0 

CIS-l,2-DICHLOROETHENE 4.0 

ETHYLBENZENE 10.5 0.5 

METHYLENE CHLORIDE 0.3 

TETRACHLOROETHENE 3.0 

TOLUENE 5.1 0.5 

TRANS-l,2-DICHLOROETHENE 7.1 2.0 

tllW:ll'(tQ1'I.lli~fJi!IiI't'IE 80.0 117 140 120 

030208/P 20 CT00158 



Table 2 
Concentrations of Detected VOCs Over Past 20 Years 
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NA = Not applicable 
ND = No detections 

21 

Table 2 
Concentrations of Detected VOCs Over Past 20 Years 

Wen Parameter 

01-23 1,1,1-TRICHLOROETHANE 

CHLOROFORM 

METHYLENE CHLORIDE 
i' -

'if~j;i 
" 

01-24 1,1,1-TRICHLOROETHANE 

METHYLENE CHLORIDE 

rm!!ll:fli.\."""",.,,,l!le 
01-25 1,1,1,2-TETRACHLOROETHANE 

l!tlltl~!ih "' -
CHLOROFORM 

--,-. '''-- ,'~, 

01-26 BENZENE 

01-27 TETRAHYDROFURAN 

01COl All analytes 

01T02 CHLOROFORM 

METHYLENE CHLORIDE 

TOLUENE 

'. ~ .: ' :1; 
NA Not applicable 
NO = No detections 

030208/P 

1982 

NA 

Page 50f5 

Year 

1983 1985 1986 2001 2001 MOL 

2.0 0.5 

2.0 0.5 

6.0 0.2 

2.0 0.5 

1.0 0.5 

2.0 1 

0.4 

2.0 

42.0 32.0 

7.0 

59.0 65.0 0.5 

5.0 0.5 

49.0 

NA NA NA ND 

0.3 

0.2 

0.6 

0.2 

21 

Notes 

Not analyzed in 2001 

CT00158 
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Thorium-230 

A'X"''''015BI6 (2 - 6.0) 
Thorium-230 
015B16 (6 - 10) 

015B20 (0 - 2.0) 
RADIONUCLIDE5 (PCI/G) 

n 

SSL 
0.385 J 

SSL 
0.334 J 

SSL 
0.475 

0.438 

SSL 
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-___ 
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$OIL RA OIONUC LICES 
SSL • U.S. EPA $oil 

030208lP 

Scrnni' .' j Level. 1 

30 

0 15S0l 

•~~~~~~~~~~~~~~~~~~~~ '" 
01 5 803 lie E xcee"~~c~. RA O 

'" OlSlOI 1<0 [xc~e"&~c.. 015 

no 
015809 flo Excu".~c... 015 

01SROS flo E xc~e".nce. 

OURIl 41' 6.0f 
RAllIOflIlCLIIl£S (PCl/CiI 
Tho <1 ~ ",-2 l0 

01S!U 16 - 101 
'th<><l~",- 2]O 

. H l J 

0.214 J 

015814 (~- 8.0f 
lO.AOIOflU~L!O&S (P~IICiI 

'1'''0,.;" ,, ·2 10 0.251 J 

OUIUS 40 - 2.01 
RADIOIIUCLIC!S (PCI / Cil 
'I'''orl"", -230 
01S115 12 - 6.0 1 
Th <>ri" .. -230 
Ol5US (6 - 10 f 
'tho<iu",-230 

e TO 0158 

'" . 562 J 

0 . 539 J 

O. 'H J 



Exceedances 

4 (0 - 2.0) 
VUCLIDES (XI/G) SSL 
2m-230 0.621 J 
1 (2 - 6.0) 
lm-230 0.485 J 
1 (6 - 10) 
m-230 0.520 J 

OlSB06 NO Exceedances 
I 

I/ lolsBlo NO Exceedances 

OlSBll (0 - 2.0) 
RADIONUCLIDES (XI/G) SSI 
Thorium-230 0.473 J 
OlSBll (2 - 6.0) 
Thorium-230 0.434 
OlSBll (6 - 10) 

PADIONUCLIDES (PCI/G) 
1 Thorium-230 

SSL 
0.334 ,I 

RADIONUCLIDES (XI/G) SSL 
Thorium-230 0.385 J 

Thorium-230 

,re\l Thorium-230 

Thorium-230 0.349 
^.^_^^ .^ 

/ RADIONUCLIDES (PCI/G) SSL 
Thorium-230 0.578 

H-751 
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RADION\1CLIDES (PCI/G) 
Th.o ~ iu .. · 2 l 0 
01S Bli 12 - 6 .0) 
Thor iu ,,-2l 0 
Ol SBli \0 ) 

O.H] .. 

D. 434 J 

0158 0 1 (0 _ 2 . 0) 

~""~'!t---< RADI ON\1CUOE S ( PCI/G) 
th o ri u,"-2 l0 O. l i S .. 

~ 
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Ol5 B03 12 6. 0 1 
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(0 - 2 .0) 
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m 

'" 

m 

"" , 
Tetra Tech NUS, Inc. 

THORIUM ISOTOPES DETECTED 
IN SOIL SAMPLES 

SWMU 1 - MUSTARD GAS BURIAL GROUND 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 

N 

, ... ,-

FIGURE 8 



P:IGISINSWC_CRANE\SWMU01.APR TAGS - SOIL ORGANICS 3 LAYOUT 2/0502 AJ 

01US 11 - 1.5) 
SSKIVOLA1'ILE ORGA"ICS IUG/RG) 
Iooufrol. 15~ 

OlTPL 11 - 1.5) 
SEIIIVOLATILE ORGANICS lUG/KG) 
8.n.o la) pyr~". 
Ben.o Ig, h, I) puylen. 
8en.o Ix) !luoronUenQ 
DLbenlo I., h).nthuc~n. 
n""utltheno 
Ind.no 11, 2, 3-od)pyr~n. 
P reM 

5.H J 

'.J J 
14.1 J 

5. 'Ii J 
4 .3~ J 
4.5. J 
U 

RSIlllS DC MIG OAFl AIR ECO 

UIUlS DC MIG DArL AIR ECO 

OlSB12 10 - 2.0) UR£S DC MIG DAFI AIR ECO 

~J.SM9 (0 _ 2.0) 
SEMIVOLA1'ILE ORGANICS (UGllG) 
Bonzo(a)pyron6 
Bon.o (q, h. 11 peryl.~" 
ai. (2-.~hylhexyll phthahte 
Fluonnth.~. 

In<lono (1, 2, J-c<l)pyr.ne 
PESTICIDES/PCB'S IUG/lG) 
Neptachlor 
Ol.BOg 12 - 6.01 
VOUrILE OIlGIINICS lUG/KG) 
" " 2,2-htracllloroethano 
Chlcrnl"n 
S~MIVOLATILE ORGANICS lOG/KG) 
Bh 12_.th~lhuyl) phthalato 
Napbt~al.n. 

PKSTICID~S!PCB'S (UG/KGl 
iI.ptaehlo< 
01SRO~ 

lI.droex 
I. - l~) 

OlSII05 ID - 2.0) 
SEMIVOLATILE ORGANICS lUG/KG) 
lICenaphth.n. 
hosafrol. 
PESTICIDES/PCS'S IUG/XG) 
Kept.chlor 
OlUOS 12 - 6.0) 
PESllCIDU/PCB'S lUG/KG) 
H~ptacblcr 

11.9 
11.8 

"" 3.98 
'.5S 

1.3 J 

, , 
s~oo 

10.2 

1.2 J 

l5.8 
4(;000 

1.4 J 

O. ~6 J 

Rg .... " DC .IIG DAFl AIR ECO 

Dan 

01$e01 10 - 2.01 
PESl'ICIDES/PCB'S IUG/"G) 
Hoptachlor 
~lSaOl 12 - 6.01 
PESTICIDES/PCB'S lUG/KG) 
Hept£ohlO" 
~lsaOl (. - l~) 

Bdrook 

OlSBG3 (0 - 2.01 
Pt51ICrOES!PCa'S (OGllG) 
H.ptaahlor 
Ht!tlllCIOtS lUG/KG) 
<,'-d 
OISHO] 12 - 6.0) 
nt<IVOUUL" ORGANICS lUG/KG) 
9aphthAleno 
PESTIC!OES/PCB'S IUG/RG) 
H.ptaahlo< 
OlSBH 
8~droax 

I. - 10) 

RjUS DC MIG oAFl AIR ECO 

L. 

RORES DC "IG DAYl AIR ECO 

1.3 J 

1,2 J 

015802 (0 _ 2.0) RIR£s t>C MIG DAFl AIR ECO 
P'STICID~S/PCII'S (OG/KG) 
H.ptaohlor 1.2 J 
H'RBICID~S IUG/Ko) 
2,4-d 38 J 

01SB02 12 - 6.0) 
SSMIVOLAT!LE ORGANICS lUG/KG) 
Naphthalene a. a5 J 
PEStIClOES/PCS'S lUG/KG) 

OISBO. 10 - 2.0) 
VOl./l.TIU: ORGANICS lUG/KG) 
2-butanono 
M.t1,yl.ne Chlorido 
S!MIVOLATILB OKGANICS lUG/KG) 
Aoenaphth.no 
lsosatrolo 
01slIO. 12 - ,.0) 
VOLAtILE ORGANICS lUG/KG) 
Ac"~one 

M.thylono Chloride 
SEMIVOl./l.TILI! ORGANICS lUG/KG) 
Ac@tlaphth.". 
PESTICIDES/PCB'S lUG/KG) 
Heptachlor 
OlslIO. 16 - 10) 
VOUtILI! O~GAHICS lUG/KG) 
Acotone 
M.thylon. Chlorid. 
SKMIVOUTILR ORGA"ICS lUG/KG) 
Ac.n. hth.n. 

" " 
;0.8 
3200 

" , " , 
30.3 

. , 
" , 

01S808 (0 - 2.0) 
PESTICIDES/PC8'S lOG/KG) 
Rept.chl"r 
0lSB08 12 - 6.0) 
VOLATILE OKGANICS lUG/KG) 
M@tbyhno Chlorid. 
E"SRGKTICS lUG/KG) 
.~ 

PESTICIDES/PCB'S IVG/KG) 
Ga ..... -chlord.n. 

OlSB05 16 - 8.5) Hoptaohlcr 1 .• J nnICIDES/POB'S (OG/KG) 
Heptocblor ~. 62 J SKMIVOLAnLl! OIlGA~ICS IO<O/KG) OlSB02 16 ~ 9.5) 

OlSB12 12 - 6.0) 
VOLATILE ORIOANICS lUG/KG) 
Ac@tct1e 
M.thylen. chlo<id. 
PE5TICIDES/PCB'S lUG/KG) 
G ....... -ch1ordan. 
OlSB12 16 - 10) 
VOLATILE ORGANIC. lUG/KG) 
Moth lone Chloride 

• " , 
0 .• 2 J [~~!"~'~'~-'~'~';'~"~'~'~':'~"~'~"~'~~'~'~';'~;;t~~~~t~tttlN<> Donotion. 

~lSBO. 10 - 2.0) 
SEMIVOLATILI! ORGANICS lOG/KG) 
Pyron. H., 
nSTICIDES!PCB'S lOG/KG) 
G~_~_ehlor~~n. 0.55 

MRES DC MIG DAYl AIR tCO 

OUBCS I, - 10) 
VOLATILE OIlGANICS IUG/lG) 
lI.th len. Chlorid. 

--------------

01.B13 10 - 2.0) 
VOU!ILE ORGANICS IOG/KGI 

URRS DC MIG OAFI AIR ECO 

2~butonon. 1) J 015B11 (0 _ 2.0) 
MHhylene ChlQnd~ ~ Oaf) VOLAtIlJ! ORGAIIICS lOG/KG) 
Tolu.n. O.rhon Di,ulE"" • 
PE5TICIOES/PCB'S lOG/KG) Mothylono Chlorid. 14 
G."",a-c.hlorci.n. 0.89 SEMIVOLAnU ORGANICS lUG/KG) 
HERBICIDES lUG/KG) ." l2-d .... thylb.". (.) anthracon. 260 
2,4-d 130 Roo fBS'I'ICIDESfPCB'S lOG/KG) 
OlSB13 (2 _ ,.0) G.,...a_ohlorda". 1.1 
VOUTlLE ORGANICS lUG/KG) aERBICIDES lUG/KG) 
A"otc". J. 2,'-d .10 
Methyle". Chlond~ 10 Dan OUBl"] (2 - 6.01 
PESTICIOE5/PCB'S (UG/KG) VOUTILE ORIOANICS lUG/KG) 
Ga_a-chlcrciano 2.1i Ac.tone 11 
OlSBI3 16 - 10) M.tbylen. Chloride ; J 
VOLATILI! ORGAlHCS lOG/KG) 'ES1"ICIDES/.CB'S (OG/~G) 

~c.tono 1., G._.-chlordano O. H 

l.,!";"~';'~'~"'=""~'~".'~"====="='======~"~'l,'===;rl 01Sal; (." '.7) r VOLArILI! OIlGANICS (UG/lG) 
Moton" 14 

OlS811 10 • 2.01 
VOLATILE ORGAMIC. (UG/KG) 
Moton. taO 
Me~hylon. Chloricie 13 J 
SEMIVOUTILE ORGANICS lUG/KG) 
Bi-.(2·ethylhuyl)phthal.to 83 J 
Uoufr"l.. 410 
nSTICIO.S/PCB·S IOG/lG) 
G ...... -chlord.n. 0."lI J 
HEIUlICIOES (OG/KG) 
2,4-ci .9 
OlSBli 12 _ 6.0) 
VOLAtlLE OKGANICS IUG/Ko) 
Ac.ton. 26 
M.thyle". Chlorid. 
PunCIDES/PC8'5 (UG/lG) 
G.-..-chlordan. O. II 
01sn8 16 - 8.0) 
UOl./l.TltE ORGANICS IUGIRG) 
Acetone 42 
M.th len. Chlond. 6 J 

015915 10 - 2.0) 

Mus llC MIG o.on AIR 'CO MQth l.n~ ChlorLd. 4 J 

D.n 
01SSl4 (0 - 2.0) 
VOUTIWl OaGANICS lUG/KG) 
Methylen. Chlorid~ 47 
nsrlcIDESffCB'S (OG/KG) 
Ga.o~_chlorci.ne O. ~ 
OJ.SBH (2 - 6.0) 

Bco VOUTILR ORGAIIICS IOG/RG) 
M.thylen. Chlorld. 5 J 
S~KIVOI.llTILE OIlGANICS lUG/KG) 
Ac.n.phth.n. 14.2 

nan PESTIcm.S/PCII'S (OG/KG) 
G._.-chlordan. O. U 
OlslIH I, - 8.0) 
VOl./l.tILI! ORGANICS lUG/KG) 
M.tb len. Chloride 47 

O.n 

OUBa4 

, , 

D.n 

D.li 

U!lES DC MIG oAF1 AIR ECO 

Dafl 

01SB07 10 - 2.0) 
VOLAULI! oaGANICS (UGIlG) 
~c.~ono 

M.thylon@ Chlond. 
01SB07 (2 - S.D) 
VOLATILI! OaGANICS lOG/KG) 
Ao.ton. 
Mothylen. chlorici. 
PSS1"ICIOES/PCS'S lOG/KG) 
H.ptachlor 
01SB07 
Bedrock 

I~ - lD) 

01SB10 (0 - 2.0) 
VOLAtIU ORG>.!fICS lOG/KG) 
Methylene Chlonci. 
PSS1"IC10ES/PCB'S lUG/KG) 
hptachlor 
015Bl0 (2 - 6.0) 
VOLATILE OIlGANICS lOG/KG) 
MQthylen. Chlondo 
punCIDES/PCB'S (OG/KG) 
HopUohlor 
OlSBIO (6 - 10) 
Bodrook 

OlSSIl (0 - 2.0) 
SEKIVOLATILI! ORGANICS IUG/lG) 
Ru 12-.thy1huyl) pl>thalat. 
Iaosatrolo 
pgSTICIOES/PCS'S IUG/JG) 
H.ptaehlor 
HKRBICIDES (UG/KG) 

01.SB11 12 - 6.0) 
VOLATILE ORIOANICS IlIG/KG) 1-;;;::-=:=~~~:::::=C;"'~:::-;:-::-::-:~:1===~~~ 2,4, 5-TP ISILVEX) 

01.820 ID _ 2.0) M.thyl.n~ Chlorici. 

n--f:"",",~1 VOLAtILE ORGANICS IUG/lG) ::~~!~!~!!/PCB'S IUG/K<O) 

~oo~o~e Chi -ci ~; ; OISBll 16 - 10) 
Mi Dan S:~I~O~;ILE ~~":'CS lUG/KG) Odl :~~T~~~o O~~~i~. IUG/RG) 

I.outrole ~OO 

PESTICIDES/PC8'5 lUG/KG) 
Heptacl>lcr ,. 

MIlllS DC MIG DAFl AIR ECO 

EXPLOSIVE 

MAGAZliIIES 

URES DC MIG DMl All' ECO 

Mig od1 

Miq Dan 

R'RES DC "IG DAYl AIR ECO 

70.6 J 

1. 6 J 

Dan 

R9R!lS DC MIG OAn AIIl tCO 

130 J 
41 J Mig Dan 

" , " , 
1. 5 J 

.. , 
0.'. J 

.. , 
2,00 

l.l J 

" 
1.5 J 

IIiq Dan 

"''''S DC IIIG DAFI AIR ECO 

Dafl 

"'~ Dafl 

U!U:S llC MIG OAFl AI~ ~CO 

Mig Dan 

D.n 

U!lES DC MIG 0 ..... 1 AIR ~CO 

PESnCIOES/PCB'S lUG/KG) 
HOpUchl"r 

R~RES DC MIG DAFl AIR ECO ~lSBI9 (0 - 2.0) 
VOUTILR ORGANICS (UG/KG) 
Aceton. " , , 

01S820 12 _ •• D) 
VOUTILR ORGANICS IUG/~G) 

Methylene Chlorid. 
PESTICIDES/PCB's lUG/KG) 
EopUoh1or 

, , oat1 

KEIUlICIOts (UG/lG) 
2,',S_TP (SILVEX) 5.~ 

01SB15 12 - 6.0) 
VOLllULI! ORGANICS lUG/KG) 
Methylene Chlorici. 
PEsnCIDES/PCII'5 (UG/KG) 
Eoptachlor 2 J 
01S1l15 l' - lD) 
VOLA~ILE ORGANICS lUG/KG) 
Meth len~ Chlori~o l6 J 

Mothyhn. Chlorid~ 
fSSTICIDES!fCB'S IUGllG) 
G._a_cblorci~n~ 

OlSBI9 (2 - 6.0) 
VOUTILR OIlGANICS (UG/K~) 

Ac.~ono 

Mothylon. Chlond. 
OlSlI19 (6 ~ 8.~) 

VOUTILR ORGANICS (UG/KG) 

0.1l 

" , , 

D.ll Moton. 31 

oatl 

D.n 

LO"'"ili'"'.""'~'.'"""<"".' ________ -l'-"' __________ -"O.'"""-____ J 

OlSB20 I, - 8.0) 
VOLATILR ORIOANICS lUG/KG) 
II.thyl.n. Chlorid. 
SEKIVOLATILI! OIlGAIIICS lUG/KG) 
Anthue.n. 
Bon.c la).nthrac.ne 
SO"'''I.lpyr ... 
a.nzo (0) tluoranthene 
Bon,,, I;, h, i)p.rylotl" 
Chryson. 
Fluoranthon. 
Fluorono 
Indeno 11, 2. l_cd)pyron@ 
Phen.nthun. 

" , 
1.' J . , 
n.s 
153 J 
181 J Uru 
318 J 
16~ J 
101 J 
StU J 
22.l 
66.1 
27B J 

Dan 

D.n 

12 - 6.0) 
VOLATILE OIlGAIIICS IUG/lGI 

L. 

M.thyl.no Chloride II 
PESTICIOESfPCS'S IUG/~G) 

<o.-...-eblor<iane 3 J 
Heptachlor 1. ~ 
Oln16 16 - 10) 
VOLA~ILE ORlOA9ICS (UG/KG) 
Mothyhn~ Chlorid. 11 
SEMIVOI.llTlLE ORGANICS (UG/KG) 
Bi. 2-.th Ihu 1 hthal.u 97 

D.n 

P reno l06 J 300 o 300 
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SOIL ORGANICS 
R9RES = EPA Region 9 Resldentlal Prelm~nary Remedlatlon Goal. 
DC = IDEM Tier 1 Direct Contact Valves. 
MIG = IDEM Tier 1 Mxgratron to Groundwater Values. 
DAFl = U.S. EPA SSL Mlgratlon to Groundwater DAF of 1. 
AIR 
EC0 

= U.S. EPA Generic SSL Inhalation Screening Level. 
= EPA Region 5 Ecological Data Quality Level. 
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O1S00, 
SEMIVOLATILE ORGANICS 
Bon'Qla)pyreno 
Bon." Ik) fluoranthon. 
Fl~~r~nth.ne 

ENERGETICS (uq/<q) 
.~ 

1~~/kgl 

7.05 
8.~! 

4. ~3 

134 J" 
~ESUCIDSSIPCII'S IU9/k~) 

HoptaehlQr 1.2 J" 
INOIlG""'CS ltaq/l:q) 

92'10 .. 
"" 0.80 
2630 

URE5 OC MIG DAFt AIR teo BACK 

Dan 
O~fl Baol< 

hox 

Ol3D02 
VOLATILE ORGllNICS luq/kojl 
nienlorodifhorm • .tha"a 3 J" 
ENERGETICS lug/kgl 
HMX 54.2 
PESTICIDES/PCB'S luq/"ql 
lI.ptaohlor 1,7 
HERBICIOES lug/kgl 
2,4,S_tp Isily .. 1 12 
1I10aGANICS I"'gll<gl 
AI .... in"'" 8'190 
IulU"o"y 2.0 J 
Ar .. m.e n.1 
Harium n.4 
hryll1uOl 
C .. Lej~," 

Chro"i\IJI 
Cobolt 
Coppu 
Iron 
Load 
.... 9n .. iu. 
""ng~ne.e 

Niehl 
Pob ... u" 
SoleniWII 

1. 7 J 

'" 4S.1 
28.B 

a.' 
1nOD 
32.0 
106U 
1640 
lS. ~ 

'" .. , 
345 J 

Strontiu.. 8.1 J 
Thdli..... 1.1 
Thori"",-~alo ~.19 

Tin l.' 

ll~RES DC ~IG OAn An ECO BACK 

oafl 
R~ru Dc M'g D .. n 

Dan 

Ddl 

Don 

ad1 

Un. ~i<)' D~fl 

•• d 
B.ct 

Eco Had 
B.et 

Eeo lloe. 

Baek 

B.ek 
Bock 

v.n .. diwa 45. B Bae' 

.... mOIlOCLIDES {pCl/gl . 
Bo<ylliulO 
Calc'u," 
Ch<o",lu", 
c"bdt 
Coppor 
Iron 
toac! 
K&q".~iu .. 
Monqaneso 
Miokol 
Potoniu .. 

'.' 15.3 
10.1 
12500 
16.1 
1200 
1250 
13.1 
623 J" 

Oan 
hnc '"0 ~ 

LZ~:"h~":.~:..:="~"~~"-________ -":":"~~"' ______________________ ·T~·'·'~~~ ""'II 

Sociiu~ 

Stront;u," 
Th<>riu._o .. lc 
Tin 
Van.diu-. 
Oino 

'" 11.2 
7.54 

'.' 18. ~ 

__ ~_~-----, ,,~~i ::: 
~ .. ~ r-- --= 
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D,ehloroC!ifl~oro,..than. 1 
SE!<IVOLATILl!: ORGJ,IHCS lug/kgl 
Un.o Ibilluoun<hano 9. ~5 
ENE!>.GETICs (ug/.gl 

INORG""ICS l!.q!<9) 
AI .... i.nu .. 
Arsenic 
8uiua 
BHylLiu .. 
calei_ 
ChrQ'"'UOl 
Cob .. lt 

i;~~er 
Lead 
M~'P'ui.u .. 
M""qanu& 

'''~''ol 

S.hni~ .. 
Sodiu", 
SUontin 
~ha1liun 

~hodu .. -c~lc 
~in 

V .. nadiun 

.... DIONUCLIDES IpCi/ql 

422 J 

61"10 
27.9 
41.4 
0.65 ... 
IS.0 .. , 
".9 
286UD 
22.2 
10,0 

'" 12.1 
1100 
~. 92 
n. 
10.6 
'-' 
12.4 ... 
20.4 
35., 

R91lE:S DC MIG o.o.n AIR teo BACl 
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Dan 

D .. n 

D .. n 
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B .. ck 
B~ck 

Baelc 

Thonu .. -221 1. og Bac< 
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IIIORGAIIICS { .. q/k~1 
AI"",i""", 
A< ... i.e 
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Buylli" .. 
Colci~'" 

ChroOli"", 
Cobdt 
Coppar 
Iron 
L.~d 

Magun"," 
Mong.nuo 
N,ekel 
Pot .... iu .. 
hl.ni ..... 
Sodium 

Thor\u,"-22i 
ThoriulO-2l0 
Tllori"1I 232 

R6."1 J 

8.6 J 

7470 .. , 
00> 
0.84 
Ino 
H.5 
1"J.8 
1l.0 
20000 
19.1 
1030 
1230 
15.6 
604 J" 
0.65 

'" ~. 6 J .., 
7.'14 ,. 
20.5 
'2.5 

l.Og 
0.532 
0,,24 

MRES nc MIG OAF! AIR EeO BACK 
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Potl 

RADIOHIICLIDES IpCLf<;r1 Ar--~--
(~:~ 0 

'""00'_'" •. '" ~ TnoriuOl-230 O."J~I 0-
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01SD01 URES DC "IG DAFt AIR ECO BAC~ 
SEKIVOLAl'IU ORGANICS 
Ac.n~phth.n. 

luq/I<~I 

Bu.o I.) ."throe.no 
Betl'''la)pyren. 
B~n'Q (b) UUQrontl>one 
au." Ig,h, i) p.rylone 
Sen.o It) fluQxanthene 
Ch<yun. 
"'~<>rantl'.ne 

INDBNO II, 2,3-CO) HRENE 
Pyrone 

PU'l"Clots/rCS'S (U9/<g) 
A.""lor_1260 
H~pt~chlo~ 

HBlIBICII>ES IU,</k'<l 
2,~.S-tp (~ilve.) 

IKORQ"",cs (1O.'l'll:gl 
Ah,,,,,,nu", 
Ar .. ni~ 
hnu .. 
hryUiulO 
calOLu. 
Ch.OlO\U", 
Cobalt 

'" l4.4 
27.5 J 
120 J 
21.8 
H.~ J 
17.3 J 
18,4 J 

l2.8 " , 
" , 
3.1 J 

11100 

'-' Ddl 
D .. n 

hel< 

hek 

~~::er 

~ •. ! 
0.51 
3020 
ll.1 
12.2 
1O.l
IHOO 
16.5 
1820 

.. , 

SOIL ORGANICS 

L .. d 

""q""im. 
Mon<j'u". 
Niekel 
Pot ... i~1I Soloniun 
Sodi~OI 

S~ront1ulI 

Tnalli"" 
T"oriu,"-e~l~ 

"" Vonodi"", 
Zin~ 

AADIONUCLIPSS IpCi/~1 

Thori"II-228 
'l'horio,.-230 
Thori"," 232 

." 
11. ~ 
583 J" 
O. ;~ 
m 
8. '1 J 

" 6,;2 
>.0 
21.0 
H.I 

0.694 
0.9J1 
0.742 

Dafl 

Dan 
Baek 

R9RES EPA Region 9 Residential Preliminary Remediation Goal. 
DC - IDEM Tier 1 Direct Contact Valves. 
MIG IDEM Tier 1 Migration to Groundwater Values. 
OAFI - U.S. EPA SSL Migration to Groundwater DAF of 1. 
AIR U.S. EPA Generic SSL Inhalation Screening Level. 
ECO - EPA Region 5 Ecological Data Quality Level. 
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V pEStiCIDES/PCB'S lug/kgl 
Heptachlor 
HERBICIDU {uqlkgl 

D\~···~·~~---~' ,a~ 
.~ ~~~~~Ci3\~;;~~, 

'-'" ~ ~o N ___ ~~r-~ rc:~!SI~.".",---.. u-, OC~"" 00-" "'-",,-------. ... 
'\ \ ~~~~~::" ORGAIIICS {u<),/kgl 12 J 

SEMIVOLA~ILE ORGllNICS luq/kojl ~ 
01SDOa U"-"S DC "IG nUl AIR BCO BACK Bu>ol.)pyron. 4.97 J 
VOLA~ILE ORGANICS {ug/kgl S.n ... Ibl fl~orontl>.n. 1.7 J 

OichlocodiflUQro •• th .. no 2 J Fl~oranth'n' 5.l9 
n~IVOLATIL" ORGAIIICS {uq/kql houfroh 1600 

::~;~:mr~~~:ntho.no. !;:; -----. '0 -;;: :~mm;r:::::~11Uq/kql 2.5 r-
:1~~~~:~~~~~~:;~~;~~h.l ... ~826J 2,4,Hp loily,xl 11 J Fb'oranthono '1.83 J INORGllNICS 1"'9/kgl 
Pyrone 
IHOAGllNICS I"gl'gl 
Ah.inu .. 
Ar.on,c 
hrin 
Ca1c1u" 
Chro .. i~ .. 
Cobalt 

i;~~er 
Lud 
Maqn •• iu," 
Mangau .. 
Niok.1 
Potu.io,. 
.doniun 
Soc!iu .. 
StroMHllII 
Thalli"", 
T"orl~",-cale 

"" VonadiWl 
Zinc 
R/l.DIOIIOCLIDES {pC'-/~1 

TnoriWl_228 
!nor["",-HO 
Tbori .... _H2 

5.31 J 

l3"JO~ .. , 
10.1 
5520 
17,t , .. 
14.6 
21'100 
28.2 
IHO ". 13.'1 
9B J ... 
'" 14.5 ... 
7.31 

'-' 
31.5 
10.2 

0.181 
1.05 J 
0.821 

Rh ... Dc Don "'. 
Back 

Dan 

bek 
Dan Back 

D .. n 

bek 
Back 

AIU1IIlnWII 
J,r .. n,e 
uri"," 
hryU,uOl 
C.<III.iu~ 

C.le;'" .. 
Cnro.iWl 
Cobdt 
Coppu 
Iron 
Lud 
M~'P'uiu," 

Manq~n .... 
lIiekel 
Pot .... iulll 
Sohni"", 
Sodi". 
StroM.",. 
ThalliUtll 
T"oriull-caie 

vanadiUll 
hnc 
.... DIOIIOCLIDES IpCi/ql 
Thori.u .. -nl 
Tnoriwo._23U 
~"ori.uOl-2J< 

1190 ... .;0 
O. " 
O.H 
1960 
10.2 
n,s 
,.~ J" 
10300 
26._ 
10~0 

1JJO 
11. ) 
U7 J 

0.'5 

'" 8.2 J 
0.51 
6.46 ,., 
U.6 
".8 
0.'105 
1.01 J 
0."118 

n.n bek 

Don 

D .. n 

D .. n 

odl 

hck 
8 .. et 

Bae;; 

Al""inwo. 
Arson,e 
AnU.ony 
IIorimo 
Beryll;'~ .. 
~a1ciu .. 
ChrQ"~"'" 

Coh .. U 

i;~~or 
t .. d 
Ma~nes1u~ 

Hoonqan ... 
Hickel 
htuoiu", 
hleni."", 
""diu .. 
Stront,,, .. 
Th.lli .... 
Thori~,.-eale 

"" 
Zinc 
flIIOIOIIUCLInU {pCi/SI 
~boriu.-228 

Thouu .. -2l0 
~hori\l .. -212 
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SEDIMENT ORGANIC AND INORGANIC 
POSITIVE DETECTIONS GREATER THAN 

UPSTREAM CONCENTRATIONS 
SWMU 1 - MUSTARD GAS BURIAL GROUND 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

0.95 

'.'0 
31. ~ 
1. 2 J 
." 
I. 4 J 
lOOO 
30.5 
25,0 
11.6 J 
• .1100 
24.1 
1520 
1490 
31.1 
815 J 
0.66 

'" 10.2 

'.' 9.30 ,. 
31.5 
;g.> 

O.~3'1 

1.20 
1.11 

o 

URU DC ~IG nArl AIR ECO 

R9ru Dc "'-9 Dan 
Daf1 
Ddl 
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Odl 
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~iq D .. n 
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SOIL ORGANICS 
R9RES = EPA Region 3 Resldentlal Prellmlnary Remedratlon Goal. 
DC = IDEM Tier 1 Direct Contact Valves. 
MIG = IDEM Trer 1 Mlgratlon to Groundwater Values. 
DAFl = U.S. EPA SSL Mlgratlon to Groundwater DAF of 1. 
AIR = U.S. EPA Generic SSL Inhalation Screening Level. 
EC0 = EPA Region 5 Ecolog1w.l Data Qualxty Level. 
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RglES • EPA Req l~ n 9 Re . identl .l Pre l imin. r y ReMed i a tion Goal . 
DC • I DEM Thr 1 Di rect ContaC t Vo l " e • . 
MIG • I DEM Ti • • 1 Mi qration to Groun dwa t e . Value • . 
DAF 1 • u.s. EP A SSL M' qratio n lo Gro undwlta . CAF ot 1. 
All • u.s. EP A Gene r i c SS ~ I nh. l ation Scr •• n lng L,vI l. 
ECO - EPA R,g ion 5 Ecolo gi c al Dau O" .. lity 1.tvI l. 
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01-21 

01-20 
VOLATILE ORGANICS (ug/L) 
1 , I,l,2-tetrachloroethane 
l,I,2-trichloroethane 
Methylene Chloride 
Trichloroethene 

I 
01-24 
VOLATILE ORGANICS 
Trichloroethene 

01-23 

(ug/L) 

30 
0.6 
0.3 
30 

0.4 

J 

J 

J 

J 
J 

NO DETECTIONS 

MeL R9TAP IDEM 

R9tap Idem 
R9tap 

Mel R9tap Idem 

MeL R9TAP IDEM 

NO DETECTIONS 

01-16 ORY 

01-07 
VOLATILE ORGANICS (ug/L) 
Toluene 

01-12 
VOLATILE ORGANICS (ug/L) 
l,I,2 , 2-tetrachloroethane 
Chloroform 
Trichloroethene 

01-13 

230 
9 Bj 
190 

MeL R9TAP IDEM I 
MeL R9TAP IDEM 

Mel 

R9tap Idem 
R9tap 
R9tap Idem 

MCL R9TAP IDEM 

EXPlOSIVE 

MAGAZINES 

01-19 MCL R9TAP IDEM 

\ 
VOLATILE ORGANICS (ug/L) 
1,1,2,2-tetrachloroethane 
Trichloroethene 

9 
8 

J 
J 

R9tap Idem 
Mcl R9ta Idem 

VOLATILE ORGANICS (ug/L) 
1,1,1,2-tetrach1oroethane 
1,1,2,2-tetrach1oroethane 
1,l,2-trich1oroethane 
l,l-dichloroethene 
l,2-dichloroethane 
Chloroform 

5 J 
270 
9 J 
2 J 
10 J 

MeL R9TAP IDEM 

Cis-l,2-dichloroethene 
Methylene Chloride 
Tetrachloroethene 

01-14 
VOLATILE ORGANICS (ug/L) 
1,1,2,2-tetrach1oroethane 
1, 1, 2-trich1oroethane 
1,2-dich1oroethane 
Chloroform 

01-17 
VOLATILE ORGANICS (ug/L) 
1,1,1,2-tetrach1oroethane 
1,1,2,2-tetrach1oroethane 
1, 1, 2-trich1oroethane 
1,1-dichloroethene 
1,2-dichloroethane 
Chloroform 
Cis-I,2-dich1oroethene 
Tetrach1oroethene 
Trans-1,2-dichloroethene 

B 
0.4 
0.3 
0.1 

.... 

J 

J 
J 

0.3 J 
10 J 
0.8 J 
0.4 J 
1 J 

4 J 
1 J 
1 J 
0.7 J 

Trichloroethene 45 J 
SEMIVOLATILE ORGANICS (ug/L) 
Bis(2-ethylhexyl)phtha1ate 5 J 
ENERGETICS (ug/L) 
2, 4, 6-trinitrotoluene 0.127 J 

GW INORGANICS AND ORGANICS 
MCL ~ U.S. EPA Maximum Contaminant Level. 
R9TAP = EPA Region 9 Tap Water Goal. 

MCL R9TAP IDEM 

R9tap Idem 
R9tap 
R9tap 

MCL R9TAP IDEM 

R9tap Idem 
R9tap 
R9tap 
R9tap 
R9tap 

Mc1 R9tap Idem 

R9tap 

IDEM - Indiana Dept. of Env. Mgmt. Default Closure Level. 

030208lP 35 

01-22 
VOLATILE ORGANICS (ug/L) 
1,I,l,2-tetrachloroethane 
1,1,2,2-tetrachloroethane 
1, 1, 2-trichloroethane 
1,I-dichloroethene 
Chloroform 

01-18 
VOLATILE ORGANICS (Ug/L) 
1,1,2,2-tetrachloroethane 
Methylene Chloride 
Trichloroethene 

OlCOl 

J 
150 
4 J 
0.8 
15 

0.3 
3 
2 

J 
J 

J 

J 
J 

J 

0.3 
0.2 
5 J 

SEMI VOLATILE ORGANICS (ug/L) 
Acenaphthene 0.108 
PESTICIDES/PCB'S (ug/L) 
Heptachlor 0.017 

J 
J 

MeL 

J 

J 

Idem 

MCL R9TAP IDEM 

R9tap 

R9tap 

MCL R9TAP IDEM 

R9tao 

CTO 0158 

Mol 

Mel 

Idem 
Idem 
Idem 

01-08 
VOLATILE ORGANICS (ug/L) 
l,l,2-trichloroethane 
Trichloroethene 

01-09 

01-11 
VOLATILE ORGANICS (ug/L) 
l,l,l,2-tetrachloroethane 
l,l,2,2-tetrachloroethane 
1,l,2-trich1oroethane 
l,l-dich1oroethene 
l,2-dich1oroethane 
Chloroform 
Cis-l,2-dich1oroethene 
Tetrachloroethene 

3 
170 
5 
0.7 
4 
15 
5 
6 

Trans-l,2-dichloroethene 2 

J 

Trichloroethene 180 J 
SEMIVOLATILE ORGANICS (ug/L) 
Acenaphthene 0.0896 J 
Bis(2-ethylhexy1)phthalate 15 J 
Butyl Benzyl Phthalate 9 J 
Naphthalene 0.103 J 
PESTICIDES/PCB'S (ug/L) 
Heptachlor 0.023 J 

MCL R9TAP IDEM 

R9tap 
R9tap 
R9tap 
R9tap 
R9tap 
R9tap 

Idem 
Idem 

Mel R9tap Idem 

Mcl R9tap Idem 

Mc1 R9tap Idem 

R9ta 

0.6 J 
J 

MCL R9TAP IDEM 

R9tap 
R9tap 

NO DETECTIONS 

R9TAP IDEM I MeL 

J 

MCL R9TAP 

Tetrachloroethene 
Trichloroethene 
SEMIVOLATILE ORGANICS 
Acenaphthylene 
Fluorene 
Hexachloroethane 
Naphthalene 
ENERGETICS (ug/L) 
2-nitroto1uene 

01-04 

(ug/L) 

38000 
840 J 

370 J 
16000 

0.763 
0.0593 
5 J 
0.579 

0.202 

SEMIVOLATILE ORGANICS (ug/L) 

J 

Acenaphthene 0.0793 

9 J 
9 J 
0.2 
2 J 
2 J 
0.3 Trans-1,2-dichloroethene 

Trich1oroethene 
SEMIVOLATILE ORGANICS 
4-nitrophenol 

550 
(ug/L) 

15 
ENERGETICS (ug/L) 

J 

4 amino-2 6-dinitrotoluene 0.263 

01-01 
SEMIVOLATILE ORGANICS (ug/L) 
Bis(2-ethy1hexyl)phthalate 7 
ENERGETICS (ug/L) 

J 

HMX 0.201 
PESTICIDES/PCB'S (ug/L) 
Gamma-chlordane 0.025 

(ug /L) 

J 

J 
J 

J 

J 

J 

J 

J 

1 01-03 
PESTICIDES/PCB'S 
Gamma-chlordane 0.075 J 

Mol 
Mol 
Mol 

R9tap 
R9tap 
R9tap 
R9tap 

R9tap 

Idem 
Idem 
Idem 
Idem 

MCL R9TAP IDEM 

MCL R9TAP IDEM 

Mel 
R9tap 
R9tap 
R9tap 

R9tap 

Idem 
Idem 

Mel R9tap Idem 

MCL R9TAP IDEM 

Mel R9tap Idem 

MCL R9TAP IDEM 
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01-21 

~ 

Trichloroethene 30 J MCL 

I 01-24 MPT Dci 

01-19 MCL 49TA? : 
VOLATILE ORGANICS (ug/L) 
l,l,l,Z-tetrachloroethane 5 J R9zac : 
1,1,2,2-tetrachloroethane 270 R9:az 
1,1,2-trlchloroethane 9 J MC1 Ft9taa - 
l,l-dlchloroethene 2 J R9tau 
1,2-dlchloroethane 10 LJ 
Chloroform 

MCI RYti; - 
27 J R9-aD 

r~s-1,2-dlchloroethene 79 T 
I _- Methylene Chloride 0.4 J 

Tetrachloroethene 
VOLATILE ORGANIC.3 ("g/L) 
1,1,1,2-tetrachloroethane 2 ,, 

trachloroethane 32 

01-14 MCL R9TAP IDEM 
VOLATILE ORGANICS (ug,L) 
1,1,2,2-tetrachloroethane 8 
1,1,2-trlchloroethane 

R9tap Idem 
0.4 J 

1,2-dlchloroethane 
R9tap 

0.3 J 
Chloroform 

R9tap 
0.1 J 

Cls-1,2-d~chloroethene 0.9 J 
Trans-1,2-dlchloroethene 0.3 J 
Trlchloroethene 20 Mel R9tap Idem 

0.3 J 
10 J 
0.8 J 
0.4 J 
1 J 

R9tap Iden 
R9tap 
R9tap 
R9tao 

4 J R9tap 
1 J 
1J 
0.7 J 
45 J Mel R9tap Idem 

) 
Trlchloroethene 
SEMIVOLATILE ORGANICS ("g/L 
Bls(Z-ethylhexvl)phthalate 5 J 
ENERGETICS (ugjL)- 
2,4,6-trinitrotoluene 0.127 J 

R9tap 

01-17 
VOLATILE ORGANICS ("9,~) 
1,1,1,2-tetrachloroethane 
1,1.2,2-tetrachloroethane 
1,1,2-trichloroethane 
l,l-dlchloroethene 
1,2-dlchloroethane 
Chloroform 
Cls-1,2-dlchloroethene 

MCL R9TAP IDEM 

Tetrachloroethene 
Trans-1,2-dichloroethene 

01-22 MCL R9TAP IDEM 
LATILE ORGANICS (ug/L) 
1,1,2-tetrachloroethane 2 J 

1,1,2,2-tetrachloroethane 
R9tap Idem 

150 J R9tap Idem 
1,1,2-trxchloroethane 4 J 
l,l-dlchloroethene 

R9tap 
0.8 J 

Chloroform 
R9tap 

15 J 
ClS-1,2-drchloroethene 

R9tap 
4 J 

Methylene Chloride 0.3 J 

P:\GIS\NSWC-CRANE\SWMUOl.APR TAGS - GROUNDWATER ORGANICS 2 LAYOUT 2/14/02 AJ 

etrachloroethene 3 J 

1 
R9tap 

030208/P 

01-15 MCL R9TAP IDEM 
VOLATILE ORT.ANTCS ,nn,L) 
1,l ,2,2-tetrachloroethane 

1 1 1,1,2-trlchloroethane 
250 
14 J / , t 

Trichloroethene 310 MC1 R9tap Idem 

SEMIVOLATILE ORGANICS (ug/L) 
0.108 J 

/PCB'S (ug/L) 

GW INORGANICS AND ORGANICS 
MCL = U.S. EPA Maxunum Contaminant Level. 
R9TAP = EPA Region 9 Tap Water Goal. 
IDEM = Indlana Dept. of Env. Mgmt. Default Closure Level. 

35 CT0 0158 

TAGS - GROUNDWATER ORGANICS 2 LAYOUT 2/14102 AJ 

Tr I ch i 0 .oet hene 

01-14 
VOLATILE ORGANICS lug /L) 
1,1,l,2-tetrachloroe~hono 

I, 1 , 2-t r icl'llo r oe tho n. 
1.2 -~ichloroeth.ne 

Chl oro t crm 
Cis - l,l-d lchlorClthone 

• o. • o. , 
o. , 
:;; 

, , , , , 

"" 

, , 
" , , 
" , 

RnAP 

RhoI' 
R9tep 
R'top 

"" 

'" 

lOt .. 

Ide .. 

01 17 MCL ~9r"'P lOt!'! 
VO LATILE ORGANICS (ug/L) 
l , t,I,2-tetrlchloroethane 
!, 1,2. 2-tetrlchlorolthone 
1 .1,2-tr lehlor oethon. 
1 , I-dich!oroethene 
1, 2-dichloroethonl 
Chlorcfcr '" 
Ch - I, i-dichioroothene 
Tettoch loroethenl 
Tun.-1,2-dichloroethene 
Trich lo r oethene 

luq/L) 

GW INORGA~ICS A~O ORG~~ IC S 

0.3 ;; 
00 , 
0,1 J 
0 .4 J , , , , , , , , 
0.1 J " , , , 
o. '" 

MCL .11.5. EPA Mulau,. Cent.minent ~e .. el. 
RtTAP • EPA Ro 'l ion 9 Tap Wot e r Gool, 

Rttop Ide" 
R9top 
RhoI' 
R9top 
R9top 

Md R9t op Ide" 

R9t&p 

IOEM • I ndion. Oept . of Env . "' gm t . Oefault Clo.ure Level. 

030208/P 35 

IItTAP !DtM 

R9up 1<1."" 
Rtup Ide", 

I 01-21 

01 -20 
VOLATILE ORGANICS ( U~/L) 

t , I,2 , 2-tetrochloroethan. 
1 , 1, 2-trichloroethln. 
l'Ie t hylono Chlori~o 
Tr;'chioroethene 

1

01 -24 
VOLATILE ORGANICS 
Tr1chloroethene 

01-23 

01-19 
VOLATILE ORGMICS (u'l/L) 
1, t , I, 2- t .. tuchloro@thene 
1,1,2,2 - tet,ochloroethono 
I, I, 2- tr iCl'lloroet ha~e 
1 ,1-~lchlorooth.~e 

1,2-dichlor oetl'l.ne 
Chlorofor .. 
CII-l , 2-dlchloroethene 

, , 

MUhylone Chlorld .. 
Tetrochlor oethene 
Trono-l,2-dlchloroet hene 
Tricl'lloroetl'lene 

no 
• , 
" " • o. , 
• , 
'" 

, , 
, 
, , 

" o .• 
U 

" 
o .• 

, , 
, 

, 
I!C~ 

, , , , , , Met , 
~, " , 

Rh .p ! 

UtiI' : 
l'I cl 1'.''"1' : 

Utop 
Mel R9t1p ! 

R9t1p 

119np 
119n Ide", 01-26 

01-21 
VOLATILE ORGA~ICS IU9/Ll 
1,1,1,2-tetrOchlorotth.ne 
I , 1,2 , 2- tetnCh loroethone 
1,1,2-trichlcro .. thane 
I.t-dichloroethene 

, 
'" 

" """""~ 
"" R9T lo.F IDt.'1 P 

, IIttip I~e,. 

~ 
, R9t1p IdOm , , IIttip 

0. ' , IIttip 
Chlo r o to.a " 

, 1'.9<01' , , 
o. , , , , R9t1p , , 

CII-!,2- dichlorOOthlne 
Mlthy l ene Chloride 
Tetr.chloroethene 
Trons- I.2-dichloroe t henl 
T rlc~,! oroethl ne 

Ol-U 
VOLATILE ORGANICS (ug/L) 
1, I , 2, 2-tetroCh l o r oethone 
I. I, 2-trichloroethanl 
TrichlorOethene 

01-21 

'" 
, 

'" " 
, 

no 

"' 

"" R9u Id ... 

I~ 
"" R9!1I.P ,,~ 

IIttip Ide", 

"" RhoI' Ide .. 

"" RHo I d ... 

~:~~ ~- , ORGANJCS 4o'q/L) 
i~1~·2;2 - tet ,oChloroeth.ne 

~~ ~~~;~ne Chloride 

ORGANICS (uq /L ) 

(uq/L) 

OI:TECTIONS 

0.3 J 

~.2 J J 

0. 10B J 

""~ 
R9 t op 

'" 
MC L R9TAP ID EH 

"Co, 

eTa 01 58 

r , 

, 
; , , , , 

'-' 



1-12 MCL R9TAP IDEM 
JLATILE ORGANICS (“g/L) 
.1,2,2-tetrachloroethane 230 R9tap Idem I 

ILE ORGANICS (ug/L) 
1,1,2,2-tetrachloroethane 9 J 

rchloroethene 8 LJ Mel R9tap Idem 

EXPLOSIVE 

MAGAZINES 

01-02 MCI. R9TAP IDEM 
VOLATILE ORGANICS ("g/T,) 
1,1,2,2-tetrachloroethane 38000 R9tap Idem 
Chloroform 840 J Mel R9tap Idem 
Tetrachloroethene 370 J Mel R9tap Idem 
Trichloroethene 16000 Mel R9tap Idem 
SEMIVOLATILE ORGANICS ("q/L) 
Acenaphthylene 

Hexachloroethane 
Naphthalene 

0.763 
0.0593 J 
5 J R9tap 
0.579 

01-04 
SEMIVOLATILE ORGANICS ("o/L, 

LE ORGANICS (ug/L) 
2-tetrachloroethane 3 

MCL R9TAP IDEM 

R9tau Idem 
2-tetrachloroethane 170 R9tap Idem 
trlchloroethane 5 R9tap 
chloroethene 0.7 J R9tap 
chloroethane 4 R9tap 

#form 15 R9tap 
P-dlchloroethene 5 
hloroethene 6 Mel R9tap Idem 
1,2-dichloroethene 2 
oroethene 180 J Mel R9tap Idem 

lLATILE ORGANICS (ug/L) 
hthene 0.0896 3 
ethylhexyl)phthalate 15 J Mel R9tap Idem 
Benryl Phthalate 3 J 
a1ene 0.103 J 
IDES/PCB'S (ug/L) 

'hlor 0.023 J 

DRAWN BY DATE 
A JANOCHA l/22/02 

CHECKED BY DATE 

T JOHNSTON 2/11/02 

COST/SCHEDULE-AREA 

I I I 
SCALE 

AS NOTED 

R9tap I 

cl 
lk Tetra Tech NUS, Inc. 

GROUNDWATER ORGANIC% 
SWMU 1 -MUSTARD GAS BURIAL GROUND 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

1,1,2,2-tetrachloroethane 3 J R9tap Idem 
1,1,2-trlchloroethane 3 J Mel R9tap Idem 
l,l-dlchloroethene 0.2 J R9tap 
Crs-1,2-dlchloroethene 2 J 
Tetrachloroethene 2 J R9tap 
Trans-1,2-d=chloroethene 0.3 J 
Trlchloroethene 550 J Mel R9tap Idem 
SEMIVOLATILE ORGANICS ,uo,L, 
46nitrophenol 

SEMIVOLATILE ORGANICS lug/L) 
Bls(Z-ethylhexyl)phthalate 7 J Mel R9tap Idem 
ENERGETICS ("g/L) 
HMX 0.201 J 
PESTICIDES/PCB'S (ug/L) 

CONTRACT NUMBER OWNER I 
3959 

APPROVED BY DATE 
- - 

APPROVED BY DATE 

- 
DRAWING NO 

FIGURE 13 

IO!M 

I d." 

". 

ORGANICS (v,,'L) 

ORGANI~S Iv,, 'L) 
\ , 1 , 2.2- ~ .~r~c ~ loro.t ~.~~ 

CHoro f or. '" , . j 
R5 Up IdoIl 
R9up 

M~L 'OEM 

ORGANICS Iv,, 'L ) 

-L£ ORGAN ICS (vq/L) 
2-tetrachloroethana 
2-t.tr.chlo ro.~h.no 

-tr iChlo r oethana 
c h loro .. htn. 

, 
'" , 
0.1 J 

Chloroethan e 4 
,fon. 15 
~-<I;'ch ' oroethene 5 

:h lorOat hene 6 
1 ,2-dichlc r oet hene 2 
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Figure 18. Time series of select VOC concentrations in the two most contaminated wells: a. 
Well 01-02; b. Well 01-05. Plotted concentrations are averages over all sampling rounds within 
each year. 
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Figure 18. Time series of select vee concentrations in the two most contaminated wells: a. 
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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 mglkg 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 I 
Default Residential and Commercial/Industrial Soil Closure Levels, and USEPA SSL for 
migration to groundwater (DAF I), and the Basewide background concentratibns. 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 reiease increases. Second, Figure A-l 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 yielding 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 mglkg to 20.2 mg/kg. All but one of those values 
is less than the background subsurface soil 95195 UTL of 8.2 mglkg. 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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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 yielding 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-l. Comparison of Arsenic Site Data with NSWC Crane Basewide Background Data. 
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Figure A-1. Comparison of Arsenic Site Data with NSWC Crane Basewide Background Data. 
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