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. This section describes the SWMU 5 (Old Burn Pit) site investigation, physical characterization, nature and 

extent of contamination,human and ecological risk assessments, and conclusions. References to other 
. . 

. sections of this RFI report .are provided for relevant background information and general data evaluation 

procedures. 

5.1 BACKGROUND INFORMATION 

.' . 

Section 1 .4.2 contains a description of the Old Burn Pit. Section 1.5.2 contains a description of historical 

data collection activities.' Section 1.6.2 summarizes information on constituents found in environmental 

media that may be attributable to historical operations at SWMU 5. These constituents of concern- were 

used as the basis for the SWMU.5 site investigation described in this section. 

5.2 SITE INVESTIGATION 

The primary objective of, the field investigation was tb collect field and laboratory data to evaluate the 

potential risks for human and ecological receptors identified in the CSM discussed in Section 5.6 and 5.7. 

Figure 5-1 includes the sample locations. Table 5-1 summarizes the sampling and analysis program for 

SWMU 5,' 

As depicted on Table 5-1, environmental samples collected from the site were analyzed for a 

comprehensive field and laboratory analytical program .. Field parameters were collected for ground water. 

and surface water samples. Typical water-quality indicator parameters, such as turbidity, were collected 

in the field. Soil samples were screened for VOCs using monitoring equipment (PID). 

Soil, sediment, surface water, and ground water samples were collected and analyzed for the full list of. 

Appendix IX constituents (VOCs,SVOCs; pesticides, PCBs, 'inorganics), as well as other miscellaneous 

inorganics. Surface water samples were also analyzed for total and dissolved ihorganics, hardness, and 

TSS, and sediment samples were analyzed for TOC to assist in assessing the potential risks for 

ecological receptors. Additionally, soil characteristic parameters (CEC, pH, and TOC) were collected' to 

determ'ine the likelihood of the potential fate' and transport of c~ntaminants at the site (and the potential 

for risks outside the site boundaries). Ground water samples were not analyzed for dissolved inorganics 

since low-flow sampling procedures were used to minimize sample turbidity. 
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As noted previously, Figure 5-1 illustrates the sampling locations for the field investigation at the Old Burn 

Pit. The rationale for the collection of these samples is as follows: 

• Surface/subsurface soils (Borings) (16): Three soil borings were placed in the burn pit. Five soil 

borings were placed in the gully north of the burn pit where residual ash and metal debris were 

buried. Collocated surface (8) and· subsurface (7) soil samples were obtained at each of these 

locations for a total of 15 soil samples. At one location (SB08), it was not possible to collect a 

subsurface soil sample. A sample was obtained from the surface (0 to 2 feet bgs) and at a 

subsurface depth (not greater than 10 feet bgs). As detailed in the final paragraph of Section 3.2.1 of 

the Field Sampling Plan located in Attachment A of the RFI Work Plan, potentially up to four 

additional soil sample locations were proposed for SWMU 5. This provisional soil sampling was 

proposed as a way to refine the northern boundary of the site based on a ,site reconnaissance. 

During the site reconnaissance there was insufficient evidence of disposal activities to warrant . 

sampling at the provisional locations. 

• Ground water (15): Twelve of the existing monitoring wells (05-01 through 05-04, 05-06 through 

05-09, 05-13, 05-15, 05-16, and 05-19) at the site were sampled. Three new monitoring wells were 

installed and sampled during this field effort. Well 05T01, located at the southeastern site boundary, 

was used in conjunction with well 05-01 to evaluate ground water quality upgradient of the burn pit 

and burial area. Well 05T03 was installed on the western boundary of the site to evaluate ground 
! . 

water quality immediately downgradient of the site. Well 05T02 was installed south of the site to 

evaluate the impact of the paleostream channel on ground water migration. 

• . Surface water and sediment (5): Collocated surface and sediment samples were collected from five 

locations. One location, 05SW/SD01, is outside the norttiern boundary of the site in the unnamed 

tri~utary and was sampled to evaluate upstream conditions. Three locations were sampled outside 

near the western (05SW/SD03 and 05SW/SD04) and southern (05SW/SD05) site boundaries in 

unnamed tributaries. These locations address downstream conditions. One location (05SW/SD02) 

was used to monitor stream conditions in the gully at the site. This sample was located in an 

unnamed tributary at the gully northwest of the burn pit. 

. Section 2 contains details of field sampling procedure and field documentation: 

The data collected during the field investigation were used to assess potential risks for human and 

ecological receptors exposed to site media under current and/or future land use. A description of how the 

data obtained during the field investigation were managed prior to the risk assessment is presented in 
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Section 3.1. General methodologies and techniques used to calculate potential risks for the site are 

provided in Sections 3.3 (human health) and 3.4 (ecological). 

5.3 PHYSICAL CHARACTERISTICS ' 

'5.3.1 Topography/Hydrology 

The topography at the Old Burn Pit consists of undulating terrain dissected by many small drainageways. 

Surface runoff from the Old Burl') Pit drains into Culpepper Branch Creek, a tributary of Furst Creek. 

'Several dendrital drainageways exist in the northern portion,of the SWMU that convey surface water from 

, the northeast to the west; toward a stream that flows through a culvert beneath the road and railroad 
. . . . P 

tracks that form the western border of the SWMU. The stream joins with several other streams to form a 

larger tributary stream that flows south ultimately discharging into the Culpepper Branch. Another' 

drainageway is located in the southwest corner of the SWMU that flows southwest toward Culpepper 

Branch. 

5.3.2 Geology 

Most of SWMU 5 is' situated in the dissected alluyial valley of Culpepper Branch Creek. Soils 

representil')g two depositional environments have, been mapped at the SWMU by Kvale, 1992, including 

residual soilder~ved .from the Pennsylvanian in the SWMU area and alluvium in the floodplain along the 

south flowing tributary stream to Culpepper Branch Creek located west of theSWMU. Glacial outwash 

has also been mapped both southeast and further west of the SWMU. 

Two.hydrogeologic cross-sections have been developed for the Old Burn Pit at locations shown on 
, 

Figures 5-2, 5-3, and 5-4. Borings shown on these figures consist of those installed by TtNUS and three 

historical borings installed by the US Army Corps of Engineers (USACE). The USACE installed Borings 

were 05/03-1, 05/03-2, 05/03-4, and 05/03~5. The encountered subsurfac~ materials included'ml, Ilatural 

unconsolidated materials, and the Pennsylvanian bedrock. The' fill was encountered in borings in the 

north-central portion of the SWMU and extended to a maximum depth of 10 feet bgs. The fill consisted of 

glass, metal, wood, metal, and ash mixed with sand and silt. Natural unconsolidated materials underlie 

the, fill ,and exist at the ground surface where the fill is not present. The natural unconsol,idated materials 

, consist predominantly of fine materials including varying amounts of clay, silt, and sand derived from 
, , 

Pennsyl~anian bedrock. 'The nCltural unconsolidated materials extend to approximately 45 feet bgs,' 
, , 

where Pennsylvani~n bedrock consisting of shale was encountered in borings (05/03-01 and 05/03-04) 

• advanced to this depth. 
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Ground water is present beneath the Old Burn Pit at depths from less than 5 feet bgs in low areas near 

surface water bodies.· Depth to ground water increases to greater than 20 feet in depth at the higher 

elevations. Ground water exists in the natural unconsolidated materials and was not found in the fill. 

Shallow ground water flow direction in the natural unconsolidated materials is generally to the northwest 

toward a tributary of Culpepper Branch and to the southwest toward Culpepper Branch, as shown in 

Figure 5-5. The gradient of the potentiometric surface is about 0.04. Information on ground water in the 

deeper bedrock at this SWMU is unknown since no wells are installed in ,the bedrock. Moni~oring well 

construction details for this SWMU are included on Table 2-2. 

5.4 NATURE AND EXTENT OF CONTAMINATION 

Soil (surface and subsurface), ground water, surface water, and sediment samples were collect~d from 

SWMU 5 and analyzed for the presence of site-related contamination during the investigation phase of 

this RFI. Based on analytical data obtained during this investigation, the nature and extent of 

contamination in the soil,· ground water, surface water, and sediment at SWMU 5 are discussed on a 

matrix-specific basis in the following subsections. 

Soil samples at each SWMU were classified according to the soil types defined in the NSWC Crane 

Basewide Soil Background Study (TtNU8, January 2001). Each soil type is defined by the characteristics 

of soil parent material (depositional environment), depth (surface or subsurface), and grain size (sand, 

silt, or clay). The soil types were gathered into soil groups that reflect different classifications of soil 

. throughout NSWC Crane. SWMU surface soils are classified as Group 3 and subsurface soils are 

Classified as Groups 8 and 9. The following are descriptions of these soil types: 

• Group 3 - Alluvial, Mississippian, and Pennsylvanian Surface Soil 

• Group 8 - Pennsylvanian Subsurface Clay and Silt 

• Group 9 - Pennsylvanian Subsurface Sand 

Metal concentrations in each soil group from a given SWMU were compared to metal concentrations from 

the corresponding background soil group. These comparisons used the entire data set from the 

background study for a given soil group and all SWMU samples of the corresponding. soil group. The 

outcome of each comparison was a classification of each metal at a given SWMU as being statistically. 

determined to be either elevated or not elevated relative to background concentrations, unless the data 

indicates that the contaminants (e.g., laboratory related) are from non-site related sources. 
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No backgr9und samples were collected for ground water, surface water, and sediment; however, at least 

~ne: upgradient sample per medium was lcollected. These u'pgradient samples are treated as background 

and direct comparisons tothese upgradient values are discussed in the ground water, surface water, and 

sediment sections. 

The SWMUs 4," 5; 9, and 10 work plan (TtNUS August 2000a) provides a tabular summary and text 

discussing historical analytical 'results for SWMU 5 media. These data are not included in this nature and 

extent discussion because they were not used in the risk assessment. , However, some relevant 

discussion from the work plan is referenced in this nature and extentdiscussion for SWMU 5. 

5.4.1 Surface Soil 

As explained in Table 5-1 and Section 5.2, eight surface soil samples were collected to evaluate the 
. . 

nature and extent of contamination. All eight surface soil samples were analyzed for Appendix IX VOCs, 

Appendix IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, Appendix IX 

dioxins/furans, TAL metals (plus tin), and cyanide. Additionally, one surface soil sample was analyzed for , 
. CEC, pH, and TOC. 

Table 5-2 presents a summary of the results reported for compounds detected in the surface soil samples 
. '. . . 

collected from SWMU 5. Table 5-3 presents a summary of descriptive statistics for surface soil detections 

including range of detections, frequency of. detection, location of maximum, and comparison to 

background. Appendix E-1.2 contains a copy of the entire analytical database for SWMU 5 surface soil. 

Figures 5-6 and 5-7 present a geographical depiction of organic and inorganfc detections in surface. soil, 

respectively. If the concentration of an organic or inorganic chemical exceeded a risk-based or applicable 

regulatory concentration criterion, a flag (e;g., R50QL) on the tag at the affected sampling location shows· 

thiS on Figure 5-7. If an inorganic chemical was detected at a particular location and the site data set for 

that chemical was elevated as compared to the corresponding background data set (Soil Group 3), the 

result was flagged with "BACK" at all locations where samples from Soil Group 3 were collected. If 

'''BACK'' does not appear next .to the result' for an inorganic chemical, it means that the chemical was 

detected at that location but the chemical concentrations for that soil. group are not elevated relative to 

,backg round concentrations . 
'. . 
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· Volatile Organic Compounds 

Eight VOCs (1,1-dichloroethene, benzene,cis-1,2-dichloroethene, methylene chloride, tetrachloroethene, 

trans~1,2-dichloroethene, trichloroethene, and vinyl chloride) were detected in the surface soil samples. 

The detected VOCs are common solvents and gasoline-related compounds. -1,1-DichI6roethene, 

benzene, trans-1,2-dichloroethene, and vinyl chloride were detected in sample 05SB060102 only, at 

concentrations of 13 Ilg/kg, 5 Ilg/kg, 29 Ilg/kg, and 5 Ilg/kg, respectively. Cis-1,2-Dichloroethene and 

tetrachloroethene were detected in samples 05SB060102 and 05SB080102. Concentrations of 

cis-1 ,2cdichloroethene were 8 Ilg/kg to 2,800 Ilg/kg, with the maximum detection in sample 05SB060102. 

Concentrations of tetrachloroethene were 3 Ilg/kgto 7 Ilg/kg; with the maximum detection in sample 

05SB060102. Methylene chloride was detected in samples 05SB020102, 05SB030102, and 

05SB080102, each at a concentration of 41lg/kg in each. Trichloroethene was the most frequently 
. .. .-

detected VOC. Trichloroethene was detected in samples 05SB0301 02 (4 Ilg/kg); 05SB0501 02 (7 Ilg/kg),. 

· 05SB0601 02 (5,100 Ilg/kg) , 05SB070102 (360 Ilg/kg),. and 05SB080102 (1,200 Ilg/kg). All detected 

VOCs, except methylene chloride, were detected in sample.05SB060102. Additionally, the maximum· 

detected concentrations of all VOCs, except methylene chloride, were found in sample 05SB060102. 

· Samples 05SB050102, 05SB060102, 05SB070102, and 05SB080102 all yielded detectabl~ 

concentrations of VOCs;these samples are all located in the north-central portion of SWMU 5, within 

approximately 250 feet of each other. 

Sample 05SB040002 was collected in the vicinity of the most upgradient ground water well (05-01) . 

. location; this sample did not contain any VOCs. Sample 05SB080002, the most downgradient soil boring 

with respect to groundwater flow, yielded detectable concentrations of cis-1,2-dichloroethene (8 Ilg/kg) , 

. methylene chloride (4 Ilg/kg) , tetrachloroethene (3 Ilg/kg), and trichloroethene (1,200 Ilg/kg). As noted 

above,trichloroethene was detected frequently and, in 2 samples (05SB060102 and 05SB080002), at 

concentrations in excess of 1,000 Ilg/kg. Concentrations of trichloroethene in excess of 1,000 Ilg/kg 

indicate that some disposal actions have occurred. The presence of the other chlorinated hydrocarbons 

such as vinyl chloride may be attributable to natural degradation of tetrachloroethene and trichloroethene. 

Methylene chloride is a common environmental laboratory solvent. . It was detected in three of eight 

samples and at a low concentration (Le., 4 Ilg/kg) . . The concentrations of methylene chloride are similar 

to those found in laboratory blanks. See Section 3.1.4.2 for a detailed· discussion of methylene chloride 

found in laboratory blanks. 
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Seventeen PAHs and bis(2-ethylhexyl) phthalate were detected in surface soil samples .. Bis(2-ethylhexyl) 

phthalate was detected in samples 05S8050002 and 05SB060002 at concentrations of 3,400 ~g/kg and 

930 ~g/kg, respectively. Maximum detected concentrations of the 17 PAHs ranged from 16 ~g/kg. 

(acenaphthene) to 2,400 ~g/kg (pyrene). PAHs were detected in from one to seven surface soil samples. 

Analysis of sample 05SB050002 yielded the maximum detectable concentrations of 14 of the 17 detected 

PAHs. The majority of the PAHs were detected in samples 058B010002, 05SB020002,05SB030002, 

05SB050002, 05SB060002, and 05SB070002. 

Acenaphthylene (16 ~g/kg) was detected in sample 05SB030002.Acenaphthene and fluorene were 

detected in samples 05SB010002, 05SB050002, and. 058B060002. Naphthalene and 

2-methylnaphthalene were detected in samples 05SB010002, 05SB020002, 05SB030002, 05SB050002, 

and 05SB060002. Anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 

. benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and phenanthrene .. 
. ~ . 

. were detected in samples 05SB01 0002,058B020002, 05SB030002, 05SB050002, 05SB060002, and 

05SB070002. Benzo(b )fluoranthene, fluoranthene, and pyrene were detected in samples 05SB010002, 

05SB020002, 05SB030002, 05SB050002, 05SB060002, 05SB070002, and 05SB080002. 

The maximum detected concentrations of anthracene (340 ~g/kg), benzo(a)anthracene (950 ~g/kg), 

benzo(a)pyrene (820 ~g/kg), benzo(b)fluoranthene (790 ~g/kg), benzo(g,h,i)perylene, (350· ~glkg), 

benzo(k)fluoranthene (670 ~g/kg), chrysene (91 0 ~g/kg), dibenzo(a,h)anthracene (180 ~g/kg), 

fluoranthene (2,200 ~g/kg), fluorene (11 0 ~g/kg), indeno(1,2,3-cd)pyrene (360 ~g/kg), phenanthrene 

(1,700 ~g/kg), and pyrene (2,400 ~g/kg) were found in sample 058B050002. Sample 05SB010002 

contained the maximum detected concentration of acenaphthylene and the.second highest 

concentrations of 10 of ·17 of the deteCted PAHs. PAHs were detected in all samples across the site 

except sample 05SB040002, which did not contain detectable PAH concentrations. As shown in Figure 
. . 

5-6, sample 05SB050002 was collected in the north-central portion of the site and sample 058B010002 

was collected in the vicinity of the former burn pit. The PAHs may be related to site burning operations 

because PAHs are typical by-products of inc.omplete combustion. 

Pesticides/PCBs 

4,4'-DDE was the only pesticide detected in the surface soil samples. 4,4'-DDE was detected in sample 

05SB080002 (6.7 ~g/kg). This sample is located in the main gully, which is in the northwestern portion of 
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SWMU 5. The nature of typical pesticide usage, the low concentration (i.e., less than 10 Ilg/kg), and the 

infrequent detection could reflect topical applications of pesticides. 

Additionally, according to the work plan for SWMUs 4, 5, 9, and 10 (TtNUS, August 2000a) in the context 

of historical pesticide detections at SWMU 5, pesticides may not be site related constituents, but may, in 

fact, be attributable to 8asewide insect control measures. 

Aroclor 1254 was detected in samples 05S8050002 (220 Ilg/kg), 05S8060002 (150 Ilg/kg), 05S8070002 

(100 Ilg/kg), and 05S8080002 (240 Ilg/kg). These samples are all located in the northern portion of the 

site in the vicinity of the main gully. The presence of Aroclors in surface soil are likely to be a result of 

past site disposal/burning activities. 

Herbicides 

The herbicides 2,4,5-T and pentachlorophenol were detected at SWMU 5. 2,4,5-T was detected in 

samples 05S8060002 (10 Ilg/kg) and 05S8080002 (16 Ilglkg). Pentachlorophenol was detected in 

samples 05S8020002 (2.7 Ilg/kg), 05S8030002 (2.4 Ilglkg), 05S8050002 (12 Ilg/kg), 05S8060002 

(4,5 Ilg/kg), and 05S8070002 (5.8 Ilg/kg). As shown in Figure 5-6, the locations of 'these samples are 

scattered across SWMU 5. According to the work plan for SWMUs 4, 5, 9, and 10 (TtNUS, August 

2000a), in reference to historical herbicide detections, it was common practice to treat areas alongside 

roadways with a ,mixture of herbicide,~ and waste fuel oils, which could be a potential non-site-related 

source of herbicides. 

-
Dioxins/Furans 

, \ 

\ 

Seventeen dioxin/furan congeners were detected in the eight surface soil samples analyzed; analytical 

results for seven mixtures were also reported. Concentrations of the hepta-, hexa-, and penta-chlorinated 

congeners ranged from 0.28 ng/kg (1,2,3,6,7,8-HxCDF in 05S8040002) to 541 ng/kg (1,2,3,6,7,8-HpCDF 

05S8060002). Concentrations of OCDD ranged from 415 ng/kg to 5,050 ng/kg, with the maximum in 

sample 05S8080002. Concentrations of OCDF ranged from 8.5 ng/kg to 313 ng/kg, with the maximum in 

sample 05S8060002. Ten of the 17 detected dioxin/furan congeners were detected in seven or ail eight 

of the surface soil samples. All 17 congeners were detected in sample 05S8060002. Sixteen of the 17 

detected congeners were present in sample 05S8050002. Fifteen of the 17 detected congeners were 

found in sample 05S8070002. Maximum detected concentrations of 16 of the 17 detected congeners 

occurred in sample 05S8060002. Consequently, sample 05S8040002 contained the fewest dioxin/furan 

congener detections. 

110110/P 5-8 CTO 0010 

• 

• 



• 

•• 

• 

NSWCCrane 
RFI Report for SWMUs 4,5,9,10 

Revision: 4 
Date: July 2005 

. Section: 5 
Page 9 of 103 

. 8ample locations 058B05, 058B06, and 058B07 cont"ained the greatest concentrations of dioxin/furan 

congeners. These locations are in the northern portion of the site, just north of the main gully. The 

2,3,7,8-TCDD toxicity equivalents (TEas) ranged from 0.68 ng/kg (058B040002) to 226 ng/kg' 

(058B060002). , Dioxin/furan compounds are often found in environmental media as a result ofnaturai 

(e.g., forest fires) and anthropogenic activities (i.e., they are by-products ot" various combustion and 

chemical processes). The octa- and hepta-chlorinated congeners are generally detected more frequently 

in background environmental medfa:- s,ampJ.es and at higher concentrations than. the tetra-, penta-, and 

hexa-chlorinated congeners. The concentrations detected in th~se surface soil/samples are likely .to. be 

attributabl~ to burning processes carried· out at 8WMU 5. The 2,3,7,8-TCDD TEas reported from' 

locations 058B01 (6.5ng/kg), 058B02 (4.3 ng/kg), 058B04 (0.68 ng/kg), ahd 058B08 (6.11 ng/kg) are 

similar to background soil concentrations reported in the . literature; however, concentrations in the 

remaining samples are in excess of background literature. JThe arithmetic mean TEO concentration 
I' . '. . 

detected in soil samples representing background· conditions in the United 8tates is estimated to be 

8 ng/kg (AT8DR, 1997).] 

Metals 

Twenty metals were detected in the surface soil samples~. Beryllium, sodium, selenium, and thallium were 

not detected in any of these surface soil samples. Of the 20 detected metals, aluminum, arsenic, cobalt, 

magnesium, manganese, nickel, and vanadium were detected in all eight samples at concentrations 

. statistically determined to be similar to background concentrations. potassium was also detected at 

concentrations stati~tically determined to be similar ~o. baCkground-~~ncentrations;however, only five 

samples yielded deteCtable potassium conce~t-ration's. Three of the detected metals (calcium, 

magnesium, and potassium) are considered to be essential nutrients and will not be discussed any 

further. 

Barium, chromium, copper, iron, lead, mercury, and zinc were .all detected in all eight samples at 
. . 

concentrations statistically determined to exceed background. The maximum detected concentrations of 

. these metals, except.mercury, were found in sample 058B060002. The maximum detected concentration, 

of mercury occurred in sample 058B010002. Barium was detected at concentrations ranging from . 

74.img/kg to 2,020 mg/kg. Chromium concentrations ranged from 10.4 mg/kg t0112 mg/kg. Copper 

was detected at concentrations ranging from 11.7 mg/kg to 1,520 mg/kg. Iron was detected at 

concentrations ranging from 15,600 mg/kgto 105,000 mg/kg. Lead was detected at concentrations 

ranging from 15.2 mg/kg to 16,900 mg/kg. Mercury concentrations ranged from 0.04 mg/kg to 

0.43 mg/kg. Zinc was detected at concentratiom;' ranging. from 26.6 mg/kg to 5,100 mg/kg. 
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Concentrations of barium, copper, iron, lead, and zinc were generally one order of magnitude larger in 

sample 05SB060002 than in the other surface soil samples. 

Antimony, cadmium, silver, and tin were detected in samples at concentrations statistically determined to 

exceed background. Silver was detected in samples 05SB030002 (2.8 mglkg), 05SB060002 (7:5 mg/kg), 

and 05SB070002 (1.8 Ilg/kg). Antimony and tin were detected in every sample except 05SB040002. 

Concentrations of antimony ranged from 3.2 mg/kg to 301 mg/kg; the maximum concentration' was in 

sample 05SB060002. Concentrations of tin range~ from 13.2 mglkg to 849 mglkg, the maximum 

concentration in sample 05SB080002. Cadmium was detected in six of eight samples. Concentrations of 
, ' 

. cadmium ranged from 1.6 mg/kg to 31.1 mg/kg, with the maximum occurring in sample 05SB060002. 

As shown in Figure 5-7, metals detections in surface soils are frequent and are spatially distributed 

across the entire site. Sample 05SB040002 contained the fewest metals and at concentrations lower 

, than those found at the other locations. All 20 metals were detected in sample 05SB060002. Metals 

concentrations in sample 05SB060002 were in most cases one order of magnitude higher than 

concentrations detected in all the remaining samples, which would be consistent with the observation that 

metal shavings were present in that sample. The concentrations of several metals (antimony, barium, 

cadmium, chromium, copper, lead, silver,and zinc) were high enough to suggest that location 

05SB060002 might be a hot spot. According to the Work Plan for Risk Assessment at SWMUs 4, 5, 9, 

and 10 (TtNUS, August 2000a), the site is littered with metals debris and decomposing drums. 

Miscellaneous Parameters' 

Cyanide was not detected in surface soil samples; The TOC in sample 05SB040002 was 1,700 mg/kg. 
.' I 
The CEC of sample 05SB040002 was 13 MEQ/100 g. The pH of sample 05S8060002 was 5.1, which is 

slightly acidic. 

5.4.2 Subsurface Soil 
\ 

,As detailed in Table 5-1 and Section 5.2, 14 subsurface soil samples were collected at seven locations to 
, ~ 

evaluate the nature and extent of contamination. All seven subsurface soil samples were analyzed for 

Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX 

'herbicides, ~ppendix IX dioxin/furans, TAL Metals (plus tin), and cyanide. Additionally, three subsurface 

soil samples were analyzed for CEC, pH, and TOC. 
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Table 5-4 presents a summary of the positive results reported for compounds detected in the subsurface 

soil samples collected from 8WMU 5. Table 5-5 presents a summary of descriptive statistics for positive 

" subsurface soil detections including: range of detections, frequency of detection, location of maximum, 
'. \. . 

and comparison to background. Because two different soil groups comprise subsurface soil. at this 

" 8WMU, the table displays an exceedance of background concentrations if either soil group exceeded i"ts 

respective background values. Figures described below indicate background exceedances for soil group

specific background comparisons. Appendix E-1.2 contains a copy of the entire analytical database for; " 

8WMU 5 subsurface soil. Figures 5-8 and 5-9 present a geographical depiction of organic and inorganic 

detections" in subsurface soil, respectively. If the concentration of an organic or inorganic chemical 

"exceeded a risk-based or applicable regulatory concentration criterion, a flag (e.g:, R5DQL) on the tag 

" map at the affected sampling location is shown on the figure. If an"inorganic chemical was detected at a 

particular location and the site data set for that chemical was elevated as compared to the corresponding 

background data set (80il Group 8 or 9), the result was flagged with "BACK" at all locations where 

samples from that soil g"roup were collected. If "BACK" does not appear next to the result for an inorganic 

"chemical, it means that the chemical was detected at that location but the chemical concentrations for 

that soil group are not elevated relative to background concentrations . 

Volatile Organic Compounds 

Twelve VOCs (1, 1-dichloroethane, acetone, benzene," chloroethane, cis-1,2-dichloroethene, 

" " ethylbenzene, methylene chloride, toluene, trans- ~ ,2-dichloroethene, trichloroethene, vinyl chloride," and 

xylenes) were detected in the subsurface soil samples. Most of the detected VOCs are common solvents 
" -

and gasoline-related compounds. 1, 1-Dichloroethane, chloroethane, ethylbenzene, toluene, and trans-

""1 ,2-dichloroethene wer~ detected in sample 058B030507 only at concentrations of 140 Ilg/kg, "48 Ilg/kg, 

19 j..1g/kg, 27 j..1g/kg, and 7 j..1g/kg, respectively. Acetone, benzenEl, and xylenes were detected in samples 

058B030507 and 058B050608.Concentrations of acetone ranged from 48 j..1g/kg to 54 j..1g/kg, with the 

maximum detection occurring in sample 058B030507. Col1centrations of benzene ranged from 3 Ilg/kg 

to 17 Ilg/kg with the maximum detection "in sample 058B030507. Concentrations of xylenes ranged from 

10 Ilg/kg to 61 Ilg/kg, with the maximum detection in sample 058B030507. Methylene chloride was 

detected in samples 058B030507 and 058B040204 at concentrations of 42 "j..1g/kg and 4 j..1g/kg, 
" " 

"respectively. Trichloroethene was detected in samples 058B030507, 058B060608, and 058B070608 at 

concentrations of 9llg/kg, 13 Ilg/kg, 9 Ilg/kg, respectively. Cis-1 ,2-dichloroethene and vinyl chloride were 

detected in samples 058B010810, 058B030507, 058B050608, and 058B060608. Concentrations of .' '. 

cis'::1,2-dichloroethene ranged from 5 Ilg/kg to 130 Ilg/kg with the maximum occurring in sample 

058B01 081 O. Concentrations of vinyl chloride ranged from 7 Ilg/kg to 160 Ilg/kg with the maximum 

occurring in sample 058B060608. 
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All 12 detected VOCs were present in sample 05S8030507, and the maximum detected concentrations of 

nine of these 12 detected VOCs were found in this same sample. Four of the 12 detected VOCs were 

present in ·sample 05S8050608. Three of the 12 detected VOCs were present in sample 05S8060608. 

Sample 05S8030507 is located iil the immediate vicinity of the old burn pit, and samples 05S8050608 

and 05S8060608 are located just north of the main gully where burn pit ash was buried, these samples 

are also located within 100 feet of each other. 

Sample 05S8040002 was collected in the vicinity of the most upgradient ground water well (05-01), and 

this sample contained only methylene chloride at a concentration of 4jlg/kg. Sample 05S8070608, was 

collected· in a downgradient location with respect to ground water flow, yielded only a detectable 

. concentration of trichloroethene (9 jlg/kg). As noted above, trichloroethene was detected frequently in 

surface soil and in some instances at concentrations in excess of 1,000 jlg/kg. In subsurface soil, 

ti"ichloroethene was also detected but not as frequently nor at the elevated concentrations noted in 

· surface soil. However, several natural degradation products of t~trachloroethene and trichloroethene 

(i.e., ds-1,2-dichioroethene and vinyl chloride) were detected frequently and, in so~e· instance;, at 

concentrations in excess of 50 jlg/kg .. Concentrations of cis-1 ,2-dichloroethene and vinyl chloride were 

elevated in both the vicinity of the burn pit and in the vicinity of the main gully in which burn pit ash was 

disposed. These chlorinated hydrocarbons are likely to be attributable to past disposal and burning 

activities at S\,\,MU 5. Concentrations of methylene chloride are likely to be attributable to laboratory 

blank contamination, see Section 3.1.4.2 for a detailed explanation. 

Semivolatile Organic Compounds 

Seventeen PAHs, 4-methylphenol, and bis(2-ethylhexyl) phthalate were detected in subsurface soil 

· samples .. 8is(2-ethylhexyl) phthalate was detected in samples 05S8020406 (940 jlg/kg), 05S8030507 

(1,600 jlg/kg), 05S8050608 (1,110 jlg/kg), and 05S8060608 (1,900 jlg/kg). 4-Methylphenol was detected 

in samples 05S8S8020406. (460 jlg/kg) and· 05S8060608 (770 jlg/kg). Maximum detected 

concentrations of the 17 PAHs ranged from 45 jlg/kg (acenaphthene) to 3,100 jlg/kg (pyrene). PAHs. 

were detected in from one to six of seven subsu.rface soil samples. Analysis 9f sample 05S8040204 

yielded no detectable. PAHs. Analysis of sample 05S8070608 yielded the maximum detec~able 

concentrations of nine of the 17 detected PAHs. PAHs were most frequently detected in samples 

05S8020406, 05S8050608, 05S8060608, and 05S8070608. 

Dibenzo(a,h)anthracene (130 jlg/kg) was. detected in sample 05S8070608 only. 8enzo(k)fluonlnthene 

· was detected in sampl~s 05S8020406 and 05S8070608, at concentrations of 50 jlg/kg and 530 jlg/kg, • 
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respectively. Fluorene and anthracene were detected in three of seven samples· at maximum 

concentrations of 84 ~g/kg and 89 ~g/kg, respectively. 2-Methylnaphthalene, .chrysene,phenanthrene,· 

and ,pyrene were detected in samples 058B020406,. 058B030507, 058B050608, 058B060608, and 

. 058B070608. Phenanthrene and ·pyrene were ·also· detected in 058B010810. Fluorene and 

benzo(b)fluoranthene were detected in samples 058B010810, 058B020406, 058B050608, 058B060608, 

and 0588070608. Acenaphthylene, benzo(a)anthracene, . benzo(a)pyrene, benzo(g,h,i)perylene, 

indeno(1,2,3~cd)pyrene, and naphthalene were detected in samples 058B020406, 058B050608, 

058B060608, and 058B070608 .. 

the maximum detected concentrations of anthracene (89 ~g/kg), benzo(a)anthracene (730 ~g/kg), 

benzo(a)pyrene (650 ~g/kg),benzo(b)fluoranthene (960 ~g/kg), benzo(g,h,i)perylene, (260 ~g/kg), 

benzo(k)fluoranthene (530 ~g/kg), dibenzo(a,h)anthracene (130 ~g/kg), fluoranthene (830 ~g/kg), and 

indeno(1,2,3-cd)pyrene (240 ~g/kg) were found in sample 058B070608. Maximum detected 

concentrations of 2-methylnaphthalene (2,500 ~g/kg), chrysene (1,500 ~g/kg), naphthalene (1,200 ~g/kg), 

phenanthrene (2,800 ~g/kg), and pyrene (3,100 ~g/kg) were found in sample 058B030507. PAHs were 
.. . 

detected in· all samples across the site except sample 058B040002, which did not contain detectable 

PAH concentrations. .8ample 058B010810contained very few PAHs [i.e., benzo(b)fluoranthene, 

fluoranthene, phenanthrene, and pyrene]. In general the. concentrations of PAHs in surface and 

subsurface soil were similar. In surface soil, the concentrations of PAHs were found· at location 058B05 

(near the main gully where burn pit ash was buried), and in subsurface soil the concentrated PAH 

detections were f?und at 058B03 (located near the former, burn pit) and 058B07 (located near the main· 

gully). These sample locations are illustrated in Figure 5-8. The PAHs m-ay be related to site burning 

operations as PAHs are typical by-products of. incomplete combustion and would be expected in the 

vicinity of the burn pit and the ash burial area. PAHs were not detected in. a sample collected in the 

vicinity of the most upgradient ground water well. 8ample 058B070608 was collected in the vicinity of the 

. most downgradient ground water well. 

Pesticides/PCBs 

4,4'-000, dieldrin, and ~ethoxychlor were the. only pesticides detected in the subsurface soil samples. 

4,4' -DOD was detected in sample 0588020406 (8 ~g/kgr Dieldrin was detected in sample 058B050608 

("7'~4 ~glkg). Methoxychlor was detected in samples 058B060608 and 058B070608 at concentrations of 

28 ~g/kg and 49 ~g/kg, respectively. These samples are located near the former burn pit and near the 

main gully. These pesticide compounds were not detected in surface soil. 
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Aroclor 1254 was detected in samples 05SB060608 and 05SB070608 at concentrations of 670 Ilg/kg and 

150 Ilg/kg, respectively; Aroclor 1260 was detected in sample 05SB050608 at a concentration of 

640 Ilg/kg. These samples are all located in the northern portion of the site in the vicinity of the main 

gully. Aroc,lor 1254 was also detected in surface soil. The presence of Aroclors 'in subsurface soil is likely 

to be a result of past site disposal and burning activities. 

Herbicides 

'Pentachlorophenol was the only herbicide detected in SWMU 5 subsurface soil. Pentachlorophenol was 

detected in samples 05SB01 081 0 (1.5 Ilg/kg), 05SB020406 (3.0 Ilg/kg); 05SB050608 (2.4 Ilg/kg), 

05SB060608 (3.3 Ilglkg), and 05SB070608 (4.8 Ilg/kg). As shown in Figure 5-8, the locations of these 

samples are scattered across SWMU 5. 

Dioxins/Furans 

Seventeen 'dioxin/furan congeners were detected in the seven subsurface soil samples that were 

analyzed; analytical results for seven mixtures were also reported. Concentrations of the hepta-, hexa-, 

and penta-chlorinated cong~ners ranged from 0.22 ng/kg (2,3,4,7,8-PeCDF in 05SB040810) to, 

1,590 ng/kg (1,2,3,4,6,7,8-HpCDF 05SB030507). Concentrations of OCDD ranged from 58.1 ng/kg to 

1,760 ng/kg with the maximum in 05SB070608" Concentrations of OCDF ranged from 0.26 ng/kg to 

477 ng/kg with the maximum in 05SB070608. F}ve of the 17 detected dioxin/furan congeners were 

detected in six or seven of the seven subsurface soil samples. All 17 congeners were detected in 

samples 05SB030507 and 05SB070608. Twelve of the 17 detected congeners were present in samples 

05SB0204,06 and 05SB060608. Eight of the 17 detected congeners were found in samples 05SB01 081 0 

and'05SB0400204. Sample 05SB050608 contained the fewest dioxin/furan detections (five of 17 

congeners). Maximum detected concentrations of 10 of the 17 detected congeners occurred in sample 

05SB030507, and seven of the 17 congeners occurred in sample 05SB070608~ 

, Sample locations 05SB03 and,05SB07 contained the greatest concentrations of,dioxin/furan congeners. 

Location 05SB03 is in the vicinity of the former burn pit, and 05SB07 is located in the northern portion of 

the site just north of the main gully. The 2,3,7,8-TCDD TEQs ranged from 0.81 ng/kg (05SB040204) to 

464 ng/kg (05SB030507). Dioxin/furan compounds are often found in environmental media as a result of 

natural (e.g., forest fires) and anthropogenic activities (Le., they are by-products of various combustion 

and chemical processes). The octa- and hepta-chlorinated congeners are generally detected mO,re 

frequently in background environmental media samples and at higher concentrations than the tetra-, 

penta-, and hexa chlorinated congeners. The concentrations detected in these subsurface soil samples 
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are likely to be attributable to burning processes carried out at 8WMU 5. The 2,3,7,8-TCDD TEas 
, ' ' 

reported from locations 058801 (0.98 ng/kg), 058804 (0.81 ng/kg), 058805 (9.2 ng/kg), and 058802 

(10.8 ng/kg) are similar to background soil concentrations reported in the literature; however 

, concentrations in the remaining samples are in excess of background literature. [fhe arithmetic mean 

TEO concentration detected in soil samples representing background conditions in the United 8tates is 
. . : . . 

estimated to be 8 ng/kg (AT8DR, 1987).] 

'Metals 

Twenty-one metals were detected in the subsurface soil samples. 8eryllium, selenium, and thallium were 

,not detected in any of these subsurface soil samples. 'Of the 21 detected metals, aluminum,cobalt, 

magnesium,and vanadium were detected in all seven samples at conc~ntrations statistically determined, 

to be similar to background concentrations. Potassium was also detected at ,concentrations statistically 

determined to be similar to background concentrations; however, only five samples yielded detectable 

, potassium concentrations. Additionally,' four of the detected metals (calcium, magnesium, sodiuni, 'and 

potassium) are considered to be essential, nutrients and will not be discussed any further . 

8arium, chromium, copper, iron, lead, manganese, nickel, and zinc were all detected in all seven samples 
, ' 

at concentrations statistically determined to exceed background. The maximum detected concentrations 

of arsenic, chromium, copper, lead, and zinc were found in sample 0588060608. The maximum detected 

concentrations of barium; iron, manganese; and nickel were found in sample 0588030507. Arsenic was 
. '. . 

detected at concentrations ranging from 2.9 mg/kg to 12.2 mg/kg. 8arium concentrations ranged from 

30.3 mg/kg to 1,430 mglkg. Chromium was detected at concentrations ranging from 5.7 mglkg to 

110 mg/kg. Copper concentrations ranged from 8.1 mg/kg to' 6,370 mg/kg. Iron was detected at 

concentrations ranging from' 11,400 mg/kg to 72,900 mg/kg. Lead was detected at concentrations 

'ranging from R2 mg/kg to 2,860 mg/kg. Manganese concentrations ranged form '157 mg/kg to 

1,070 mg/kg. Nickel concentrations ranged from 8.8 m~/kgto 50.5 mg/kg. Zinc was detected at 

concentrations ranging from 25.9 mg/kg to 3,01 ° mg/kg. Maximum detected concentrations of metals 

found in samples 0588060608, and 0588030507, were generally one order of 'magnitude larger than in 

the other subsurface soil samples. 

Antimony, cadmium, mercury, silver, and tin were detected in, several samples at concentrations 

statistically determined to exceed background. 8ilver was detected in samples 05880200406 

(1.7 mg/kg), 0588030507 (16.1 mg/kg), 0588060608 (2.7 mg/kg), and 0588070608 (3.8 mg/kg). 
. . . . 

Cadmium, mercury, arid tin were detected in five of seven samples. Cadmium concentrations ranged 

from 1.8 mg/kg to 27.9 mg/kg. The mercury concentrations in all samples were less than 1 mg/kg, except 
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in sample 0588050608, which contained 93.2 mg/kg of mercury. Tin concentrations ranged from 

14 mg/kg to 324 mg/kg. Antimony was detected in every sample except 05S8040204. Concentrations of 

antimony ranged from 0.9 mg/kg to 208 mg/kg, with the maximum concentration in sample 05S8060608. 

· Maximum detected concentrations of antimony, arsenic, chromium, copper, lead, tin, and zinc were found 

in sample 05S8060608.,' Maximum detected c;oncentrations for barium, cadmium, cobalt, iron, 

manganese, nickel, silver, and vanadium were found in sample 05S8030507. The maximum detected 

concentration of aluminum was found in sample· 05S8040204, and the maximum detected concentration 

· of mercury was found in sample 05S8050608. As shown in Figure 5-9, metals detections are frequent 

and are spatially distributed across the entire site; samples collected near the main gully (058S050608 

· and 05S8060608) and the old burn pit (samples 05S8020406 and 05S8030507) contained higher 

concentrations than the remainder of the samples. Sample 05S8040204 contained the fewest metals 

and at concentrations lower than those found at- the other locations. All 21 metals were detected in· 

samples 05S8020406 and 05S8060608. Mercury and lead detections in samples 058S050608 and 

05S8060608 were high enough to suggest these locations might be hot spots. According to the Work· 

Plan for Risk Assessment at SWMUs 4,5, 9, and 10 (TtNUS, August 2000a), the site is littered with 

metals debris and decomposing drums. 

Miscellaneous Parameters 

Cyanide was not detected in subsurface soil samples. The TOCs ranged from 1,500 mg/kg to 

23,000 mg/kg. The CECs ranged from 3.2 MEQ/100 g to 11 M!;Q/100 g. The pHs ranged from 7.2 to 

7.6, which is neutral. 

5.4.3 Ground Water 

As detailed in Table 5-1 and Section 5.2, 14 ground water samples were collected to evaluate the nature 

and extent of contamination. All ground water samples were analyzed for Appendix IX VOCs, Appendix 

IX SVOCs, Appendix IX pesticides, Appendix IX PC8s, Appendix IX herbicides, Appendix .IX 

dioxin/furans, total TAL metals (plus tin), and, cyanide. Samples 05GW0301 and 05GW1301 were 

analyzed for dissolved TAL .Metals. Sample 05GW01 Ol was collected and it is the SWMU 5 upgradient 

ground water sample. 

Table 5-6 presents a summary of the positive results reported for compounds detected in the ground 

water samples collected from SWMU 5. Table 5-7 presents a summary of descriptive statistics for 

positive ground water detections, including range of detections, frequency of detection, location of 
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maximum, and comparison to. upgradient concentrations. Appendix E.1.2 includes a copy of the entire 

analytical database for SWMU 5 ground water. Figure 5-10 presents a geographical depiction of organic 

and inorganic detections in ground water. If the concentration of an organic or inorganic chemical 

exceeded a risk-based or applicable regulatory concentration criterion, a flag (e.g., R9TAP) on the tag 

map at the affected sampling location is shown on the figure. If a detected organic or inorganic chemical 

· concentration at a particular location exceeded the upgradient concentration, this was indicated with a 

"UP" flag at the affected location.· If "UP" does not appear on the tag map it means the chemical was 

detected at that location, but the concentration was less than the upgradient concentration. 

Volatile Organic Compounds .. r 

Chloroform and cis-1,2-dichloroethene were each detected in these SWMU 5 ground water samples. 

Chloroform was detected in sample 05GWT0101 at a concentration of 1 ~g/L. Cis-1,2-dichloroethene 

was detected in sample05GW1501 at a concentration of 3 ~g/L. No other \,iOCs were detected· in 

SWMU 5 ground water samples. 

· Sample 05GWT0101 is the southeastern most ground water sample location at SWMU 5. This location 

could, in addition to location 05GW01, be Gonsideredupgradient. No VOCs were detected in the site 

background sample 05GW0101. Chloroform was not detected in surface or subsurface soil samples .. 

Sample 05GW1501 is located in the western portion of the site, downgradient from surface and 

subsurface· soil locations (e.g., 05SB060002) ,that contained significant concentrations of 

cis-1 ,2-dichloroethene and trichloroethene. At:3 ~g/L, cis-1 ,2-dichloroethene was the only VOC detected 

in sample 05GW1501. 

Semivolatile Organic Compounds . 

Bis(2-ethylhexyl) phthalate· was detected in sample 05GW0801 at a concentration. of 11 0 ~g/L. 

Bis(2 ethylhexyl) phthalate was· also detected in surface and subsurface soil locations, 058B05. and 

058B06, at concentrations ranging from 930 ~g/kg to 3,400 ~g/kg. Well 05GW08is downgradient of 

these soil boring locations. No other SVOCs were detected in SWMU 5 ground water. 

· P~sticides/PCBs 

No pesticide/PCBs were detected in SWMU 5 ground water samples. 
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Herbicides 

No herbicides were detected in SWMU 5 grourid water samples. 

DioxinlFurans 

OCDD, OCDF, 1,2,3,4,6,7,S-HpCDD, and 2,3,7,S-TCDD and analytical results for three mixtures were. 

reported. OCDD was detected in 10 of 14 samples at concentrations ranging from 6.1 pg/L to 269 pg/L 
. . 

with the maximum in sample 05GW1301. OCDF was detected in sample 05GW1301 at a concentration 

. of 6.S pg/L. 1 ,2,3,4,6,7,S-HpCDD was detected in samples 05GW1301 and 05GW1501 at concentrations 

of 12.2 pg/L and 7.1 pg/L,respectively. 2,3,7,S-TCDD was detected in samples 05GW1501 and 

05GWT0301 at concentrations of 6.3 pg/L and 11.3 pg/L, respectively. 

The 2,3, 7,S-TCDD TEas ranged from 1.72 pg/L to 15.9 pg/L, with the maximum in sample 05GWT0301. 

The maximum 2,3,7,S-TCDD TEO is below the federal MCL (30 pg/L). These compounds were also 

detected in surface and subsurface soil from this site, however, dioxin compounds are immobile in most 

soils and are not expected to leach into the ground water (ATSDR, 19S7). 

Metals 

Aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium, manganese, selenium, sodium, 

vanadium, and zinc were the only metals detected in these ground water samples. The maximum 

detected. concentrations of all these aforementioned metals, except zinc, were· in excess of their 

respective upgradient concentrations .. Three of the detected metals (calcium, magnesium, and sodium) 

are considered to be essential nutrients and will not be discussed any further .. 

Copper, lead, vanadium and zinc were all detected in sample 05GW0301 at concentrations of 4.9 Ilg/L, 

4.1 IlglL, 4.9 Ilg/L, and 25.5 1l9/L, respectively. Selenium was also detected in only one sample, 

05GWT0301, at a concentration of 1.4 Ilg/L. 

Aluminum was detected in samples 05GW0301 (2,320Il9/L) and 05GW1301 (341 Ilg/L). Arsenic was 

de~ected in eight of 14 samples at concentrations ranging from 0.12 Ilg/L to 1.6 Ilg/L, with the maximum 

concentration in sample 05GW1501. Manganese was detected in ten of 14 samples at concentrations 

ranging from1S.3llg/L to 2,270 Ilg/L, with the maximum in sample 05GW1501. Iron was detected in 13 

of 14 samples at concentrations ranging from 150 .llg/L to 4,440 Ilg/L, with the maximum in sample 

05GW0301. Barium was detected in all 14 sample·at concentrations ranging from 36.11lg/L to 227 Ilg/L, 

with the maximum in sample 05GW0701. 
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Maximum detected concentrations of aluminum, copper, iron, lead, vanadium, and zinc occurred in 

sample 05GW0301. Maximum detected concentrations of arsenic and manganese were found in sample 

05GW1501. The maximum detected concentration of barium was found in sample 05GW0701 and the 

maximum selenium as in 05GWT0301. Metal concentrations across SWMU5 ground water are »imilar. 

As shown in Figure 5-10, there not does appear to be a pattern of metals contamination, in the ground 

water. These metals were also detected in surface and subsurface soil samples at SWMU 5. 

Samples 05GW0301 and 05GW1301 were also analyzed for dissolved metals. Barium, calcium, iron, 

magnesium,. manganese', and sodium were detected in the (jissolved samples. The concentrations of 

these metals were similar to the concentrations detected inthe total analysis. 

Miscellaneous Parameters 

Cyanide was not detected in these ground water samples. 

5.4.4 Surface water . 

As detailed in Table 5-1 and Section 5.2, four surface water samples were collected to evaluate the 
. '. . 

nature and extent of contamination. All surface water samples were analyzed' for Appendix IX VQCs, 

Appendix IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, Appendix IX 

dioxin/furans, total and dissolved TAL metals (plus tin), cyariide, hardness, a'nd total suspended solids. 

Sample 05SW01 01 was selected to represent the SWMU 5 upgradient surface water sample. 

Table5-B presents a summary ·of the positive results reported for compounds detected in the surface 

water samples collected from SWMU 5. Table 5-9 presents a summary of descriptive statistics for 

positive surface water, detections including range of detections, frequency of detection, location of 

maximum, and comparison to upgraqient sample concentrations. Appendix E.1-2 contains a copy of the 

entire a'nalytical database for SWMU 5' surface water. Figure 5-11 presents a geographical depiction. of 
. . 

organic and' inorganic detections in surface water. If the concentration of an organic or inorganic chemical 

exceeded a risk-based or applicable regulatory concentration criterion, a flag (e.g., R9TAP) on the tag 

. map at the affected sampling location is shown on the figure. If a detected organic or inorganic chemical 

concentration at a particular location exceeded the upgradient concentration, this was indicated with a 

"UP" flag at the affected location. If "UP" does not appear on the tag map it means the che~ical was 

detected at that location, but the concentration was less than the upgradient concentration . 
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Volatile Organic Compounds 

The VOCs 1, 1-dichloroethene, cis-1 ,2-dichloroethene, trans-1 ,2-dichloroethene, trichloroethene, and vinyl 

chloride were detected in SWMU 5 surface water samples. 1, 1-Dichloroethene was detected in sample 

05SW0201 at a concentration of 2 I1g/L. Trans-1,2-dichloroethene was detected in 05SW0201 (9 119/L) 

and 05SW0301 (3 119/L). Trichloroethene was detected in 05SW0201 (120 119/L) and 05SW0301 

(48119/L). Vinyl chloride was detected in 05SW0201 (85' 119/L) and 05SW0301 (18 119/L). 

Cis-1,2-Dichloroethene was detected in samples 05SW0201 (290 I1g/L ) , 05SW0301 (110 119/L) , and 

05SW0501 (1 119/L). 

These VOCs were also detected in surface soil, subsurface soil, and ground water samples at SWMU 5. 

Maximum detected concentrations of VOCs were found in surface soil samples from locations 05SB06, 

05SB07, and 05SB08 which are all located approximately within 250 feet of each other, and in sample 

05SW0201. Sample 05SW0201 is located slightly northwest of these surface soil locations. Additionally, 

the ground water well 05GW15, which contained cis-1,2-dichloroethene at 3 I1g/L, is located between 

sample locations 05SW02 and 05SW03. 

It is unusual to find VOCs at these elevated concentrations (i.e., greater than 100 119/L) in surface water • 

samples. One would expect that VOCs would be diluted or would evaporate in a surface water 

environment. An explanation could be that a seep containing VOCs is discharging into the surface water. 

At the time the sample was collected the surface water was iced over. VOCs would have been prevented 

from volatilization by the ice. 

Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate was detected in sample 05SW0201 at a concentration of 2 I1g/L. No other 

S\(OCs were detected in SWMU 5 surface water. Bis(2-ethylhexyl) phthalate was also detected in 

surface soil, subsurface soil, or ground water samples within SWMU 5. Concentrations of this compound 

in surface and subsurface soil were in excess of 1,000 119/kg and in some cases greater than 
\ 

3,000 I1g/kg. This occurrence of bis(2-ethylhexyl) phthalate may be the result of the high level of 

suspended solids in surface water sample 05SW0201. 

Pesticides/PCBs 

No pesticide/PCBs were detected in SWMU 5 surface water samples. 
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No dioxinffuran congeners were detected in these surface water samples; however, one mixture (total 

PeCDD at 9.4 pgfL) was reported in sample 05SW0401. 2,3,7,8-TCDD TEQs are not calculated for 

mixtures. Doxinsffurans were detected in surfa'ce soil, subsurface soil, sediment, and ground water from 

this site. It is likely that this total PeCDD detection can be attributed to suspended solids in this.sample 

(15 mgfL). 

Metals 

As shown in Table 5-7, aluminum, antimony, arsenic, barium, calcium, copper, iron, magnesium,' 

manganese, sodium, and .zinc were the only metals detected in these surface water samples .. The 

maximum. detected concentrations of aluminum, antimony, arsenic, barium, calcium, copper; iron, 

magnesium, manganese, and zinc were in excess of .respective upgradient concentrations. Three of the 

detected metals (calcium, magnesium, and sodium) are considered to be' essential nutrients and will not 

be discussed any further. Aluminum and antimony were both detected in only one sample. Aluminum 

was detected in sample 058W0401 at a concentration of 204 jlgfL. Antimony was detected in sample 

05SW0501 at a concentration of 1.3jlgfL. Copper and zinc were detected in two samples. Copper was 

detected in samples 05SW0201 and 05SW0501 at'concentrations of 2.7 jlgfL and 2.4 I1gfL, respectively. 

Zinc was detected in samples 05SW0201 and 05SW0301 at concentrations of 19.5 I1gfL and 19.9 I1gfL, 

respectively. Manganese was detected in .samples 05SW01 01, 05SW0201, 05SW0301, and 05SW0401 

at concentrations of 41.4119fL, 238 I1gfL, 315 I1gfL, and 105 119fL. Arsenic was detected in all four surface 

water samples at concentrations ranging from 0.34 I1gfL to 0.64 I1gfL. Barium and iron were detected in • 

all. four surface water samples. Barium co~centrati'ons ranged. from 68.3 jlgfL to 184119fL, with the 

maximum in sample 05SW0501. Iron concentrations ranged from 284jlgfL to 1,520 119ft with the 

maximum in sample 05SW0401. 

, 
I • '. . 

As shown in Figure 5-10, sample 04SW0401, which was the most downgradient .surface water sample 

collected within SWMU 5, yielded detectable metals results that were' only slightly higher but still similar to 

those found in all SWMU 5 surface water- samples. These same metals· were also detected in surface 
/ 

soil, subsurface soil, and ground water samples at SWMU 5. Concentrations of dissolved iron and 

manganese increase in a downstream direction for sample locations 05SW01, 05SW02, and 05SW03, 

which lie along one drainage channel. 
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The samples were also analyzed for dissolved metals. Antimony, arsenic, barium, calcium, copper, iron, 

,magnesium, manganese, sodium, and zinc were dete.cted in the dissolved (filtered) sample. The 

concentrations and frequency of detection of these metals were similar to those found in the total 

(unfiltered) samples. Dissolved concentrations of antimony, arsenic, barium, calcium, copper, iron, 

magnesium, manganese, and zinc were all in excess of (dissolved) upgradient concentrations. 

Miscellaneous Parameters 

Cyanide was not d~tected. The hardness of these samples ranged from 38 mg/L to 230 mg/L, and the 

.Jotal suspended solids ranged from 2 mg/L to 52 mg/L. Sample 05SW0501 possessed the maximum 

hardness value of 230 mg/L. Sample 05SW0201 possessed the maximum total suspended solids value. 

5.4.5 Sediment 

As detailed in Tables 5-1 and 5-2, four sediment samples were collected to evaluate the natu~e and 

extent of contamination. All sediment samples were analyzed for Appendix IX VOCs, Appendix IX 

• 

SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, Appendix IX dioxin/furans, • 

TAL metals (plus tin), cyanide, and TOC. Sample 05SD01 0006 was collected as the SWMU 5 upgradient 

sediment sample. 

Table 5-10 presents a summary of the positive results reported for compounds detected in the sediment 

samples collected from SWMU 5. Table 5~11 pres'ents a summary of descriptive statistics for positive 

sediment detections, including range of detections, frequency of detection, location of maximum, and 

"comparison to upgradient sample location. Appendix E.1-2 contains a copy of the entire analytical. 

database for SWMU 5 sediment. Figure 5-12 presents a geographical depiction of organic and inorganic 

detections in sediment, respectively. If the concentration of an organic or inorganic chemical exceeded a 

risk-based or applicable regulatory concentration criterion, a flag (e.g., R5DQL) on the tag map at the 

affected sampling location is shown on the figure. If a detected inorganic chemical concentration at a 

particular location exceeded theupgradient concentration, this was indicated with a "UP" flag at the 

affected location. If 'iUP" does not appear on the tag map it means the chemical was detected at that 

location, but the concentration was less than the upgradient concentration. 

Volatile Organic Compounds 

Cis-1,2-Dichloroethene, methylene chloride, and trichloroethene were the only VOCs detected in these 

sediment samples. Methylene chloride was d,etected in all four samples at concentrations ranging from 
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5 \lg/kg to 8 \lg/kg, with the maximum in 05S0040006. Cis-1,2-dichloroethene and trichloroethene were 

detected in sample 05S0020006 at concentrations of 1,000 \lg/kg and 700 \lg/kg, respectively. No other 

VOCs were detected. The detections of cis~1 ,2-dichloroethene' and trichloroethene were collocated with 

surface water samples. The surface water sample from this location contained a high level of suspended 

solids. 'This location, 05SW/S002, is also located downgradient of the surface soil sample that contained 

cis-1 ,2-dichloroethene and trichloroethene at concentrations in excess of 2,000 \lg/kg. It appears that the 
, . 

presence of chlorinated VOCs is likely related to past site activities, 

Methylene chlqride was also detected at concentrations· of 4 \lg/kg to 8 \lg/kg. This compounqis 

considered a common laboratory contaminant, and the low concentrations (i.e., near the detection limit of 

5'\lg/L) found in these SWMU 5' sediments are similar to those concentrations commonly found in 

laboratory method blanks. Methylene chloride was detected in the upgradient sediment sample, which 

further . indicates that the observed low concentrations of this chemical are probably laboratory 

contamination. Methylene chloride was also infrequently detected in surface and subsurface soil samples 

from SWMU 5.' 

Semivolatile Organic Compounds 

As displayed in Table 5-11, 13 PAHswere detected fn the four SWMU 5 sediment samples. No other 

semivolatile organic compounds were detected in these sediment samples .. Maxi~um detected PAH 

concentrations of these 13 PAHs ranged from 16 \lg/kg [dibenzo(a,h)anthracene and naphthalene] to . 

55 ~g/kg (fluoranthene); The maximum detected concentration, of nine of the 13 detected PAHs were 

.found in sample 05S0050006. Sample 05S0040006 contained the fewest PAHdetections (i.e., only 

fluorantheneat 16 \lg/kg). 

As shown in Table 5-10, sample 05S0010006(the SWMU. 5 background location) contained 

concentrations of PAHs ranging from 14 \lg/kg (2-methylnaphthalene) to 960 \lg/kg (fluoranthene). The 

. PAHs detected in this upgradient location are one order of magnitude greater than those detected in the 

.. . 

four sediment samples collected from within or hydrologically downgradient of SWMU 5. The source of 

PAHs ~at this 'upgradient location is not known but may be resultant of roadway runoff as PAHs are a 

component of vehicular exhaust and asphalt. Additionally, PAHs may have been transported (in the form 

or,ashes or dust) and deposited via 'wind. Theoretically PAHs in the form of ashes or dust may originate 

from a source area that may be miles from the source of contamiriation. 
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Pesticides/PCBs 

No pesticides were detected in SWMU S sediment samples. 

Aroclor 1260 was detected at a concentration of 170 Ilg/kg in sample OSSDOS0006 but it was not 

detected in the most downgradient sample (OSSD040006). No other PCBs were detected in SWMU S 

sediments. PCBs were als9 detected in surface soil locations OSSBOS and OSSB06 at similar 

concentrations. The presence of Aroclorsin sediment is likely the result of past site disposal and burning 

activities. 

Herbicides 

The herbicideshexathlorophene and pentachlorophenol iNere detected in these sediments. 
. . '. 

Hexachlorophene was detected in sample OSSD040006. (3.1 Ilg/kg) but was not detected in any other 

media at SWMU S. Pentachlorophenol was detected in sample OSSDOS0006 (6 Ilg/kg) but it was not 

detected in the most downgradient sample (OSSD040006).. Pentachlorophenol was also detected in 

surface and subsurface soil sa:mples at concentrations similar to those found in sediment. As shown in 

Figure S-12, sediment sample OSSDOS0006· is downgradient of surface and subsurface soil sample 

locations (OSSB02 and OSSB03) that contained similar concentrations of pentachlorophenol. 

Dioxins/Furans 

Seventeen dioxin/furan congeners were detected in the four sediment samples that were analyzed; 

analytical results for two mixtures were also reported. Concentrations of the hepta-, hexa-, and penta

.chlorinated congeners ranged from O.S ng/kg ·(1,2,3,4,7,8-HxCDD in OSSD040006). to 203 ng/kg. 

(1,2,3,4,6,7,8-HpCDD in OSSD020006). As displayed in Table S-11,concentrations ofOCDD ranged 

from·1 ,160 ng/kg to 6,110 ng/kg with the maximum occurring in sample OSSD020002. Concentrations of 

OCPF ranged from 2.2 ng/kg to 223 ng/kg with the maximum occurring in sample OSSD020006 .. Eleven 

of the 17 detected dioxin/furan congeners were detected in all four of the sediment samples. All 17 

congeners were detected in samples OSSD020006, OSSD030006, and OSSDOS0006. Maximum detected 

concentrations of 16 of. the 17 detected congeners occurred in sample OSSD020006, which is located 

north of the main gully. Sample OSSD040006 contained the fewest dioxin/furan congener detections; this 

sample is the westernmost sedimentsample at SWMU S. 

The 2,3,7,8-TCDD TEQs ranged from 2:5 ng/kg (OSSD040006) to 18.3 ng/kg (OSSD020006). It should be 

• 

noted that dioxin/furan compounds are often found in environmental media as a result of natural (e.g., • 

forest fires) and anthropogenic activities (i.e.-, they are by-products of variou~ combustion and chemical 
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processes). The octa- and hepta-chlorinated congeners are generally detected more frequently in 

background environmental media samples and at higher concentrations, than the tetra-, penta-, and hexa

,chlorinated congeners. The concentrations detected in these sediment samples are likely to be 

attributable to burning processes carried out at 8WMU 5. Dioxins/furans were detected in all media 

collected at 8WMU 5. 

As displayed in Table 5-10, the upgradient sediment location 0580010006 contained positive results for 

several dioxin congeners. This mayor may not be attributable to activities at 8WMU 5. The dioxins are 

most probably present at this location due to deposition of ash from an airborne source (Le., wind) that 

could theoretically be miles away from the sample location. , 
. . 

Metals 

As shown on Table 5-9, 18 metals (aluminum, antimony, arsenic; barium, cadmium, c~lciurn, chromium, 

cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, vanadium, and zinc) 

were detected in the downgradient sediment samples. The maximum detected concentrations of 
. . . . . 

aluminum, antimony, barium, cadmium, calcium, chromium, copper, le,ad, magnesium, manganese, 

mercury, vanadium, and zinc were in excess of respective upgradient concentrations. Three of the 

detected metals (calcium, magnesium, and potassium) a:re considered to be essential nutrients and will 

not be discussed any, further. Cadmium was detected in sample 0580050006 at a concentration of 

2.5 mg/kg. Mercury was detected in samples 0580020006 (0.04 mg/kg) and 0580050006 (0.09 mg/kg)., 

Antimony was detected in samples 0580020006(2.2 mglkg), 0580030006 (1.6 mg/kg), and 

0580050006 (5.8 mg/kg). The remainder of the detected metals were present in all samples. The 

maximum detected concentrations of 15 of the 18 detected metals were found in sample 0580050006. 

Maximum detected concentrations of manganese and nickel were found in sample 0580030006. The 
~ '. . 

maximum detected concentration of cobalt was found in sample 0580020006. 

As showriin Figure 5-12, the concentrations of metals detected across 8WMU 5 sediment are similar 

, although sample 0580050006 had the greatest con,centrations of metals. The concentrations of meta:is 

detected in sediment samples collected within 8wrviu 5 (including the upgradient location) are within one, 

order of magnitude of each other. Most of these metals were also detected in all other media samples at 

8WMU5 . 
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Cyanide was not detected in these sediment samples. The TOC ranged from 2,600 mglkg 

(05SD030006) to 11,000 mg/kg (05SD040006) in these sediment samples. 

. 5.4.6 Summary 

The VOCs, 1, 1-dichloroethene,· benzene, cis-1,2-dichloroethene, methylene chloride, tetrachloroethene, 

trans-1 ,2~dichloroethene, trichloroethene, and vinyl chloride, were detected in surface soil samples at 

SWMU 5. Benzene, cis-1,2-dichloroethene, methylene chloride, trans-1,2-dichloroethene, 

trichloroethene, and vinyl chloride were also detected in subsurface soil samples. In addition to these 

compounds, 1, 1-dichloroethane, acetone, chloroethane, ethylbenzene, toluene, and xylenes (total) were 

, also detected in subsurface soil samples. Chloroform (1 IJ/L) and cis-1,2-dichloroethene (3 Ilg/L) were 

the only VOCs detected in ground water. The VOCs, 1, 1-dichloroethene, cis-1,2-dichloroethene, 

trans-1,2-dichloroethene, trichloroethene, and vinyl' chloride were detected in surface water. 

. Cis-1 ,2-Dichloroethene, methylene chloride, and trichloroethene were detected in sediment samples~ 

The presence of VOCs in soil, ground water, surface water, and sediment suggests that VOCs are 

'. 

migrating from soils to surface water and sediment in nearby drainage channels and, to a lesser extent, • 

migrating from soils to ground water. 

The chlorinated VOCs, cis-1,2-dichloroethene, trichloroethene were detected in all media and vinyl 

chloride was detected in all media except sediment at SWMU 5. Surface soil displayed the most 

concentrated VOC results in the vicinity of 05S806, 05S807, and 05S808, which were collected within 

250 feet of each other and are located north of the main gully. There were also elevated concentrations 

'of these compounds in subsurface soil samples taken from the 05SB03 and 05SB06 soil columns. 

Cis-1,2-dichloroethene was detected in ground water (well 05-15), and trichloroethene and vinyl chloride / 

were detected in surface water at sampling location 05SW/SD02 which is downgradient (i.e., surface 

water flow is toward the west and southwest) of the main gully. Historical 'data discussed in the Risk 

Assessment work plan (TtNUS, August 2000a) also contained detectable concentrations of the same 

chlorinated VOCs. The VOC contamination at the soil borings 05SB06, 05SB07, and 05SB08 is not 

bounded to the north and west by soil samples of lesser VOC contamination because no soil samples 

. were collected in those areas; however, the soil VOCs do not appear to be leaching to ground water even 

though these soil locations are hydraulically upgradient to other SWMU 5 areas to the north and west 

(Figure, 5-5). The soils do appear to influence the presence of detectable VOC concentrations in 

sediment and surface water at locations 05SW/SD02 and 05SW/SD03. While VOC concentrations are 

not completely bounded in sediment and surface water, the VOC concentrations show a definite 
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decreasing trend toward the downgradient region. This indicates that the VOC source is near soil borings 
J ' , 

05SB06, 05SB07, and 05SB08, and is most likely located closest to 05SB06 judging from this soil boring 

being located topographically higher than the other two. The fact that VOCs are unbounded will introduce 

additional uncertainties into the planned risk assessments, but should not prevent the completion of those 

assessments because the VOC concentrations do not suggest that any significant VOC sources has 

gone undetected. The HHRA presented in Section 5.6.1 and the ERA in Section 5.7.5 provide 

discussions regarding VOCs selected as COPCs for SWMU 5. 

PAHs and phthalates were the, only SVOCs detected in SMWU 5 environmental media. Several PAHs 

and bis(2-ethylhexyl) phthalate were detected in both surface and subsurface soil at similar 

concentrations (within the same order of magnitude). Bis 2-(ethylhexyl) phthalate was detected in a 

single ground water sample (05GW0801) at a concentration of 110 Ilg/L. No other SVOCs were detected 

in ground water. Bis(2~ethylhexyl) phthalate was detected in a single surface water sample (05SW0201) 
. . . . 

, at 'a concentration of 2 Ilg/L. No other SVOCs were detected in surface water. Several PAHs were 

detected in several sediment samples at low concentrations (i.e., less than 60 Ilg/kg). No other SVOCs ' 

were detected in sediment samples. The upgradient (Le., background) 'sediment sample location 

contained the most concentrated PAH results out of all SWMU 5 sediments" which could indicate other 

non-SWMU 5 sources. PAHs are detected in most SWMU 5 locations but are most concentrated in the 

vicinity of the main gully and the former burn pit. Because of this, the SVOCs are viewed to be sufficiently' 

bounded to support the planned risk assessments. Historical data discussed in the SWMUs 4, 5, 9, and 
, " 

, 10 work plan also contained detectable concentrations of PAHs and phthalates .. The presence of PAHs 

may be related to site burning operations because PAHs are typical by-products of. incomplete 

combustion. The HHRA presented in Section 5.6.1 and the ERA in Section 5.7.5 provide discussions 

regarding SVOCs selected as COPCs for SWMU 5. 

The pesticide 4,4'-00E was detected in one surface soil sample, 05SB080002. 4,4'-000, dieldrin, 'and 

methoxychlor were detected in one, one, and two of seven subsurface soil samples, respectively. The 

concentrations of these pesticides were low (i.e., less than 10 Ilg/kg), except methoxychlor in subsurface 

soil samples 05SB060608 (28 Ilg/kg) and 05SB070608 (49 Ilg/kg). No other pesticides were detected in 

SWMU 5 environmental media. There is no apparent pattern of pesticide contamination in SWMU 5 

environmental media, and these pesticide concentrations are not bounded by concentrations at locations 

,to the north and west that show decreasing trends in those directions. However, the frequencie's of 

detection are, low and the pesticide, contaminants' ere viewed to be adequately represented by the 

, reported concentrations. It should also be noted that historical· data. discussed in the SWMUs 4,5,9, and' 
. .. . 

• 10 work plan also co~tained detectable concentrations of pesticides~ The HHRA presented in Section 
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5.6.1 and the ERA in Section 5.7.5 provide discussions regarding pesticides selected as COPCs for 

SWMU 5. 

, Aroclor 1254 was detected, in four of eight surface soil samples at concentrations ranging from 100 I1g/kg 

to 140 119/kg. Aroelor 1254 and Aroclor 1260 w~re detected in several subsurface soil samples. Aroclor 

1260 was detected in sediment sample 05SD050006 at 170 119/kg. Otherwise, no other Aroelors were 

detected in SWMU 5 soil, ground water, surface water, or sediment. PCB detections are most 

concentrated in the area north of the main gully. Topography and spatial concentration trends suggest 

that any source of PCBs is near soil boring 05SB06. Because PCBs appear to be spatially localized 

, further delineation of PCB contamination is not warranted even though they are not completely bounded. 

Historical data discussed in the SWMUs 4, 5, 9, and 10 work plan also contained detections of Aroelor 

1254. The HHRA presented in Section 5.6.1 provides discussion regarding PCBs selected as COPCs for 

SWMU5. 

The herbicide compounds 2,4,5-T and pentachlorophenol were detected in several SWMU 5 surface soil 

samples. Pentachlorophenol was also detected in several SWMU 5 subsurface soil samples. 

Pentachlorophenol and ihexachlorophene were detected in one sediment sample. Herbicides were not 

detected in ground water or surface water samples at SWMU 5. Pentachlorophenol was detected 

frequently in surface and subsurface soil sa,mples across SWMU 5. These compounds were detected at 

low concentrations (i.e., less than 20 119!kg). Historical data discussed in the SWMUs 4, 5, 9, and 10 

work plan (TtNUS, August 2000a) also display herbicide detections at SWMU 5. The SWMUs 4, 5, 9, and 

10 work plan also notes that it was common practice to treat areas alongside roadways with mixtures of 

herbicides. The HHRA presented in Section 5.6.1 provides discussion regarding herbicides selected as 

COPCs for SWMU 5. The 2,4,5-T concentrations are less than risk-based criteria (no flags on tag maps) 

and the pentachlorophenol concentrations, while they frequently exceed risk-based 'criteria, span a 

narrow concentration range in soil Gs12 mg/kg) with most results less than 5 mg/kg. On this basis, further 

delineation of this chemical is not warranted. 

Dioxin/furan compounds were detected in almost all surface soil, subsurface soil, and sediment samples. 

The majority of the soil 2,3,7,8-TCDD TEOs are in excess of background soil concentrations reported in 

the literature (the arithmetic mean TEO concentration detected in soil samples representing background 

,conditions in the United States is estimated to be 8 ng/kg). Only a few dioxin/furan compounds were 

detected in ground water samples; these compounds were not detected frequently. Only one dioxin/furan 

mixture was found in one surface water sample. Dioxin/furan detections were spatially distributed across 

, the site. The most concentrated area of dioxin/furan contamination is in the vicinity of the old burn pit and 

just north of the main gully. This is consistent with knowledge of site operations because dioxins and 
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furans are products of combustion when sources of chlorine are present. Potential chlorine sources 

include chlorinated solvents, which have been detected in allof the environmental media at SWMU 5. 

The predominance of OCDD in the dioxin/furan mix is consistent with the combustion of wood, oil, or 

municipal solid waste (Navy, 2001). The concentrations detec~ed in these sediment samples are likely to 

be attributable, at least in part to burning processes carried out at SWMU 5. Non site-related sources 

may have also contributed through airborne transport and depositi(:>n. ,Given that the greatest dioxin and. 

furan concentrations have been associated with the likely source area at SWMU 5, there is no need to 

further delineate the extent of contaminants. The HHRA presented in Section 5.6.1 and the ERA in 

. Section 5.7.5 provide discussions regarding pesticides selected as COPCs for SWMU 5 .. 

Antimony concentrations in surface soil represent contamination. that ;is most likely site-related because 

the observed concentrations exceed the background concentrations (Figure 5-7) and· because they 

exceed the background surface soil UTL at some locations by approximately an order of magnitude or 

more (Table ·3-28). Surface soil antimony concentrations exceed risk-based criteria at several locations 

(see Figure 5-7). The same is true of barium, chromium, copper, lead, mercury, and tin, although 

mercury contamination appears to be minimal. Zinc concentrations exceed background concentrations 

for surface Soil Group 3, but not by as large a degree as these other metals. Historical surface soil data 

at location 05/03-09 indicate significant metals contamination for several metals. With the exceptions of 

mercury and tin, the greatest concentrations of meta! contaminants are located in surface soil at borings 

05S806 and 05S802 with concentrations of each metal decreasing in an outward direction from those. 

locations. While not all of the .metal concentrations at ·the perimeter of the sampling pattern are 

comparable to background concentrations, the decreasing concentration pattern indicates that the bulk of 

the surface soil metals contamination is well bounded. Exceptions are discussed in the next paragraph .. 

The greatest surf.ace soil concentrations of ,mercury ,appear in soil borings 05S801 and 05S803 at the 

southwestern perimeter of the sampling pattern (Figure 5-7). Thegre~test concentration of surface soil 

tin appears in soil boring 05S808 located on the western perimeter of the sampling, pattern and is 

unbounded by samples of lesser concentrations to the southwest, west, and northwest. l::Iowever, the 

topography suggests that any migration in surface soils will occur in a direction that bounds the 

'contamination because the perimeter of the sampling pattern is higher than the interior of the pattern (See, 

Figure 1-8). In addition, most meta'is concentrations are well bounded in terms of greater concentrations 

giving way to lesser concentrations toward the sampling plan perimeter. The majority of greatest metal 

concentrations appear to have been 10Gated in the horizontal direction within a radius of. approximately 

one hundred to two hundred feet. 
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A horizontal decrease in concentrations toward perimeter sampling locations also generally exists for 

subsurface. soils, however, historical data indicate that metals concentrations increase in a northeasterly 

direction when the most. recent data and the historical data are combined· (USACE, 1998c). Thus 

subsurface metals contamination is generally well bounded laterally except in the northeasterly direction. 

Bounding of metal contaminants in the vertical direction is different (Figure S-9). Metal contaminants in . , 

and around the Main Gully tend to exhibit greater concentrations in the surface than in the subsurface but 

metal contaminants in and around the Burn Pit tend to exhibit the opposite trend. Barium and antimony 

concentrations illustrate these trends on Figures S-7 and S~9. Copper is an exception in that the deeper 

samples tend to exhibit the greater concentrations in both the Main Gully and the Burn Pit; leading to the 

conclusion. that copper contamination is not bounded in the . vertical direction. The subsurface soil 

mercury concentration of· 93.2 mg/kg at soil boring OSSBOS indicates· a probable subsurface disposal. 

because this concentration underlies a surface soil concentration of only 0.06 mg/kg. Other surface and 

subsurface soil mercury concentrations are much less than this concentration in both the recent and the 

historical data. Mercury contamination at that location is unbounded in .the vertical direction. In summary, 

metals concentrations are well bounded in all but the northeasterly. horizontal direction but the vertical 

bounding of metals is not as definitive, especially at the Burn Pit: Historical metals results at soil sampling 

locations OS/03-0S and OS/03-06 and the more recent analytical data indicate that metals concentrations 

are greater near the truck trailer park than they are near the Burn Pit or in the Burn Pit. It is clear that 

elevated concentrations of various metals to a depth of approximately eight feet bgs have been 

established.· Additional bounding of soil metals contamination would be necessary for any future 
. . 

corrective actions.· The measured metals concentrations are sufficient to support the planned risk 

assessments, although some Uncertainties associated with the incompleteboLinding of metals in soil 

exist. 

Compared with metals detections. in soil, a fewer number of metals were detected in .ground water 

samples and even fewer in the filtered ground water samples. This indicates that a large fraction of the 

metals are associated at least in part with the suspended matter in the ground water. 

Aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium, manganese, selenium, sodium, and 

vanadium were present in ground water at co.ncentrations in excess of upgradient concentrations at 

select locations (See Figure S-10). Only barium, calcium,. iron, magnesium, manganese, and sodium 

were detected in the filtered ground water samples. Calcium, magnesium, and sodium are not discussed 
. . . - . 

further (except as warranted) because they are essential nutrients and do not pose health risks except at 

concentrations much greater than those observed at SWMU S. Selenium is not discussed further 

. because it was detected in just one well (OST03 at a low concentration ·of 1.4 I1g/L). The site ground 

water arsenic concentrations are n6t consistent with soil arsenic concentrations. Whiie down gradient 

. ' 
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ground water concentrations are greater than the upgradient concentrations, the consistent spatial 

concentration pattern suggests that the observed ground water arsenic concentrations do not derive from 

site -,contamination. In particular, the SWMU' 5 soil arsenic concentrations barely exceed upgradient 

concentrations and the' ground water arsenic concentrations increase from the western edge of the 

SWMU toward the west in the downgradient direction. Ground water manganese concentrations show 

greater concentrations toward the northwest. Aluminum concentrations decrease from the center of 

, SWMU 5 toward the downgradient direction. With the possible exception of manganese, all ground water 

metal contamination is well bounded by samples of lesser concentrations in the downgradient direction. 

Historical data show that the greatest manganese concentration observed previously (7,BOO Ilg/L) was in 

well05-0B, which is in the northwestern portion of the SWMU (TtNUS 2000a). The manganese and other 

metal contamination is not bounded to the northwest of the SVVMU boundary. 

Antimony, barium, calcium, copper, iron, magnesium, manganese, and zinc were detected in surface 

water at concentrations exceeding the upstream concentration both in filtered and unfiltered surface water 

samples (Figure 5-11). Except for iron, these'metals appear to be essentially all dissolved as evident 

from the results for filtered and unfiltered samples being compara,ble. No other surface water metal 

concentrations exceeded upgradient concentrations. Calcium and magnesium are not discussed further 

because they are essential nutrients. Antimony was detectable only at sampling location 05SW/SD05 at 

a value just 30 percent greater than the detection limit. This metal does not exceed a risk-base criterion 

,and is not discussed further. Except for sampling "location 05SW/SD05, surface water barium 

concentrations barely exceed the single upgradient location. This one elevated concentration could be an 

indication that barium surface water concentrations are not bounded but the concentration does not 

exceed any risk-based concentrations and is of little concern. Manganese and zinc concentrations exhibit 

an .increasing trend in the downgradient direction, indicating that manganese and zinc are not bounded 

relative to upgradient concentrations, however the manganese' is the only one of these two metals with 

concentrations exceeding risk based limits. Thus, the bounding of metals in surface water is generally 

good with the exception of manganese and zinc, and manganese is the only metal of significant concern 

in this regard. The elevated surface water manganese concentrations, are colloc,ated with elevated, 

ground water manganese concentrations. Consideration to further delineation of manganese 

concentrations may be' warranted. This is discussed further in Sections 5.6:1 (human health risk 

,assessment) and 5.7.5(ecological risk assessment). 

Several metals were detected in sediments at concentrations exceeding upstream concentrations (Figure 

5-12). , Of these, calcium, magnesium, and potassium are not discussed because they are, essential 

nutrients. The remaining metals in this category are aluminum, antimony, barium, cadmium, chromium, 

c;:opper; lead, mercury, manganese, vanadium" and zinc. Copper, lead, and zinc are present at, 
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concentrations that are at least two times the upstream concentration at sampling location OSSW ISDOS; 

manganese is present at locations OSSW/SD02 and OSSW/SD03 at approximately two times the up 

stream concentration. Otherwise the downsteam metal concentrations appear to be only slightly elevated 

as compared to the upstream concentrations. With the exception of copper, lead, and zinc at sampling 

location OSSW ISDOS, and manganese at locations OSSW ISD02 and OSSW ISD03, the observed sediment 

metal concentrations are likely to represent normal upgradient concentrations. This could nO,t be 

demonstrated, however, because only one sediment upgradient sample was collected, so the 

conservative position was taken to consider metals with marginally elevated concentrations to be COPCs. 

Based on the spatial patterns displayed in Figure S-12, all metals in sediment are well bounded in the 

downstream direction except for copper, lead, and zinc in the drainage channel associated with sampling 

location OSSW/SDOS, and mariganese in the channel associated with locations' OSSW/SD02 and 

OSSW/SD03. However, the manganese does not exceed risk-based criteria at either of the locations. 

The exceedances of the upgradient concentration in the cases of copper, lead, and zinc are less than an 

order of magnitude and whether additional investigation of the exceedances would be warranted is open 

to question. Based on the above observations, it is not believed that §ldditional delineation of metals in 

sediment would benefit the planned risk assessments. The elevated manganese concentrations occur in 

the same region as elevated surface water and ground water concentrations. This suggests a connection 
) 

between these environmental media or a common source of the manganese. 

The HHRA presented in Section S.6.1 and the ERA in Section S.7.S provide discussions regarding metals 

selected as COPCs for SWMU 5. 

5.5 CONTAMINANT FATE AND TRANSPORT 

ThiS section presents' a brief overview of contaminant fate and transport issues at SWMU S. This 

discussion focuses on some of the major types of contaminants found at the site. 

The existing data for the site indicate that a release of hazardous constituents to the surrounding soil has 

occurred as a result of historical site operations (i.e., the burning of garbage, trash, and debris and 

placement of ash and residue in the gully north of the burn pit area). The historical data also indicate that 

residual contaminants in the soil have migrated to ground water via infiltration and percolation. Additional 

release mechanisms, which are also expected to contribute to the contaminant transport, include 

discharge of ground water to surface water and sediment (Culpepper Branch Creek), deposition via 

surface water runoff, and generation of fugitive dust and volatile emissions from soil. 

The following classes' of chemicals were detected in the media of concern at SWMU S. 
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Sediment - VOCs, PAHs, dioxins/furans, pesticides, PCBs, herbicides, and metals. 

Fate and transport characteristics of these chemicals are briefly discussed in the following sections. 

5.5.1 Volatile Organic Compounds 

VOCs are typically considered to be fairly soluble and to have a low capacity for retention by soil organic 
'.' . 

carbon; therefore, these compounds are most frequently detected in ground water. These types of 

chemicals may migrate through the soil column. after they are released by a spill event or by subsurface. 

waste burial as infiltrating precipit~tion solubilizes them .. Some portion of these chemicals is retained by 

the soil, but most of them will continue migrating downward until they reach the water table. At that time, 

migration is primarily lateral with the hydraulic gradient. . They may have migrated to surface water and 

sediment, but attenuation and dilution factors, such as volatilization, have resulted in their disappearance . 

Fourteen VOCs were detected in surface/subsurface soil samples at· SWMU 5 but only two VOCs 

(chloroform and cis-1 ,2~dichloroethene) were detected in one of 14 ground water samples. The soil and 
. . . 

ground water,data indicate that, although VOCs are considered to be relatively mobile in the environment, 

little movement from soil to ground water has occurred at the site to date. Five chlorinated VOCs 

(1 ,1-DCE, cis/trans-1,2-DCE, TCE, and vinyl chloride)· were detected in three of five surlace. water 

samples collected when the. surface water was covered with ice. Because these .compounds, especially 

vinyl chloride, volatilize rapidly from water, their presence in s~rface water is· not expected. It is possible 

that there is an unidentified source of the VOCs in surface water (perhaps, ground water discharge). 

5.5.2· Polycyclic Aromatic Hydrocarbons 

PAHs are generally c.onsidered to be fairly immobile chemicals in the ,environment. They are large· 
I 

molecules with' high organic carbon partition coefficients and low solubilities when compared to the 

volatile organics. These compounds, wh~n found in the soil, generally do not migrate vertically to a great·· 

extent. Instead, they are more likely to adhere to soil particles and b~ removed from the site via surface 

runoff and erosional processes. Their absence in ground water is evidence of their immobility .. Their 

presence in sediment may stem from surface erosion, but their aqsence in surface water is consistent 

with their low water solubilities and their ability to bind to soil and sediment. 
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The fate and transport characteristics of dioxins/fl,Jrans are similar to those of PAHs. They generally do 

not migrate vertically to a great extent and tend to adhere to soil particles and to move via surface runoff 

and erosional processes. Their presence in sediment may stem from surface erosion, but their low 

frequency of detection in surface water is consistent with their low water solubilities and their ability to 

bind to soil and sediment. Because dioxins/furans have low solubilities in water, their presence in ground 

water samples at SWMU 5 is likely due to their adherence to particulate matter in the samples. However, 

a comparison of the concentrations of the dioxins detected in ground water at the ~!te with published 

water solubilities indicates that they may be present in the dissolved phase as well. 

5.5.4 Pesticides/Herbicides 

Pesticides were widely used at NSWC Crane. Many of the detected .compounds are no longer licensed 

for general sale and use in the United States. Therefore, it is assumed that much of what was detected at 

SWMU 5 is representative of past application for insect control. 

Like PAHs, pesticides as a class of compounds are not considered to be very mobile in the environment. 

These chemicals, upon application or disposal, tend to remain affixed to soil particles. Migration of 
\ 

pesticides occurs primarily by erosion via the action of wind or water. Erosion accounts for their presence 

in sediment. Their absence in ground water and surface water is consistent with their ability to bind to soil 
r . 

and sediment and their low solubility in water. 

'5:5.5 Polychlorinated Biphenyls (PCBs) 

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known 

to transfqrm PCBs under environmental conditions, and only the lighter compounds are measurably 

biodegraded. As with PAHs and pesticides, their absence in ground water and· surface water is 

consistent with their ability to bind to soil and sediment and of their low solubility in water. 

5.5.6 Inorganics 

. Because. inorganics are frequently incorporated into the soil matrix and remain bound to particulate 

matter, they also migrate from the source areas via bulk movement processes (erosion). The larger 

particles (greater than 0.45 micron, which are removed via the filtration step prior to water analysis) are 
, 

110110/P 5-34 CTO 0010 

• 

• 

• 



• 

• 

NSWCCrane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 35 of 103 

not generally considered to be mobile. in ground water. The metals detected in unfiltered ground water. 

samples are likely to be representative of suspended soil material in the samples. 

There are some instances, however, where these metals are found at sl,lch concentrations or in· such 

form as to be able to migrate in solution. It is possible that industrial activities could saturate all available 

exchange sites in soil and result in a metal being mobilized. Metals are also more mobile under acidic 

conditions, which may exist in areas where plating-type activities have occurred. Finally, a metal solution 

may be utilized in some industrial. applications. In these cases, it is possible for metals to migrate 

vertically through the soil column and reach the ground water. 

5;6 HUMAN HEALTH RISK ASSESSMENT 

This section presents the results of the human health risk assessment for SWMU 5. The risk evaluation 

was performed using the general methodologies presented in Section 3.3. Site-sp~cific information 

regarding data evaluation (Le., the selection of COPCs), exposure assessment, characterization of 

estimated potential human health risks, and specific uncertainties for the risk screening process for the 

site are contained in the following sections . 

. 5.6.1 Selection of Chemicals of Potential Concern 

A medium~specific discussiori of the chemicals selected as COPCs for SWMU 5 is provided in this· 

. section. 

5.6.1 .. 1 Soil 
) 

This section presents the results of the COPC selection process for ·surface and subsurface soil.. The 

CO PC screening process and the results of the screening are presented in Tables 5-12 and 5-13 for 

surface soil and in Tables 5-14and 5-15 for subsurface soil. 

·COPC Selection for Surface Soil 

Three soil borings were placed in the burn pit and five soil borings were placed in the gully north of the .. 

b.urn pit where residual ash. and metal debris were buried. The following chemicals were retained as 

COPCs for surface soil: 

• Volatiles - 1, 1-dichloroethene, benzene, cis-1,2-dichloroethene, tetrachloroethene, trichloroethene, 

. methylene chloride, and vinyl chloride. 
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• PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene. 

• Aroclor 1254. 

• Pentachlorophenol. 

• Dioxins/furans. 

• Inorganics - antimony, barium, cadmium, chromium (total); copper, iron, lead,. mercury, silver,'~nd 
zinc. 

, CO PC Selection for Surface/Subsurface Soil 

Sixteeri surface/subsurface soil samples were collected at SWMU 5 from depths of 2 to 10 feet bgs (the 

subsurface soil samples were collocated with the surface soil samples); The following chemicals were 

retained as COPCs for surface/subsurface soil: 

• Volatiles - 1, 1-dichloroethene, benzene, cis-1,2-dichloroethene, tetrachloroethene, trichloroethene, 

methylene chloride, and vinylchloride. 

• PAHs benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,dibenz(a,h)anthracene, 

2-methylnaphthalene, and naphthalene. 

• Dieldrin. 

• ,PCBs - Aroclor 1254, Aroclor 1260. : 

• Rentachlorophenol. 

• Dioxins/furans. 

.Inorganics -antimony, arsenic, barium, cadmium, chromium(total), topper, iron, lead, manganese, 

mercury, nickel, silver, and zinc. 
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These constituents· were identified as COPCs in surface and subsurface soil because maximum 

concentrations exceeded one or more of the human health risk screening levels for residential land use 

(i.e., U.S. EPA Region 9 risk-based screening levels for residential soil, U.S. EPA generic SSLs for 

migration to ground water, IDEM default closure levelsfor direct contact and migration to ground water, 

and representative basewide background concentrations). The maximum concentrations were also 

compared to U.S. EPA SSLs formigration from soil to·air (inhalation). As shown in Tables 5-13 and 5-15, 

the maximum concentrations of all constituents were less than the inhalation SSLs. Therefore, potential 

risks from inhalation of chemicals detected in soil are expected to be minimal and this pathway was not 

evaluated further in the risk assessment. Chemicals present at concentrations greater than screening 

concentrations but within representative basewide background levels (aluminum, arsenic, and 

manganese in surface soil, and aluminum in surface/subsurface soil) are not considered to be site-related . , . 

contaminants, were eliminated as COPCs, and were not carried through the quantitative risk assessment. 

Migration from Soil to Ground water 

As indicated in Tables 5-12, 5-13, 5-14, and 5-15; some.constituents in soil were selected as COPCs 

because the maximum concentrations exceeded risk-based screening levels for residential soil.exposure; 

some were selected as COPCs because they exceeded risk"based screening levels for residential soil 

and. SSLs for migration to ground water; and some chemicals (1, 1-dichloroethene, benzene, 

cis-1/2-dichloroethene, methylene chloride, tetrachloroethene, vinyl. chloride, naphthalene, 

2~methylnaphthalene, dieldrin, pentachlorophenol, and silver) were selected because the maximum 

concentrations of these chemicals exceeded SSLs for migration to ground water only. Because the 

reported concentrations of these chemicals were less than the screening levels for direct contact with soil 

and U.S. EPA generic SSLs for inhalation, potential risks from direct exposure to these COPCs in soil are 

expected to be minimal. However, exceedances of U.S. EPA and IDEM migration to ground water SSLs 

may indicate the potential for chemicals to leach to ground water and impact water quality. Of the organic· 

chemicals detected in soil at SWMU 5 that exceeded SSLs for migration from soil to ground water, only 

cis-1 ,2-dichloroethene was. detected (in one of 14 sarnples)in ground water samples collected at the site. 

The soil and ground water data appear-to indicate that little or no impact of contaminants in soil on ground 

water has occurred at the site. A discussion of the ground water data for .SWMU 5 is provided in Section 

5.6.1.2. 

5.6.1.2 Ground water 

Table 5-16 presents details of the COPC selection process for ground water. the COPC selection for 

ground water at SWMU 5 is based on analytical data for unfiltered ground water samples collected from 
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12 existing and three new monitoring wells installed at the site. One well, OSGW01 01, located on the 

eastern portion of the site is upgradient of the site and was used as background for COPC selection .. The 

following chemicals were retained as COPCs in ground water: 

• Chloroform 

• Bis(2-ethylhexyl) phthalate 

• Dioxins/furans 

• Inbrganics - aluminum, arsenic, iron, and manganese 

These constituents were identified as COPCs in ground water because the maximum concentrations 

exceeded one or more of the human health screening levels (i.e., U.S. EPA Region 9 risk-based 

screening concentrations, federal MCLs or SMCLs, and IDEM residential default closure levels for ground 

water). Two filtered samples (OSGW0301-F and OSGW1301-F) were collected at the site and information 

provided by these samples indicates that the presence of turbidity (21 NTU in both samples) in the 

unfiltered sample may have affected the analytical results. For example, manganese was detected in 

unfiltered sample OSGW0301 at a concentration of 141 Ilg/L but was detected in the filtered sample at a 

concentration of 1S.4 Ilg/L. Arsenic was not detected in the filtered samples and the concentrations of 

iron were much lower in the filtered samples than the concentrations in the unfiltered samples. This 

suggests that the metal concentrations may be elevated because of suspended particulate matter in the 

samples. Note that no chemicals were eliminated from the quantitative risk assessment on the basis of 

background because maximum concentrations in the site ground water samples were greater than 

concentrations in the upgradient well. 

5.6.1.3 Surface Water 
/ 

Table S-17 summarizes the CO pC selection process for surface water at SWMU S. Four surface water 

samples were collected at the site. Two samples were collected in the western portion of the site, one 

sample (OSSW0501) was collected from an unnamed tributary in the southern portion, and one sample 

(OSSWD02) was sampled to monitor stream conditions in the gully at the site. This sample was located in 

an unnamed tributary at the gully northwest of the burn pit. One sample, OSSW0101, located on the 

. northern portion of the site, was used as the upgradient location for CO PC selection. Four filtered 

samples were also collected from the surface water locations. There is no significant difference between 

the filtered and unfiltered results, indicating that turbidity did not greatly impact the unfiltered sample 

results. 

The following chemicals were retained as COPCs in surface water: 
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Volatiles - 1, 1-dichloroethene, cis-1 ,2-dichloroethene, trichloroethene, and vinyl chloride 

Inorganics - aluminum, arsenic, iron, and manganese 

These constituents were identified as COPCs in surface water because the maximum concentrations 

exceeded one or more of the human health screening levels (i.e., U.S. EPA Region 9 risk-based 

screening concentrations, federal MCLs or SMCLs, and IDEM residential default closure levels for ground 

water) and concentrations in the upgradient sample. Note that the use of these criteria for surface water 

assumes that the surface water is used as a drinking source (i.e., potential receptors ingest 2 liters of 

water per day/350 days per year). Drinking water criteria are us'ed because surface water criteria for 

human health are currently' not available. The use of these criteria for screening and risk assessment is 

conservative because it is unlikely that the water in the creek or marshy area would ever be used as a 

source of drinking water. No constituents were eliminated as COPCs in surface water on the basis of 

background. Maximum site concentrations of arsenic were only slightly greater than the concentrations in 

the upgradient sample, and the concentrations of arsenic in the other samples were generally lower than 

the concentrations in the upgradient sample. It is therefore likely that the concentrations of arsenic are 

naturally occurring at the site. 

5.6.1.4 Sediment 

Table 5-18 summarizes the COPC selection ·process for sediment at SWMU 5. Five sediment samples 

(including the upgradient sample) collocated with the surface water s~mples were collected during the 

. investigation. The following chemicals were retained as COPCs in sediment: . 

• Dioxins/furans 

• Inorganics - aluminum, antimony, and manganese 

These constituents were identified as COPCs in sediment because maximum concentrations exceeded 

U.S. EPA Region 9 risk-based screening levels for residential soil, IDEM default closure levels for direct 

contact, and concentrations in the upgradient sample (05SD010006). The use of the U.S. EPA Region 9 

and IDEM risk-based concentrations for soil to evaluate COPC concentrations in sediment is conservative . . 
. because these criteria were established assuming residential land use scenarios (e.g., routine daily 

. . . '. . 

contact with soils). However,.it is anticipated that a human receptor would be exposed to the sediments 

in the streams and marshy areas of the site on a less frequent basis than is assumed for a typical 

residential exposure to soil. Consequently, the use of soil criteria for screening and risk estimation is 

likely to' overestimate potential risks from exposure to sediment. Chemicals present at concentrations 
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greater than screening concentrations but less than concentrations in the upgradient sample (arsenic and 

iron) are not considered to be site-related contaminants, were eliminated as COPCs, and were not carried 

,through the quantitative risk assessment. 

5.6.2 Exposure Assessment 

This section presents the exposure assessment for SWMU 5. . The general exposure assessment 

approach and the exposure factors, which serve as the basis of the risk assessment, are provided in 

Section 3.3.3. Exposure point concentrations for chemicals of potential concern are summarized in Table 

5-19. 

5.6.2.1 Conceptual Site Model - SWMU 5 

The CSM for the Old Burn Pit, which defines the contaminant source, transport mechanisms, exposure 

routes, and potential receptors for the site, is presented as Figure 5-13. Based on a review of the existing 

data for the site, a release of hazardous constituents to the surrounding soil has occurred as a result of 

historical site operations (i.e., the burning of garbage, trash, and debris and placement of ash and residue 

in the gully north of the burn pit area). The historical data also indicate that residual contaminants in the • 

soil have migrated to ground water via infiltration and percolation. Additional release mechanisms, which 

are also expected to contribute to the contaminant transport, include discharge of ground water to surface 

water and sediment (Culpepper Branch Creek), deposition via surface water runoff, and generation of 

fugitive dust and volatile emissions from soil. 

Current and likely future land use at the Old Burn Pit is expected to be limited. As mentioned previously, 

·the site is currently inactive; no waste disposal activities occur at the site under current land use. All 

hazardous waste generated by NSWC Crane operations is disposed accordingly. All other refuse is 

:disposed in NSWC Crane's sanitary landfill. 

Based on the general scenarios and recept9r classes identified in Section 3.3, the following potential 

receptors may be exposed to contaminated media at the site: 

• Trespassers (ages 6 to 17 years) - Likely receptor under current and future land use. Although 

access to the base is controlled, once inside the base, access to the site is not limited by any physical 

constraints (i.e., the site is not patrolled or enclosed by a fence). In addition, hunting activities are 

permitted at the base. Given that the site is near a forested area, hunters may trespass onto the site . 
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This receptor may be exposed to potentially contaminated surface soil,. air, and surface water and 

sediment in Culpepper Branch Creek. 

• Maintenance Workers - Likely receptor under future land use. This receptor may be exposed to 

.. potentially contaminated surface soil and air. Exposure to ground water at the site and surface water 

and sediment in Culpepper Branch Creek is not expected to occur. 

f 
• Construction Workers ~ Potential receptor under future land use. No construction activities are 

currently planned at the site. In addition, the shallow depth to ground water (as shallow as 4 feet bgs) 

and the topography of a majority of the site (Le.; the gully) would ·Iikely preclude development of the 

area. However, a small, short-term construction project, such as a utility installation, could result in 

exposure to potentially contaminated media.· This receptor may be exposed to surface and 

subsurface soil, air, and ground water. 

• Recreational Users - Potential receptor under future land use. If the facility were to close, the most 

likely scenario is that the property would be converted into a state park. This receptor may be 

exposed to potentially contaminated surface soil, air; and surface water and sediment in Culpepper 

Branch Creek. 

• Residents - Potential.receptor under future land use.· As mentioned previously, development of the 

site would be unlikely because. cif the. shallow depth to ground water and the nature of the site. 

However, other areas of the facility could be developed for residential purposes, if the facility were to 

close. Future residents may be exposed to potentially contaminated surface soil, air, ground water, 

and surface water and sediment in Culpepper Branch Creek. Although this scenario is highly 

. ·unlikely, a future residential scenario is typically evaluated in the risk assessment for d.ecision-making 

purposes. For example, the need for deed restrictions at a site may be eliminated prior to site 

closure, if minimal risks are estimated for residential receptors. 

Table 5-19 presents a summary of the potentially complete and incomplete exposure pathways for 

potential receptors at SWMU 5. Details regarding the assumed receptor characteristics (intake rate,. 

frequency and duration of exposure, body weight, .etc.) are defined in Section 3.3, which presents the 

methodologies for the human health risk assessmerit. 

. As indicated in Section 3.3.3, the following exposure pathways are evaluated in the human health risk for 

SWMU 5. 
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Based on the human health risk screening presented in Table .5-13 (surface soil) and Table 5-15 

(subsurface soil), exposure via inhalation of contaminants migrating from soil to air is not expected to be a 

significant exposure pathway. Maximum site concentrations do not exceed the available U.S. EPA 

generic SSLs for transfers from soil to air. In addition, a large portion of the site is overgrown with 

vegetation, which would limit emissions and mechanical suspension of soil particulates. Because one 

VOC, chloroform, was detected in ground water, the inhalation while showering pathway is quantified for 

hypothetical future residents in the risk assessment: 

95% UCLs were used as' the EPCs for surface/subsurface soil and ground water. Maximum detected 

concentrations were used as EPCs for surface soil, surface water, and sediment because the datasets 

consisted of fewer than 10 samples. The EPCs for those chemicals identified as COPCs in surface soil, 

subsurface soil, ground water, surface water, and sediment at SWMU 5 are presented in Table 5-20. 

5.6.3 Risk Characterization. 

- This section contains a summary of the human health risk assessment for SWMU 5. Uncertainties 

associat"ed with the risk estimates are discussed in Section 5.6.4. The methodology used to calculate the 

risks presented in this section is provided in Section 3.3. Quantitative risk estimates for potential human 

receptors are developed for those chemicals identified as COPCs. Potential noncarcinogenic and 

carcinogenic risks for the construction worker, maintenance worker, adult recreational user, adolescent 

trespasser, and future residents (adult and child) under the RME and CTE scenarios are summarized in 

. Tables 5-21 and 5-22, respectively. The RAGS Part D Table 9s in Appendix G.3 provide the chemical

speCific risks for each COPC .and the total His for affected target organs. Risks for each receptor are 

summed across all applicable exposure routes. Example risk spreadsheets containing the 'detailed, 

chemical-specific ris,ks are included in Appendix G.1. A discussion of the estimated noncarcinogenic and 

carcinogenic.risks is provided in theremainder of this section. 

Noncarcinogenic Risks - RME 

Cumulative His for the maintenance'worker, adult recreational user, and adolescent trespasser under the 

RME scenario are less than unity (1), indicating that no toxic effects are anticipated for these receptors 
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under the defined exposure conditions. Cumulative His for the construction worker, future adult, and child 

resident exceed unity. 

The cumulative HI for the excavation worker is 3.7. The major contributor to this elevated HI is antimony 

(HI = 2.1) by incidental ingestion of surface/subsurface soil. Note that the construction worker was 

assumed to be exposed to the maximum concentration detected in soil (301 mg/kg) because the 

95 percent lognormal UCL exceeded the maximum concentration. Antimony was detected in 13 of 15 

surface/subsurface soil samples; the maximum concentration occurred in surface soil sample 

05SB060002. This sample also contained the highest concentration of lead detected at the site 

(16,900 mg/kg). Lead-antimony alloy is· used in the manufacture of storage batteries, lead shot, arid lead 

electrodes, and elevated concentrations of antimony and lead in this sample may be the result of the 

disposal of scrap metal and debris that are known to have occurred at the site. The concentrations of 

antimony and lead were much lower in the other soil samples. Therefore, this sample may represent a 

hotspot at the site. 

Cumulative His for the future adult and child residents are 5.6 and 27, respectively. These elevated risks 

result from exposure to antimony (adult HI = 1.0, child HI = 9.6) and iron (adult HI = 0.24, child HI = 2.2) in 

surface soil, and to manganese (adult HI= 2.9, child HI = 10) in ground water, primarily by ingestion. 

The His calculated for the hypothetical future resident are subject to the following sources of uncertainty: 

• Risks from exposure to manganese in ground water were based on the maximum detected 

concentration because the maximum concentration exceeded the 95% UCL. As discussed 

previously, the risk estimates are based on analytical results for unfiltered ground water samples. 

Based on results from the two filtered samples collected at the site, the presence of particulate matter 

.in the unfiltered samples may have affected the analytical results. 
/ 

• . There is uncertainty associated with the toxicity criteria used to estimate potential risks for iron. The 

NCEA provisional RfD for iron, which is based on allowable daily intakes rather than adverse effect 

levels, was used to quantify risks from exposure to iron. Since the provisional RfDs are not based on 

adverse health effects, the risks associated with iron are likely t6 be overestimated. 

• Potential receptors were assumed to be exposed to the maximum concentration of antimony detected 

in ·soil (301 mg/kg) because the 95· percent lognormal UCL exceeded the maximum concentration . 

The assumption of exposure to the maximum concentration results in an overestimation of risk. As 

previously noted, concentrations of antimony in the other soil samples were much less than the 

, . 
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maximum concentration (average concentration of antimony in the other samples is approximately 

35 mg/kg). 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

domestic drinking water. However, because of the shallow depth to ground water and the nature of 

the site, it is unlikely that ground water at the site would be used as a source of potable water in the 

future. 

The His associated with direct exposure to surface water and sediment at the site are minimal for all 

receptors (i.e., His are less than unity). 

Carcinogenic Risks 

Cumulative ILCRs for the construction worker, maintenance· worker, adult recreational user, and 

adolescent trespasser are within the U.S. EPA target risk range, 1 X 10.6 to 1 x1 0.4• The total residential 

ILCR (adult + child) is 8.6x1 0.4
, which exceeds the target risk range. 

The elevated carcinogenic risks for residents are primarily a result of exposure to dioxins/furans in soil and • 

ground water (mainly by dermal contact) and to vinyl chloride in surface water. Dioxins/furans (total 

residential soil ILCR = 5. 7x1 0.5 and total ground water ILCR = 4.1 x1 0-4) account for approximately 

55 percent of the total residential carcinogenic risk, and hypothetical future residential exposure to vinyl 

chloride in surface water (ILCR = 3.2x1 0.4) accounts for approximately 38 percent of the total risk. 

The elevated potential carcinogenic risks calculated for the hypothetical future resident are subject to the 

following sources of uncertainty: 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

domestic drinking water. However, because of the shallow depth to ground water and the nature of 

the site, it is unlikely that residences would be constructed at the site. Therefore ground water at the 

site would be used as a source of potable water in the future. 
, 

• The risks from dermal exposure to dioxins/furans in ground water account for approximately 

95 percent of the risks from dioxins/furans in ground water. Risks from dermal contact are,an order of 

magnitude greater than risks from ingestion (note that risks from ingestion are within U.S. EPA's 

target risk range). Dermal risks from ground water were estimated by a U.S. EPA model (U.S. EPA, 

2000) and may not reflect actual chemical intakes. 
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Although the maximum. concentrations of dioxins/furans in soil in terms of2,3,7,8-TCDD TEas 
. . 

(0.226 Ilg/kg in surface soil and 0.464 Ilg/kg in surface/subsurface soil) exceeded risk-based 

screening levels, these TEas are less than the preliminary remediation goal of 1 Ilg/kg established for 
. . . 

2,3,7,8-TCDD TEas in U.S. EPA OSWER 9200.4-26. The maximum TEa for dioxins in ground water 

(1.59 pg/l) is a:pproximately15times less than the current MCl for 2,3,7,8-TCDD (30pg/l). 

• The risks calculated for vinyl chloride are subject to a number of important uncertainties that tend to 

overestimate' potential risks. Vinyl chloride was detected in two of four surface water samples and 

risks were .calculated based on exposure to the maximum detected concentration. Field notes 

indicate that the water was covered with ice at the time. of sampling. Because vinyl. chloride is 

. extremely volatile, it is unlikely that the sampled concentrations' would be present in surface water for 
. . 

n:'ost of the year. Residential risks from surface water are based on the assumption that hypothetical 

. future residents would be exposed to surface water 350 days a year for 30 years. This assumption . 

overestimates risks because a: human receptor would be exposed to the surface water and sediments 

on a less frequent basis than is assumed for a typical residential exposure to drinking water and soil. 
. . . 

Risks for the more reasonable exposure scenarios' (i.e., the adolescent trespasser and the adult 

recreational user) were within U.S. EPA's target risk range. 

The carcinogenic risks associated with exposure to other media at the site are minimal for all receptors (i.e., 

IlCRs are less than or within the U.S. EPA target riskrange). 

The significant sources of uncertainty are further discussed in Section 5.6.4. 

5.6.3.1 Exposure to lead' 

lead was identified as a COPC for surface and surface/subsurface soil at SWMU 5 because maximum 

detected concentrations (16,900 mg/kg) exceed the 400 ing/kg OSWER soi.1 screening level' for 

residential land use. The maximum lead concentration was detected in surface soil sample 05SB060002. 

As discussed previously;' this sample also contains .the highest concentration of antimony in soil at the 

site. lead-antiniony alloy' is commonly used in the manufacture of some lead products, such as storage 

·batteries, ·and it is likely that the lead (and antimony) concentrations at these locations are attributable to 

past d.isposal practices at the site. The average lead concentration in the other surface soil samples .. 

collected at the site is 220 mgikg, which is .less than the 400 mg/kg screening level. However, the 

average concentration of lead in subsurface soil at the site was greater than 1,000mg/kg. The soil in the 

vicinity of sample 05SB060002 may represent a hotspot area at the site. 
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Published toxicity criteria (cancer slope factors, reference doses) are riot currently available for lead. U.S. 

EPA recommends that environmental lead exposures be evaluated using the IEUBK model (U.S. EPA, 

1994b) and the Recommendations of the Technical Review Workgroup (TRW) model (U.S. EPA, 1996c) 

for residential and non-residential exposure scenarios, respectively. The blood-lead concentration of a 

receptor is considered a key indicator of the potential for adverse health effects .. The IEUBK and TRW 

models calculate the probability of a receptor's blood-lead level exceeding 10 Ilg/dL. The U.S. EPA goal 

is to limit the childhood risk of exceeding a: 10 Ilg/dL blood-lead concentration to five percent. 

Child Lead Model Results 

Current U.S. EPA guidance recommends using the average concentration to evaluate exposure to lead. 

Therefore, the average lead concentration in surface soil (2,275 mg/kg), the average concentration in 

surface/subsurface soil (1710 mglkg) , and model default values for other model parameters were used in 

the IEUBK and TRW model analyses. The results of the IEUBK model evaluation for surface soil indicate 

. that the estimated geometric mean blood-lead level for a child resident is 16.25 IlgldL. This blood-lead 

level is greater than the established level of concern (10 Ilg/dL). Approximately 83.75 percent of children 

assumed to. be exposed to surface soil are expected to experience blood-lead levels greater than 

101lg/dL. This estimate is greater than U.S. EPA's goal of limiting exposure to lead so that no more than 

five percent of the exposed children have an estimated blood-lead level greater than the established level 

of concern (i.e" 101l9/dL). 

The results of the IEUBK model analysis indicate that blood-lead levels of children exposed to lead in 

surface soil at SWMU 5 may be greater than 10 Ilg/dL. If the hotspot area were to be removed, the 

average surface soil would be 220 mg/kg and lead would not have been selected as a cope for the site. 

The results of the IEUBK model are presented in Appendix G.1. 

Adult Lead Model Results 

The central estimate blood-lead levels for the construction worker exposed to the average concentration 

oflead (1,710 mg/kg) in surface/subsurface soil ranged from 5.07 Ilg/dL to 5.57 Ilg/dL. This range is less 

than the established level of concern (10 Ilg/dL). The central estimate of blood-lead concentrations for 

fetuses. carried by construction wor~ers exposed to surface soil also ranged from 4.57 Ilg/dL to 

5.02Ilg/dL. These levels are less than the acceptable level of lead in fetal blood (10 Ilg/dL of blood). The 

probabilities that the child blood-lead levels would be greater than 10 Ilg lead/dL of blood ranged from 

9.11 to 17.62 percent. This estimate is greater than U.S. EPA's goal. of limiting exposure to lead so that 
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no more than five percent afthe exposed children have an estimated blood-lead level greater than the 

established level of concern (i.e., 10 119/dL). 

· The central estimate blood-lead levels predicted for the adult recreational user and maintenance worker 

exposed to surface soil (2,275 mg/kg) and to fetuses carried by these receptors were also less than the 

level of concern. Blood-lead levels predicted for the adult recreati~nal user ranged from 3.26 119/dL to 

3.76 Ilg/dL, and the blood~lead levels for the maintenance worker ranged from 2.42 ~g/dL to.2.92 119/dl. 

· The central estimate of blood-lead concentrcitions for fetuses carried by recreational users and 

maintenance workers exposed to surface soil were also less than the level of concern. The probability of 
. " .' '. .' 

a . recreational user bearing a child with fetal blood levels exceeding 10 119/dL ranged from 1.4 to 

7:19 percent and the probability ofa maintenance worker bearing a child with fetal blood levels exceeding 

10 119/dL ranged from 0.47 to 3.58 percent. The probability range for the maintenance worker was less 

than the goal of five percent, and the range for the recreational user slightly exceeds U.S. EPA's goal that· 

no more than five percent of the exposed children would have an estimated blood-lead level greater than 

the established level of concern . 

Results of the TRW adult lead model indicate that predicted blood levels for potential receptors and their 

fetuses were acceptable. However, the probability. of construction iNorker's having children with blood-

· lead levels greater than 10 119/dL slightly exceeded U.S. EPA's goal of five percent. The results of the 

· TRW modeling are presented in Appendix G.1: 

5.6.3.2 eTE Evaluation 

As discussed in Section 3.3.2.2, an evaluation of the potential· risks associated with the CTE scenario is 

included to provide a measure of the central or average case exposure. Summaries cif the estimated risks 

· for the CTE scenarios are contained in Table 5-22 .. 

Cumulative His for the maintenance worker, adult recreational user, and adole~cent trespasser under the 

CTE scenario are iess than unity (1), indicating that no toxic effects are anticipated for these receptors 

under the CTE exposure conditions. Cumulative His for future construction workers; adult residents, ·and 

child residents exceed unity. The cumulative His for the eTE for the construction worker, future adult, 

and child residents are 1.9, 3.2! and 10, respectively. The His exceeding 1 result from exposure to 

antimony and iron in surface soil and to manganese in groundwater. 

The cumulative ILCR for the maintenance worker is less than U.S. EPA target risk range, 1x10·6 to 1x10·4, 

the ILCRs for the future construction worker, adult recreational user, and adolescent trespasser are within 
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the U.S. EPA target risk range, and ILCRs for future residents (adult + child) exceed 1x1 0.4
• The elevated 

CTE risks for residents are primanly a result of exposure to dioxins/furans in ground water (primarily by 

dermal contact). 

5.6.3.3 Evaluation of Chemicals Eliminated on the Basis of Background Comparison 

This following chemicals were eliminated as COPCs solely on the basis of comparison to background. 

Surface chemicals eliminated on the basis of background: AI,As, Mn. 

,Subsurface soils eliminated on the basis of background: AI. 

Ground water: None. 

Surface water:' None. 

Sediment: As, Fe. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Background Comparison. 

Aluminum, arsenic, iron, and manganese were detected in soils and/or sediments at concentrations 

exceeding the conservative screening levels established' for COPC selection but were not selected as 

COPCs because study area concentrations did not exceed background concentrations. The following 

table provides a qualitative risk evaluation of these metals by comparing the maximum detected 

concentrations to the EPA Region 9 PRGs for residential and industrial soil exposure. 

, Parameter Surface Soil Subsurface Sediment Region 9 Region 9 Literature 
Concentration Soil Concentration Residential Industrial Background 

(mg/kg) Concentration (mg/kg) (mg/kg) PRG (mg/kg) 
(mg/kg) (mg/kg) 

Aluminum 14,800 15,700 76;000 100,000 10,000 - 300,000 

Arsenic 26.8 5.3 0.39 1.6 0.1--97 

Iron 14,000 23,000 100,000 7,000 - 555,000 

Manganese 1,170 1,800 19,000 100-4,000 

The PRGs presented for aluminum,iron, and manganese are based on the potential for non-cancer 
, . ' 

health effects (the values are 10 times the COPC screening levels used in this HHRA). The maximum 

detected concentration of aluminum is approximately one-fifth the relevant residential PRG, and one-sixth 
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the relevant industrial PRG. However, based on toxicity information provided by EPA Region 1, the 

Region 9 PRG' for aluminum is very conservative and may over predict the potential for non-cancer 

effects. The maximum detected concentration of manganese is approximately two-thirds the relevant 

residential PRG, and one-sixteenth of the relevant industrial PRG. The maximum detected concentration 

of :iron does not exceed the PRG. The PRG for iron is a very conservative risk-based concentration 

based on a recommended daily intake for iron. The PRG presented for arsenic is based on the potential 

for cancer effects and represent the 1 x10·6 (one-in-one-million) cancer risk level (the values are'the 

COPC screening levels used in this HHRA). PRGs representing the 1 x10·5 and 1 x10·4 cancer risk levels 

would be 10 and 100 times the values presented for the 1 x10·6 cancer risk level. Consequently, the 

maximum detected concentration of arsenic exceeds the 1 x10·6 and 1 x10·5 cancer risk levels, but' not 

, , the1 x10-4 risk level. Additionally, as indicated above, the metals concentrations reported in the soils and 

sediments are within the background range reported in the literature. 

No metals in ground water or surface water were eliminated as COPCs on the basis of background 

because the study area concentrations did not exceed background levels. 

5.6.4 Uncertainty Analysis 

A summary of the uncertainties specific to the human health risk screening for SWMU 5 is included in this 

section. The impact of a particular uncertainty on the results' of the 'risk screening is also identified. 

, General uncertainties associated with the risk estimates were'discussed in Section 3.3.5. 

5~6.4.1 Uncertainty in the Analytical Data 

The databases for surface soil, surface water, and sediment at SWMU 5 contain fewer than 10 samples. 

However, the field sampling program for SWMU 5 was biased toward the areas most likely to 

demonstrate contamination (e.g., places where ash and debris were known to be buried, where disposal 

activities were noted, PID readings). The fact that only a small number of samples is used to estimate 

risks can result in uncertainty both with regard to the cope selection and ,in the EPCs used to ,estimate 

potential risks. This may result in an overestimation of risks because maximum concentrations are used 

as EPCs when datasets contain fewer than 10 samples. 

Vinyl chloride was identified 'as a risk driver for surface water. As stated previously, field notes indicate 

that the water was covered with ice at the time of sampling. Because vinyl chloride is extremely volatile, ,it 

is unlikely that the sampl~d concentrations would be present in surface water most of the year . 
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Therefore, the risks from exposure to vinyl chloride (and other volatiles detected in surface water) may be 

overestimated. 

5.6.4.2 Uncertainty Associated with COPC Sel~ction 

Some constituents identified as COPCs in soil (especially chlorinated volatile organics) were 

conservatively selected as COPCs because maximum concentrations exceeded U.S. EPA and IDEM 

SSLs for migration from soil to ground water using a dilution and attenuation factor (DAF) of 1. However, 
. . 

U.S. EPA's Soil Screening Guidance (U.S. EPA, 1996a) states "The EPA has selected a default DAF of 

20 to account for contaminant dilution and attenuation during transport through the saturated zone to a 

compliance 'point (Le., receptor well). At most sites, this adjustment will more accurately reflect a 

contaminant's threat to ground water resources than assuming a DAF of 1 (i.e., no dilution or 

attenuation)." The guidance further states, "A DAF of 20 is protective for sources up to 0.5 acres in size" 

and "can be protective of larger sources as well." If a DAF of 20 had been used in the COPC selection . . 

process, some compounds, for example, methylene chloride, would not have been selected as COPCs. 

However, use of a DAF of 1 for screening is not expected. to significantly affect the results of the risk 

assessment because the risks calculated for copes selected by a DAF of 1 were minimal. 

COPCs for ground water were selected based on the analytical results from unfiltered ground water 

samples but data from the two filtered samples collected at the site indicate that turbidity in the samples 

may have affected analytical results. Therefore, it is possible that risk estimates based on the unfiltered 

ground water samples are overestimated. 

Drinking water criteria were used as the basis of screening levels for surface water and residential soil 

criteria were use for sediment. This assumes that the surface water is used as a drinking source (Le., 

potential receptors ingest 2 liters of water per day/350 days per year) and potential receptors are exposed 

to sediment on a daily' basis (i.e., 350 days per year). Drinking water criteria are used 'because surface 

water criteria for human health are currently not available. The use of these criteria for screening and risk· 

assessment is conservative because it is unlikely that the water in the creek, drainageways, or marshy 

areas would ever be used as a source of drinking water. In addition, exposure to sediments in the 

streams and marshy areas of the site is expected to occur on a less frequent basis than is assumed for a 

typical residential exposure to soil. 
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Aluniinum, . arsenic, and manganese in 'surface soil and. aluminum in surface/subsurface soil were 

eliminated from the list of COPCs for SWMU 5 because statistical analyses indicate that concentrations of 

these chemicals are within representative basewide background levels. Omission of these chemicals 

from·the risk evaluation may underestimate the potential risks for exposure at SWMU 5; However, a high 

level of confidence is associated with the representative basewide background concentrations. 

Numerous background samples were' collected during the Crane Background Soil. Investigation. 

Additionally, the resultant background data were evaluated for outliers and statistically evaluated using 

various testing methods, which leads to a high degree of confidence. in the established representative 

concentrations. Consequently,' omission of these metals from the soil risk assessment is unlikely to result 

in an underestimation of site-related chemical risks for .SWMU 5. 

Since basewide background data are 'not available. for ground water, surface water,· and sediment, 

concentrations in upgradient samples were used for background comparison by comparing the maximum 

site concentration of a constituent with the concentration irithe sample from the upgradient location. This .. 

method of screening inorganic compounds may result in retention of inorganic compounds as COPCs that 

would not have been selected as COPCs based on a more rigorous statistical background evaluation . 

. Therefore, risks for these media may be overestimated .. 

.5.6.4.4 Uncertainty in the Exposure Assessment 

General uncertainties associated with 'the exposure assessment are discussed in Section 3.3.1.5.2. A 

major source of uncertainty for SWMU 5 is the assumption of future residential use of the site, especially . . 

with regard to. assumed residentialexposLire to COPCs in surface water and sediment. As stated 

previously, development of the site is unlikely because of the shallow depth to groundwa~er and the 

nature of the site. Therefore, the calculated theoretical residential risks for soil, ground water, surface 

water, and sediment do not represent. current site usage and overestimate risks for receptors under 

current and anticipated future land use patterns. 

Risks from exposure to ground water were based on the assumption that the ground water at the site is 

used as a source of d.omestic drinking water. The residential drinking water scenario is evaluated to be 

conservative because ground water at the site is not used and is not expected to be used as a source of 

potable water. 
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Current U.S. EPA guidance (U.S. EPA, 2000) does not pr9vide dermal absorption factors for exposure to 

volatiles and most metals (except arsenic and cadmium) in soil. Therefore, risks for dermal contact from 

soil are not evaluated for volatiles and most metals in this risk assessment. Consequently, risks from 

exposure to soil may be underestimated by omitting dermal exposure to volatiles and metals from the 

quantitative risk assessment. 

5.6.4.5. Uncertainty in the Toxicity Criteria 

Aluminum and/or iron were identified as COPCs for ground water, surface water, and sediment at SWMU 

5. There is uncertainty associated with the toxicity criteria used to estimate potential risks for these 

chemicals. NCEA provisional RfDs for aluminum andiron, which are based on allowable daily intakes 

rather than adverse effect levels, were used to quantify risks from exposure to these constituents. Since 

the provisional RfDs are not based on adverse health effects, the risks associated with these chemicals 

are expected to be overstated. Additionally, risks calculated for iron are based on a RfD of 

0.6 mg/kg/day. However, based on U.S. EPA Region 3 guidance received in March 2000, this RfD is not 

recommended for the evaluation of childhood exposures. The nutritional t)eeds of children differ from 

adults, and a more appropriate RfD for children would be 1.1 mg/kg/day. Consequently, risks calculated 

for the child resident for exposure to iron may be overestimated by a factor of 1.83 (1.1/0.6). 

·Arsenic was identified as a COPC in ground water. Although the more restrictive basis for evaluating risk 

associated with exposure to arsenic is to assume it is a carcinogen, carcinogenic effects are not primary 

health effects expected to be manifested upon exposure to arsenic. The preponderance of scientific 

information indicates that humans are capable of metabolizing arsenic to expedite its elimination from the 

body. Its elimination from the body obviously mitigates the possibility for arsenic to manifest carcinogenic 

effects. Therefore, evaluating arsenic as a noncarcinogen would he more appropriate. Specifically, the 

body methylates the arsenic to form monomethyl arsenic and dimethyl arsenic. There is a limited 

capacity for the body to metabolize methylated arsenic, but this limit is generally reached when the body's 

intake of arsenic approximately exceeds 500 Ilg/day. The maximum detected concentration of arsenic in 

ground water at the site is 1.6 Ilg/L. Assuming a water ingestion rate of 2 liters per d~y,exposure to this 

concentration corresponds to an approximate intake of 3.2 Ilg/day for exposure to ground water. This 

. intake is well within the body's ability to metabolize arsenic. Although some humans may be more . 

. ,sensitive to arsenic, in that they are poor methylators, the maximum exposure concentration for the site is 

more than an order of magnitude below the normal limit of metabolic saturation and is most likely below 

levels that would trigger responses in sensitive individuals. Note that the maximum concentration of 

arsenic is less than the current MCl for arsenic (501l9/l) and the recently proposed MCl (10 Ilg/l) . 
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This section summarizes the results of the human health risk assessment performed for SWMU 5. A brief 

summary of the information contained in the human health risk assessment is provided. 

SWMU 5 is an inactive site that was used from 1942 to 1972. Undefined amounts of rubbish including 

wood, paper, construction material, and industrial wastes were burned at the site in the burn pit area. 

Reportedly, no. explosive materials or wastes were burned at the Old Burn Pit. Residual ash and metal 

debris from the burning activities were buried in the gully north of the burn pit area; This area currently 

contairis miscellaneous metal debris, inCluding decomposed drums and other metal objects that are 
. , 

partially buried or exposed. Currently, the burn pit area of the site has been- covered with gravel ~nd is 

~ used as a parking area for delivery trailers. The gully north of the former burn pit area has' been 

revegetated .. 

The baseline human health risk assessment for SWMU 5 was' performed to characterize. the potential 

risks to likely human receptors under current and future land use. Potential receptors under current land 

use are adolescent trespassers. Potential' receptors under future land use are construction workers, 

maintenance workers, recreational users, and hypothetical residents (adults and children). Althougl:\ 

-future land use is likely to be the same as current land use, the potential future receptors were evaluated 

in the baseline human health risk assessment, primarily for decision-making purposes. The evaluation of 

these receptors is based on the assumption that, if various site conditions were to change in the future, 

potential exposure could occur if the site were developed. 

potential risks associated with inhalation exposures are considered to be minimal. Inhalation of volatile 

emissions and fugitive dust was evaluated qualitatively via a comparison of site data with U.S. EPA generic 

SSLs for transfers from soil to air. Inhalation exposure was considered to be relatively insignificant because 

all detected soil concentrations were. less than the SSLs. In addition, the majority of the site is vegetated, 

thereby reducing the generation of fugitive dust via wind erosion. Inhalation of volatiles from surface water 

and. sediment was considered·· to result in insignificant exposures compared to ingestion and dermal 

exposures. The inhalation of volatiles from ground water that could occur during showering, bathing, and 

other routine household activities was evaluated for SWMU 5 because one VOC (chloroform) was identified 

. as ,a COPC in ground water. 

The list of COPCs for SWMU 5 includes the following: 
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• Surface soil - 1, 1-dichloroethene, benzene, cis-1 ,2-dichloroethene, tetrachloroethene, trichloroethene, 

methylene chloride, vinyl chloride, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenz(a,h)anthracene, Aroclor 1254, pentachlorophenol, dioxins/furans, antimony, barium, cadmium, 

chromium(total), copper, iron, lead, mercury, silver, and zinc. 

• . Surface/subsurface soil - 1, 1-dichloroethene, benzene, cis-1,2-dichloroethene, tetrachloroethene,· 

trichloroethene, methylene chloride, vinyl chloride, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, dibenz(a,h)anthracene, 2-methylnaphthalene, naphthalene, dieldrin, Aroclor 

1254, Arocior 1260, pentachlorophenol, dioxins/furans, antimony, arsenic,. barium, cadmium, 

. chromium(total), copper, iron" lead, manganese, mercury, nickel, silver, and zinc. 

• Ground water - chloroform, bis(2-ethylhexyl) phthalate, dioxins/furans, aluminum, arsenic, iron, and 

manganese. 

• . Surface water ~ 1, 1-dichloroethene, cis-1,2-dichloroethene, trichloroethene, vinyl chloride, aluminum, 

. arsenic, iron, and manganese. 

• Sediment - dioxins/furans, aluminum, antimony, and manganese . 

. Quanthative estimates of noncarcinogenic and carcinogenic risks (His and· ILCRs, respectively) were 

developed for potential human receptors. Minimal risks (Le., His less than unity and ILCRs within the U.S. 

EPA target risk range) were calculated for maintenance workers, adult recreational users, and adolescent 

trespassers. Risks greater than U.S. EPA benchmarks were estimated for construction workers and 

residents (child and adult) under future· land use. The cumulative His for future construCtion workers and for 

future adult and child residents exceeded unity and the cumulative ILCRs for future residents (adult + child) 

exceeded .1.0x1 0-4, the upper limit of the U.S. EPA target risk range. 

The elevated HI for the construction worker was due to exposure to antimony in surface/subsurface soil, 

primarily by ingestion. The construction worker was assumed to be exposed to the maximum 

concentration of antimony detected in soil (301 mg/kg) because the 95 percent lognormal UCL exceeded 

the maximum concentration. The maximum concentration occurred in surface soil sample 05SB060002. 

This sample also contained the highest concentration cif lead detected at the site (16,900 mg/kg). Lead

antimony alloy is us~d in the·· manufacture of storage batteries, lead shot, and lead electrodes, and 

elevated concentrati~ns of antimony and lead in this ~ample maybe the result of the disposal of scrap 

. metal and debris that is known to have occurred at the site. The concentrations of antimony and lead 

. were much lower in the other soil samples. Therefore, this sample may represent a hotspot at the site. , . 

110110/P 5-54 CTO 0010 

• 

•• 



• 
NSWCCrane 

RFI Report for SWMUs 4, 5, 9, 10 
Revision: 4 

Date: July 2005 
Section: 5 

Page 55 of 103 

The elevated His for future residents were the result of exposure to antimony and .iron in surface soil and 

to manganese in ground water, primarily by ingestion. The elevated ILCRs for the future residents were 

the result of exposure to dioxlns/furans in soil and ground water (mainly by dermal contact) and to vinyl 

chloride in surface water. However, significant uncertainties were associated with the risks calculated for 

SWMU5: 

• Risks from exposure to manganese in ground water were based on the maximum detected 

concentration because the maximum concentration exceeded the 95% UCL. Also, as discussed 

previously, the risk estimates are based on analytical results for unfiltered ground water samples. 

Analytical results from the two filtered samples collected at the. site indicate that the presence of 

particulate matter in the unfiltered samples may have affected the. analytical results. 

• There is uncertainty associated with the toxicity criteria used to estimate potential risks for iron. The 

NCEA provisional RfD for iron, which is based on allowable daily intakes rather than adverse effect 

levels, was used to quantify risks from exposure to iron. Since the provisionalHfDs are not based on 

• . . adverse.health effects, the risks associated with iron are expected to be overestimated. 

• 

• Potential receptors were assumed to be exposed to the maximum concentration of antimony detected 

in soil (301 mg/kg) because the 95 p(3rcent lognormal UCL exceede~ the maximum concentration. 

The assumption of expoSure to the maximum concentration results in an overestimation of risk. The 

concentrations of antimony in the other soil samples were much less than the maximum 

concentration (average concentration of antimony in the other samples is approximately 35 mglkg), 

and antimony (and lead) concentrations at location 05SB06 may represent a hotspot condition at the 

site. 

• The risks from dermal exposure to dioxins/furans in ground water account for approximately 

95 percent of the risks from dioxins/furans in ground water. Risks from dermal contact are an order of 

magnitude greater than risks from ingestion (Note that risks from ingestion are within U.S. EPA's 

target risk range). There is uncertainty in the dermal intakes from ground water which were estimated , . 

·bya U.S. EPA model (U.S. EPA, 2000). 

• The risks calculated for vinyl chloride are subject to a number of important uncertainties that tend to 

overestimate potential risks. Vinyl chloride was detected in two of four surface water samples, and 

risks were calculated based on exposure to the maximum deteCted concentration. Field notes 

indicate that· the water was covered with ice at the time of sampling. Because vinyl chloride is 
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extremely volatile, it is unlikely that the sampled concentrations would be present in surface water 

most of the year. Residential risks from surface water are based on the assumption that hypothetical 

future residents would be exposed to surface water 350 days a year for 30 years. This assumption 

overestimates risks because a human receptor would be exposed to the surface water and sediments , 

on a less frequent basis than is assumed for a typical residential exposure to soil. Risks for the more 

reasonable exposure scenarios (i.e., the adolescent trespasser and thEjl adult recreational user) were 

within U.S. EPA's target risk range. 

• The residential ground water scenario assumes that ground water at the site is used-as a source of 

domestic drinking water. However, because of the shallow depth, to ground water and the nature of 

thEi site, it is unlikely that ground water at the site would be used as a source of potable water in the 

future. 

Lead was identified as a cope for surface and surface/subsurface soil at SWMU 5 because maximum 

detected concentrations (16,900 mg/kg) exceed the 400 mg/kg OSWER soil screening level for 

residential land use. The maximum lead concentration was detected in surface soil sample 05SB060002. 

• 

As discussed previously, this sample also contains the highest concentration of antimony in soil at the • 

site. Lead-antimony alloy is commonly used in the ma!lufacture of some lead products, such as storage 

batteries, and it is likely that the lead (and antimony) concentrations at these locations are attributable to 

past disposal practices at the site. The average lead concentration in the other surface soil samples 

collected at the site is 220 mg/kg, which is less than the 400 mg/kg screening level. However, the 

average concentration of lead in subsurface soil at the site was greater than 1,000 mg/kg. The data 

indicate that the soil in the vicinity of sample 05SB060002 may represent a hotspot area at the site. 

Exposure to lead was evaluated by the IEUBK Model for future child residents and for workers and adult 

recreational users by the TRW adult lead model. Results of the IEUBK model analysis indicate that child 

blood-lead levels exceeded the level of concern (10 Ilg/dL) from exposure to lead in surface soil at 

SWMU 5. If the hotspot area were to be removed, the average surface soil would be 220 mg/kg and lead 

would not have been selected as a cope for the site. 

Results of the TRW adult lead model indicate that estimated blood-lead levels of the construction worker, 

recreational user, and maintenance worker are less than 10 Ilg/dL. However, the probability of 

construction workers having children with blood-lead levels greater than 10 Ilg/dL slightly exceeded U.S. 

EPA's goal of five percent. 
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In summary, for SWMU 5, no significant potential health risks for human receptors were determined under 

current land use. Under future land use, elevated' noncarcinogenic and/or carcinogenic risks were 

calculated for construction workers from exposure to antimony in soil and for hypothetical future residents 

".from exposure to antimony, iron, and lead in soil, to dioxins/furans and manganese in ground water, and to 
r , 

vinyl chloride in surface water. Antimony and lead may represent a hotspot condition at the site and there is 

considerable uncertainty associated with the risks calculated for iron, manganese, and vinyl chloride. A 

summary of the major contributors to risks at SWMU 5 is provided in Table 5-23. 

5.7 ECOLOGICAL RISK ASSESSMENT 

;5.7.1 Site Description 

Section 1.0 of this report presents the site background, site layout, and a general site description. The 

following text discusses the site description as it pertains. to the ecological habitat at the site. The 

. ecological checklist for the site is included in Appendix H.5 

. SWMU 5, the Old Burn Pit, consists of. approximately 25 acres located in the alluvial valley of Culpepper 

Branch Creek and is surrounded by a natural network of hills. The burn pit has been filled and leveled· 

(Engineering Science, 1991). A gully to the north is forested with mixed hardwoods and shrubs. The 

walls of the gully are eroded and have. steep slopes. This area contains old waste drums and unburned 

debris. This area has ari average to good quality stand of mixed hardwoods including sugar maple (Acer 

saccharum), white. oak (Quercus alba), and yellow poplar (Liriodendron ,tulipifere) (NRMP, 1991). Nearby 

is Lake Oberlin, which has largemouth bass (Micropterus salmoides) , bluegill. sunfish (Leopomis 

macrochirus) , gizzard shad (Dorosoma cepedianuin) , golden shiners (Notemigonus cryso/eucas) , and 

gold fish (Carassius auratus). 

During a site visit by TtNUS in October 2001, the drainageway north of the site was observed to be 2 to 

3 feet wide and less than 1 foot qeep. The water flow was slow, and there were some stagnant pools. 

The sediment was silty with some sand. No fish were observed in the creek, and the small size of the. 

creek would limit the fish population to a few small fish, if fish are present at all. 

The Culpepper Branch Creek waterbody segment designated state water uses are aquatic life support 

arid primary contact. The Furst Creek waterbody segment designated state water use is aquatic life 

support; . the Furst Creek waterbody segment does not support primary contact. Neither of these 

waterbody segments were assessed as part of the 2004 Indiana Integrated Water QualityMonitoring and 

Assessment Report to determine if they support·fishconsumption (IDEM, 2004). 
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Bald eagles (as discussed in Section 1.3.7) and ospreys are not expected to occur at SWMU 5 due to the 

absence of preferred foraging habitat (large open waters). Similarly, the Virginia rail and king rail are 

found in marshes and mudflats, the Henslow's sparrow is found in damp fields, and the yellow crowned 

night heron is primarily a bird of swamps. These habitats are present at SWMU 5 so the presence of 

these species can not be ruled out. The loggerhead shrike prefers open fields with scattered trees, but is 

occasionally found in open woodlands. Thus, use of the site by the loggerhead shrike would be 
I 

occasional at most. The prime timber rattlesnake habitat is forested land on higher dry ridges with a 

south or southwestern exposure. SWMU 5 is not located on a high dry ridge, so it is unlikely that the 

timber rattlesnake is present at the SWMU. 

Furst Creek discharges oH-site to the West Fork of the White River. The Nongame and Endangered 

Wildlife Program of the Indiana DNR Division of Fish and Wildlife has reported the occurrence of some 

species of special concern in the West Fork White River (IDFW, Annual Report, August 2003). Historic 

information indicates that the eastern sand darter (Ammocrypta pellucida), a species of special concern in 

Indiana, is present in the West Fork White River. A statewide survey for this species was initiated in 2001 

and is currently underway. Additionally, surveys for freshwater mussels are also underway for most of 

Indiana's major drainage basins. A statewide survey for these species was also initiated in 2001 and a 

previously unknown reproducing population of Obovaria subrotunda (round hickorynut), a state species of 

special concern, was located in the West Fork White River drainage (IDFW, August 2003). Notethat 

other threatened, endangered, or special concern species also may be present in the water bodies just 

off-site of Crane, as well. 

.5.7.2 Potential Ecological Receptors and Exposure Pathways 

Based on the above description of, the site and potential contaminant migration pathways, ecological 

. receptors could be directly exposed to chemicals in the surface water and surface soil (i.e., plant and soil 

invertebrates) and indirectly via the food chain (i.e., through the ingestion of plants and invertebrates). 

Figure 5-14 presents the conceptual site model for SWMU 5. Additionally, ecological receptors (i.e., 

aquatic invertebrates) could be exposed to chemicals in the surface water and sediment in the stream. 

The following assessment endpoints (and surrogate wildlife species where applicable) are selected for 

this site: 

• Soil invertebrates 

• Terrestrial vegetation 

• Benthic invertebrates 
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Fish 

Soil invertebrate-eating mammal (short-tailed shrew) 

Herbivorous mammal (meadow vole) 

Invertebrate~eating bird (American robin) 

Herbivorous bird (bobwhite quail) 

Piscivorous mammal (raccoon) 

Pisclvorous bird (belted kingfisher) 
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. . . 
Although piscivorous mammals and birds are included as assessment endpoints, the actual exposure to 

site chemicals is expected to be low because the creek north of the site is ,unlikely to sustain large fish 

populations, The measurement endpoints for each of these assessment endpoints are presented in 

Section 3.4. 

5.7.3 Sampling Investigation and Results. 

A total of eight surface soil locations, five sediment locations, and five surface water locations were 

. sampled at the site and are evaluated as part of· the SERA. Figures 5~6 through 5-12 show the positive 

results for samples collected at these locations. 

Section 5.4 of ·this report discusses the analytical results and nature and extent of contamination for the 

site. In summary, VOCs, SVOCs, pesticides, herbicides, dioxins, and/or inorganic chemicals are detected 

in the soil, 'sediment, and surface water. For the surface soil samples,. a statistical comparison between 

the site data set and the background data set was. conducted to determine if any of the inorganic 

chemicals .in the site sa,mple~a:re detected below background levels (see Section~.4). Als~, surface 

water and sediment station 05SW /SD01 was an' upgr~dient location. Therefore, the chemical 

concentrations in this sample are assumed to represent concentrations in the surface water and sediment 

that ~re not related to activities' at SWMU 5. As such, the inorganic chemical concentrations in the 

remaining surface water and sedimentsamples from SWMU 5 are compared to this upgradient sample 

for the selection of COPCs. If inorganic chemical c;oncentrations are higher at the upgradlent sample 

. than the maximum concentrationot. downgradient samples, the chemical is eliminated as a COPC. 

5.7.4 Ecological Screening 

This section contains the ecological' risk screening evaluation that is conducted for the chemicals 

detected in the surface soil, sediment, and surface water samples. The general methodologies used for 
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. the exposure assessment and risk characterization are presented in Section 3.4 of this report. The 

EDQLs used for the screening are presented in Tables 3-14 and 3-15. 

5.7.4.1 Surface Soil -, 

Table 5-24 is the screening table for plants, invertebrates, and terrestrial wildlife exposed to chemicals 

detected in the surface soil samples. In addition to summary statistics (e.g., frequency of detection), the 

table also includes the results of the comparison to the representative soil background and anthropogenic 

values for ihorganics, which are used to selectCOPCs. Twenty-four dioxins (including total dioxin 

groups), eight VOCs, 18 SVOCs, one pesticide, one PCB, two herbicides, and 20 inorganic chemicals 

,were detected in the surface soil samples. 

All 24 dioxins except 1,2,3,7,8,9-HXCDF and total PECDF exceeded Region 5 screening levels. 

Additionally, cis-1,2-dichloroethene, bis(2-ethylhexyl) phthalate, naphthalene,· antimony, barium, 

cadmium, chromium, copper, iron, lead, mercury, silver, tin, and zinc were initially selected as COPCs 

because the maximum concentrations exceeded the surface soil Region 5 screening levels and the site 

concentrations were statistically greater than. the background concentrations (for "inorganics only). The 

highest EEQs are from several of the dioxin compounds and inorganic chemicals, including cadmium and 

lead. 

5.7.4.2 Sediment 

Table 5-25 is the screening table for aquatic receptors and piscivorous wildlife exposed to chemicals 

detected in the s.ediment. In addition to summary statistics (e.g., frequen~y of deteCtion), the table also· 

includes the results of the comparison to the upgradieht sample, 04SD010006, which is considered a 

representative sediment background and anthropo'genic sample. Nineteen dioxins (including total dioxin 

.groups), three VOCs, 13 SVOCs, one PCB,two herbicides, and 18 inorganic chemicals were detected in 

the sediment samples. 

Five inorganic chemicals· including aiuminum, antimony, barium, manganese, and vanadium were initially 

selected as COPCs because no sediment Region 5 screening levels are available for these chemicals 

and the maximum downgradient concentration exceeded that of 05SD010006. Seventeen ·dioxins, 

2-methylnaphthalene, dibenzo(a,h)anthracene, cis-1,2-dic·hloroethene, trichloroethene, Aroclor 1260, 

cadmium, copper, lead, and zinc were initially selected as COPCs because the maximum concentrations· 

.exceeded the sediment COPC screening level; many dioxins had EEQs greater than 100. 
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Table 5-26 is the surface water screening table for aquatic receptors and piscivorous wildlife. In addition 

to summary statistics (e.g., frequency of detection), the table also includes a ~omparison to the 

upgradient sample, 05SW01 01, which is considered a representative surface water background and 

anthropogenic sample. One dioxin, five VOCs, one SVOC, 11 inorganic chemicals (unfiltered surface" 

"water), and 10 filtered inorganic chemicals were detected in the surface water samples. 

Cis-1,2-dichloroethene, aluminum, iron, and manganese are initially selected as COPCs because no 
. .'. . . 

surface water" COPC "screening levels are available for these chemicals and their maximum detected 

concentrations were greater than the downgradient concentration at 05SW0101 (for inorganicsonly)." 

Total PECDD, trichloroethene and vinyl chloride are initially selected as COPCsbecause the maximum 

" concentrations exceeded the surface water Region 5 screening level with EEQs of 33.8, 1.60, and 9,24. 

5.7.5 Scientific/Management Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a Scientific/Management Decision Point (SMDP) at which point one of the following 

decisions is made (DON, 1999): 

(1) Adequate information exists to conclude that ecological threats at a site are negligible; no further" 

evaluations of ecological risks are necessary. 

(2) Adequate information exists and there is a potential for adverse ecological effects. In" this case, the 

decision can be to either conduct an interim cleanup (if cost-effective to do so) or continue to Step 3. 

Included in the decisions listed above is an evaluation of the adequacy of the available information on 

which the decisions are based. Questions are answered during this evaluation include the following: 
\ 

• "Were adequate numbers of samples collected in the appropriate locations? 

• W~re the samples analyzed for the appropriate parameters and "was the data of sufficient quality for 

use in a risk assessment? 

This section of the ERA describes whether or not the collected data are adequate for making ecological 

"risk decisions for SWMU 5. Section 5.4 of this report contains discussion of the nature and extent of 
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contamination at SWMU 5, and Figures 1-8 and 1-9 show the site topography and site photographs, 

respectively. 

The Old Burn Pit (SWMU 5) is an inactive site that was used from 1942 to 1972. The old burn pit site is 

located in the north.western corner of the NSWC Cran~. The site occupies approximately 25 acres and is 

bounded on the west by Highway 331, on the south by the gravel lot south of the burn pit, and on the east 

by the power line running along a ridge north of Lake Oberline. Undefined amounts of rubbish including 

wood, paper, construction material, and industrial wastes were burned at the site in the burn pit area. 

Reportedly, no explosive materials or wastes were burned at the Old Burn Pit. Residual ash and metal 

debris from the burning activities were buried in the gully north of the burn pit area .. This area currently 

contains miscellaneous metal debris, including decomposed drums and other metal objects, which are 

partially buried or exposed. Currently, the burn pit area of the site has been covered with gravel and is 

used as a parking area for delivery trailers. The gully north of the former burn pit area has been 

revegetated. 

5.7.5.1 Surface Soil 

A total of eight surface soil samples were collected at SWMU 5. All eight surface soil samples were 

analyzed for Appendix IX YOCs, Appendix IX SYOCs, Appendix IX pesticides, Appendix IX PCBs, 

Appendix IX herbicides, Appendix IX dioxins/furans, TAL metals (plus tin), and cyanide. Additionally, one 

surface soil sample was analyzed for CEC (05SB0400P2), pH (05SB060002), and TOC (05SB040002). 

Table 5-2 presents the summary of positive surface soil analytical results and Table 5-24 is the ecological·' 

risk screening table for surface soils. Seventeen individual dioxins, seven total dioxins, eight YOCs, 18 

SYOCs, one 'pesticide, one PCB, two herbicides, and 20 inorganics were detected in surface soils 

samples. Of these, 16 individual dioxins and six total dioxins, one YOC, two SYOCs, and 11 inorganics 

were initially selected as COPCs because their maximum detected concentrations exceeded EDQLs. 

Iron was initially selected as a CO PC because an EDQL was not available for comparison. COPCs 

. considered bioaccumulative (U.S. EPA, 2000) were initially selected for food-chain modeling and are 

presented in Table 5-27. 

Dioxins were encountered at a high frequency at the site. However, maximum concentrations were 

detected primarily in sample 05SB06. Maximum EEQs for the dioxins initially selected as COPCs ranged 

from 1.4 to 25,377. Sample location 05SB06 also has high detedions of other constituents and is located 

in an area where it is known dumping of burned materials occurred. One YOe, cis-1,2-dichloroethene, 

was detected in two of the eight surface soils samples collected at SWMU 5. Its maximum concentration 

was also detected in sample 05SB06 with an EEQ of 3.57. Overall, YOCs were detected less frequently 
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,than other constituents at SWMU 5 and at low concentrations. Bis(2-ethylhexyl)phthalate was detected in 

two of eight samples collected with a maximum EEO of 3.7 in sample 05SB05. The only other detection 

of bis(2-ethylhexyl)phthalate was located in sample 05SB06. These two samples are located in an area 

, where dumping has occurred. For this reason, and because it was not detected in samples collected in 

, other areas of SWMU 5, bis(2-ethYlhexYI)phtha:late contamination is believed to be sufficiently bounded. 

Naphthalene was detected in five of eight samples collected at SWMU 5, with, a maximum EEO of 1.01 in 

. sample 05SB06. Naphthalene concentrations exceeded the EDOL only in this one sample: Detections of . 

naphthalene were found in samples collected from the former burn pit area and in samples 05SB05 and 

05SB06, areas where. dumping of the burned materials occurred but not in outside samples, including 

05SB04, 05SB07, and 05SB08. , PAHs, are' typical by-products of incomplete combustion and it is 

reasonable to find these constituents at the locations where they were dete,cted. Consequently, these 

organic chemicals are likely to be site-related constituents and are further evaluated in Step 3a of the 

BERA. 

,Antimony, barium, cadmium, chromium, copper, lead, mercury, silver, tin, and zinc were initially selected, 

as COPCsbecause their' maximum concentrations exceeded background concentrations and' the EDOLs. 

Maximum EEOs for these inbrganics ranged from 1.9 (silver) to 314,536 (lead) (see Table 5-24). An EEO 

for iron is not available as an EDOL does not exist. Similar to other detected constituents, the majority of 

these chemicals have maximum concentrations in sample 05SB06. Because the surface soil samples 

are well distributed in the burn pit area, and because potential ecological risks exist, these metals in 

surface soils at'SWMU 5 are further evaluated in Step 3aof the,BERA. 

5.7.5.2 Sediment/SLirface Water 

Sediment 

A total of four site-related sediment samples were collected at SWMU 5. All four sediment samples were , 

analyzed for Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, 

Appendix IX herbicides, Appendix IX dioxin/furans, tAL metals (plus tin), cyanide, and TOC. Sample 

05SD010006 (designated as the upgradient sediment sample) was analyzed for the same parameters: 

Table 5-10 presents the summary of the positive sediment results and Table 5-25 is the ecological risk 

screening table for s'ediment. Seventeen individual dioxins, two :total dioxins, three VO~s, 13 SVOCs, 

one PCB, two herbicides, and 18 inorganics were detected in ~ediment samples. Of these, 15 individual 

dioxins, two total dioxins, two VOCs, two SVOCs, one PCB, and nine inorganics were initially selected as 

COPCs because their, maximum detected concentrations exceeded EDOLs. Only five of these 

inorganics, including aluminum, antimony, barium, manganese, and vanadium, were initially selected as 
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COPCs because an EDOL was not available for these chemicals. COPCs considered bioaccumulative 

(U.S. EPA, 2000) were retained for food-chain modeling and are presented in T~ble 5-27. 

The dioxins were detected at a high frequency in site samples with maximum detections primarily at 

sample location 05SD02. However, dioxins were detected in almost all samples at concentrations 

exceeding corresponding EDOLs. EEOs for the dioxins ranged from 1 .12 to 17,287. Dioxins were 

,detected in other media as well. As noted in Section 5.4.5,· dioxin/furan compounds are often found in 

environmental media as a result of 'natural (e.g., forest fires) and anthropogenic activities (i.e., as by

products of various combustion and chemiGal processes). However, it was determined that the· 

concentrations detected in these sediment samples are likely to be attributable to burning at SWMU 5. 

Cis-1,2-dichloroethene and trichloroethene were each detected in one of four sediment samples .. 

Detections for both were observed in sample 05SD020006 with EEOs of 4.8 and 3.9, respectively. As 

indicated in Section 5.4.5, the surface water sample from this location contained a high level of 

suspended solids and is located· downgradient of a surface' soil sample that contained 

cis-1,2-dichloroethene and trichloroethene at concentrations in excess of 2,000 Ilglkg. Because dioxins 

and chlorinated VOCs are likely related to past site activities and are present in high concentrations (i.e., 

EEO exceedan<;:es of 1.0), they will be further evaluated in Step 3a of the BERA. 

Of the SVOCs detected in sediment samples, 2-methylnaphthalene and dibenzo(a,h)anthracene. were 

initially selected as COPCs. 2-Methylnaphthalene and dibenzo(a,h)anthracene were both detected in one 

of the four samples collected with EEOs of 1.19 and 2.6, respectively. These PAHs, as well as most 

PAHs that were detected, had maximum concentrations at sample location 05SD05. As shown in Figure 

5-12, the upgradient sample location 05SD01 contained concentrations of PAHs that were higher than 

site samples. The PAHs detected in the upgradient location are one order of magnitude la·rger than those 

detected in the four sediment samples collected from within or downgradient of SWMU 5. The source of 

PAHs at this upgradient location is not known but may be the result of roadway runoff as PAHs are a 

component of vehicular exhaust and asphalt. Additionally, PAHs may have been transported (in the form 

or ashes or dust) and deposited via wind. Aroclor.1260 was the only PCB detected in SWMU 5 sediment 

samples. PCBs were also detected in surface soil locations 05SB05 and 05SB06 at similar 

concentrations. The presence of Aroclors in sediment is likely the result of past site disposal activities. 
I . 

Nine metals were initially selected as COPCs in SWMU 5 sediment samples. Metals were detected 

frequently at the site with maximum concentrations primarily at sample location 05SD05. As shown in 
.. \ 

Figure 5-12, the concentrations of metals detected in the sediment across the SWMU are similar (i.e., 

• 

• 

.. within one order of magnitude, including upgradient concentrations), indicating no clear pattern of • 

contamination. Also, most of these metals were detected in all other media samples at SWMU 5. 
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A total of four site related surface water samples were collected at SWMU 5, All four surface water 
, ' 

samples were analyzed for Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, Appendix IX 
. . .' 

PCBs, Appendix IX herbicides, Appendix IX dioxin/turan$, total, and dissolved TAL metals (plus tin), 

cyanide, hardness, and total suspended solids. Additionally, sample 05SW0101 was selected to 

.represent the SWMU 5 upgradient surface water sample and it was analyzed for the same parameters. 

Table 5-8 presents a summary of the positive surface water analytical results and Table 5-26 is the 

ecological risk screening for surface water. One dioxin, five VOCs, one SVOC, 11 unfiltered inorganics, ' 

and 10 filtered inorganics. ,Of these, three VOCs, three unfiltered inorganics, and two filtered inorganics 

were initially selected as COPCs. Trichloroethene and vinyl chloride were initially selected as COPCs 

because their maximum detected concentrations exceeded EDOLs: Cis-1,2-dichloroethene, iron, and 

manganese 'were initially selected as COPCs because EDOLs were not available. No COPCs are 

considered bioaccumulative (U.S. EPA, 2000) and so there are no surface water COPCs for food chain 

modeling . 

VOCs are not typically found in surface water samples due to their volatility. At the time the sample was 

collected the surface water was iced over. VOCs would have been prevented from volatilization by the 

ice. As mentioned in Section 5.4.4, VOCs would probably be diluted or would evaporate; however, 

sample 05SW0201, did have a high level of suspended solids (52 mg/L), indicating th~t perhaps these' 

levels are a result of VOC contamination in sediment. However, it is possible that a seep containing 

VOCs is discharging into the surface water and for this reason; VOCs will be further evaluated in Step'3a 

of the BERA. 

Maximum detected concentrations of the inorganics were found in a variety of the samples collected 

indicating no clear pattern of metals contamination. However, because no EDOLs were, available for 

comparison, concentrations of aluminum, iron, and manganese will be further evaluated against available 

alternate toxicity information. 

5.7.5.3 Summary 

In summary, a SERA was performed for SWMU 5. Based on the results of the collected data, adequate 

information exists to determine that potential risks are possible to receptors from exposure to the selected 

COPCs. Also, the samples were placed in areas where the contamination, if present, should be detected . 
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Therefore, the SERA is advancing ·to the Step 3a of the BERA - the refinement of the site-related 

COPCs. 

5.7.6 Step 3a Refinement 

Subsequent to the, i'nitial screening, other factors are considered to further refine COPCs. Thesefactors 
, ' 

include food chain modeling, habitat quality, area use factors, toxicological evaluation of COPCs, 

,frequency of detection, background concentrations, and comparisons of COPCs to alternate 

benchmarks/toxicity (U.S. EPA, 1997; and 2001; Navy, 1999). Section 3A.4 presents the methodologies 

used to further ~valuate risks to ecological receptors in Step 3a. 

Food chain modeling is conducted to investigate potential risks to representative receptors from ingested 

doses of COPCs that are known to bioaccumulate or biomagnify. The methods used to model the doses 

that representative receptors could receive, as well as the selection of TRVs and the calculation sheets 

for the food chain model, are described and presented in Section 3.4.4.2 and Appendix H. The 

assessment Emdpoints associated with food chain, modeling are the protection of ecological receptors 

• 

from adverse effects of COPCs on growth, survival, and reproduction. The associated measurement • 

endpoints are doses of COPCs associated with adverse effects on growth, survival, and' reproduction of 

these receptor groups. 

Coricentrationsof COPCs are compared to alternate (usually less conservative) benchmarks in Step 3a 

of this assessm~nt. These alternate benchmarks are presented in Tables 5~28 (surface soil), 5-29 
, ' , 

, (sediment) and 5-30 (surface water) along with the Step3a evaluation. 

5.7.6.1 Risks to Terrestrial Plants,Terrestriai and Sediment Invertebrates 

Potential risks to terrestrial plants, terrestrial and aquatic invertebrates, and fish from exposure 1'0 COPCs 

,were evaluated using the methodologies described in Section 3.4.4. The following subsections discuss 

whether the chemicals initially selected as COPCs should be retained for further evaluation of risks to soil 

invertebrates and terrestrial vegetation (Section 5.7;6.1.1) and benthic invertebrates (Section 5.7.6.1.2). 

5.7.6.1.1 Terrestrial Plants and Invertebrates - Surface Soil Risk 

Risks to terrestrial plants and invertebrates resulting from exposure to the COPCs in surface soil are 

,evaluated using the methodologies described in Section 3.4.4. Table 5-28 presents a summary of some, 

of the common alternate benchmarks available for surface soil COPCs, along with a summary of the Step 
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3a evaluation. The toxicological basis of the alternate benchmarks is presented below. As presented in 

Table 5-24, several chemicals were detected at concentrations exceeding screening levels .(or screening 

levels were not available) but were eliminated as COPCs because they were not detected at 

concentrations greater than background concentrations. For soil, these chemicals included al·uminum, 

arsenic, cobalt, manganese, nickel, and vanadium. Therefore, risks to these chemicals were not 

evaluated in the ERA, however, any risks would be within background risks and not related to site 

activities. 

As discussed below, the majority of elevated concentrations of metals were found in the northern area of 

the SWMU. Various metal debris piles are located throughout the area (and the steep drop-off into the 

maingully); the waste piles include rusted drums, metal shavings and other pieces of metal. Most of the 

maximum detected· concentrations of metals at the SWMU were found in sample 05SB060002, which 

was described in the field log sheets (Appendix B) as having metal shavings. Because some.of the metal 

shavings were likely inadvertently analyzed along with soil sample; it is not known what percentage of the 

metals in the sample was actually in the soil versus the percentage attributable to the metals shavings. 

The importance of this is that metal shavings are likely not very pioavailable. 

Because metal debris is scattered throughout the northern portion of the SWMU, the contamination in the 

soil .cannot be bounded by· soil samples. Metals concentrations in a soil sample are reflective of a 

particular sample location (Le. near metal debris) or the presence of small pieces of metals in the sample. 

Therefore, two samples relatively close in proximity could have large differences in metals concentrations, 

if one sample contained metal fragments and the other did not. 

. As depicted in the site photographs (Figure 1-9), the site in the area of the metal debris is heavily . 

vegetated so t~emetals do not appear to be significantly impacting the plant community in this area. 

However, the available information alone can not be used to determine whether there are subtle effects to 

theylants. The following paragraphs present the Step 3a evaluation for evaluating risks to plants and 

invertebrates. 

Dioxins 

Many dioxins were initially s!=llected as COPCs because the maximum detected surface soil. 

concentrations exceeded Region 5 screening levels. However, the EDQLs are based on risks to wildlife. 

(Le., the masked shrew) and not risks to invertebrates and plants; therefore alternate toxicological data 

was used to further evaluate risks· to plants and soilinvertebrates. 
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One study reported in the literature demonstrated that two species of earthworms showed no adverse 

effects when exposed for 85 days to soil containing levels of 5 mg/kg of 2,?,7,8-TCDD, but both species 

died at 10 mg/kg (Eisler, 1986). The reason dioxins are not harmful to invertebrates at dioxin levels 

considered "high", is that many, if not all, invertebrates lack the aryl hydrocarbon (Ah) receptor, or a 

comparably sensitive receptor for dioxins. For example, in USEPA (1993), it is noted that the Ah 

receptor has not been detected in plants or nine species of invertebrates, representing eight classes of 

four phyla. The document further notes that aquatic invertebrates are much less sensitive to TCDD than 

fish, this is perhaps due to the absence of the Ah receptor, or a comparably sensitive receptor for dioxins 

USEPA (1993). The Ah receptor is important because the dioxins need to bind to the receptor in order to 

cause toxicity. Van den Berg, (1998) states that "At this time, development of TEFs for invertebrates is 

not recommended because there is limited evidence for ligand activation of Ah receptor or for TCDD-like 

toxicity in invertebrates." For this reason, the potential for risks to invertebrates from dioxins in the soil 

are unlikely. Also, because the Ah receptor has not been detected in plants, it is not likely plants at 

SWMU 5 will be impacted by the detected levels of dioxins in the soil. Therefore, risks to plants and 

invertebrates from dioxins in the soil are acceptable so dioxins are not retained as COPCs for risks to 

these receptors. However, because dioxins are bioaccumulative chemicals, risks to wildlife from dioxins 

are evaluated in SeCtion 5.7.6.2 of this ERA. 

Cis-1.2-dichloroethene 

Cis-1,2-dichloroethene was initially selected as a COPC because the maximum detected surface soil 

concentration of 2.8 mg/kg in sample 05SB060002 exceeded the Region 5 screening level (0.78 mg/kg). 

The EDQL is based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates and plants; 

however, no alternate benchmarks are available so other Step 3a factors are used to further evaluate. 

risks to plants and soil invertebrates. 

Sample 05S8060002 was located near the middle of the site; however the location is not well bounded. 

Cis-1 ,2-dichloroethene was detected in two of the eight samples collected and the only other detection of 

this parameter (sample 05SB080102 - 0.008 mg/kg), was less than the EDQL. VOCs are typically not 

detected in surface soil because they are volatile, but cis-1 ,2-dichloroethene was likely detected because 

the soil samples were collected in the winter, when volatilization is low. However, because there are very 

few receptors in the soil in winter, and because VOCs are not expected to be detected in the surface soil 

during the warmer months when receptors would be present and/or active, it is unlikely that 

cis-1 ,2~dichloroethene in the soil is adversely impacting plants or invertebrates. Therefore, risks to plants 

and soil invertebrates from cis-1 ,2-dichloroethene are acceptable so cis-1 ,2-dichloroethene is not retained 

as a COPC for risks to these receptors. 
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Bis(2-ethylhexyl) phthalate was initially selected as a CO PC because the maximum detected surface soil 

concentration of 3.4 mg/kg at location 058B05 exceeded the Region 5 screening level (0.93 mg/kg) . 

. However, the EDQL is based 'on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates 

,and plants; therefore, alternate benchmarks/toxicity information were used to further evaluate risks to 

plants and soil invertebrates: 

'. ORNL Plant - 100 mg/kg (Efroymson et aI., 1997b) 

The bis(2-ethylhexyl) phthalate ORNL benchmark for plants is based on an effect concentration (EC)50 

value of 134 mg/kg based on effects on the growth of lettuce from seediing to 14 days in loam soils: 

Even tllough the ORNL benchmark is based on an EC50 value, the maximum detected concentration is 

much lower t,han the ORNL plant benchmark so impacts to plants are ~6t expected, Therefore, risks to 

plants from bis (2-ethylhexyl) phthalate are acceptable; bis(2-ethylhexyl)' phthalate is not retained as a 

COPC for risks to plants. ' 

No benchmarks are available' for bis(2-ethylhexyl) phthalate to evaluate risks to. earthworms; therefore, 

the,ORNL earthworm benchmark for dimethylphthalate (200 mg/kg) was used because the toxicity of 

these two phthalatesis anticipated to be generally similar in magnitude. The ORNL earthworm 

benchmark for dimethylphthalate was developed based on survival of adults of four earthworm species. 

After 14 days, a three-fold difference in sensitivity of the earthworms was observed. An lethal 

concentration (LC)50 value of 1,064 mg/kg was the lowest toxic concentration of the three reported. The 

ORNL earthworm value cif 200 mg/kg for dimethylphthalate was obtained. by dividing the Le50 

(1,064 mg/kg) by a safety factor 5 (Efroymson et aI., 1997). Although there are uncertainties in 

.' comparing the maximum, di-n-butylphthalate concentration to toxicity information available for 

dimethylphthalate, the maximum di-n-butylphthalate concentration is much less than the ORNL 

, earthworm benchmark for dimethylphthalate and impacts to invertebrates are not likely. The maXimum 

detected concentration is less than the ORNL earthworm benchmark di-n-butylphthalate so risks to 

earthworms from bis (2-ethylhexyl) phthalate are acceptable; bis (2-ethylhexyl) phthalate is not retained 

as a ,COPC for, risks to earthworms. 
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Naphthalene 

Naph~halene was initially selected as a CO PC because the maximum detected surface soil concentration 

in sample 05S8060002 (0.1 mg/kg) was slightly above the Region 5 screening level (0.1 mg/kg), with an 

EEQ of 1.006. Surface soil concentrations for all other samples were less than the screening level. The 

. EOQL is based on risks to wildlife (i.e., the masked shrew) and not risks to plants and invertebrates; 

therefore, the maximum concentration was compared to the following alternate benchmark to evaluate 

risks to plants and invertebrates. 

.• Canadian SQG - 0.6 mg/kg (EC, 199ge) 

The Canadian SQG for naphthalene of 0.6 mg/kg is based on an Effects Concentration 25 (EC25) for 

lettuce (3 mg/kg) divided by an uncertainty factor of 5 to approximate a no .effects concentration. This 

method was used because only three studies were identified to evaluate risks from naphthalene; two 

were for plants and one was for invertebrates. The EC25 of 3 mg/kg was the lowest value of the three 

studies. The maximum concentration is less than the SQG; therefore, risks to plants and invertebrates 

from naphthalene are acceptable. Naphthalene is not retained as a COPC for risks t6 plants and· 

invertebrates . 

. Antimony 

\Antimony was initially selected as a COPC because the maximum detected soil concentration at location , 

05S806 (301 mg/kg) exceeded the Region 5 screening level of 0.1423 mg/kg and was greater than 

background concentrations. However, the EOQL is based on risks to wildlife (i.e., the masked shrew) and 

·not risks to plants and invertebrates. lherefore, the maximum antimony concentration was compared to 

the following alternate benchmarks to evaluate risks to plants and invertebrates: 

• Eco-SSL for soil invertebrates -78 mg/kg (U.S. EPA, 2003c) 

• ORNL Plant - 5 mg/kg (Efroymson et aI., 1997b) 

• 

The Eco-SSL for soil invertebrates is the geometric mean of the EC20 values reported for each of three 

test species (i.e., Enchytraeid, Springtail, and Earthworm) exposed under similar conditions. The 

maximum detected concentration of antimony at SWMU 5 is greater than the Eco-SSL for soil 

invertebrates; however, antimony concentrations reported for other surface soil locations sampled did not 

exceed the Eco-SSL. As discussed above, metal shavings were observed in the surface soil sample 

collected at 05S806 which likely contributed to the elevated detection of antimony in the sample, • 
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. especially because the detected concentration in this sample was much greater than the next greatest 

detected concentration (76.1 mg/kg). Because the bioavailability of antimony in the soil at 05SB06 is not 

known, and because the detected concentration at this location exceeded the Eco-SSL for invertebrates, 

risks to invertebrates are possible. 

An Eco-SSL for plants is not available; however there is an ORNL plant value. The ORNL plant value of 

5 mg/kg i.s based on a report of unspecified toxic effects on plants grown in a surface soil with the addition 

of 5 mg/kg antimony. Antimony concentrations were greater than the ORNL plant value ,in six of the eight 

samples collected indicating risks to plants are possible, although based on'the heavy vegetation at the 

site, antimony does not appear to be significantly impacting the plant communitY in this area. 

In summary~ risks to plants and invertebrates from antimony in the surface soil are possible because 

detected ,concentrations were greater that benchmarks for plants and invertebrates. Therefore, risks to 
, ' 

plants and invertebrates are unacceptable; antimony is, retained as a COPC for further evaluation for 

these receptors. ' 

Barium 

I?arium was initially selected as a copd; because the maximum detected soil concentration at location 

,05SB06 (2,020 mg/kg) exceeded the COPC screening level of 1.04 mg/kg and was greater than 

background concentrations. However, the EOOL is based on risks to wildlife (Le., the masked shrew) and 

not risks to terrestrial invertebrates and plants~ Therefore; the maximum barium' concentration was 

cO,mpared to the following alternate benchmarks to further evaluate risks to plants and invertebrates: 

U.S.'EPA Eco-SSL for soil invertebrates - 330 mg/kg (U.S. EPA, 2003b). 

ORNL Plant - 500 mg/kg (Efroymson at aI., 1997b) 

The U.S" EPA Eco-SSL of 330 mg/kg for soil invertebrates was developed after a review of over 152 

technical studies. Of the'se, three studies were accepted for inclusion in the development of the Eco-SSL 

based on a ranking that followed U.S. EPA Study Acceptance Criteria. The Eco-SSL is the geometric 

, mean of the EC20 values (based on reproduction) reported for each of three test species under three 

,separate test conditions of pH (U.S. EPA, 2003b).Barium concentrations exceeded the Eco-SSL for soil 
. . . '. . . 

invertebrates in three samples, and, the barium concentration at ,location 05SB05 (328 mg/kg) was just 

slightly less than the Eco-SSL. As discussed above, metal shavings were observed in the surface soil 

sample collected at 05SB06whh::h likely contributed to the elevated detection of barium in the sample, 

especially because the detected concentration in this sample was much greater than the next greatest 
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detected concentration (938 mg/kg). Because the bioavailability of barium in the soil at 05SB06 is not 

known, and because the detected concentration at this location, and several other locations exceeded the 

Eco SSL for invertebrates, risks to invertebrates are possible. 

An Eco-SSL for plants was not generated because only one study wa~ found that met the necessary 

evaluation criteria (U.S. EPA, 2003b). The study;w~s the same study referenced in Efroymson etal., 

(1997b), but the Eco SSL document reported C!- maxi,mum acceptable toxicant concentration (MATC) of 

1,414 mg/kg for growth of bush beans. The ORNL' plant benchmark is based on a study that found a 

38% reduction in shoot growth of barley 14 days after the addition cif 500 mg/kg barium, which was the 

lowest concentration tested (Efroymson et at, 1 ~97b). In another study cited in Efroymson et aI., 

(1997b), shoot growth of bush beans was reduced 30%,after 14 days by the addition of 2,000 ppm, 

barium, but was not reduced at the next lowest level tested, 1,000 ppm. Therefore, the 500 mg/kg. 

benchmark for plants may be conservative for evaluating risks to other plants, even though it caused a 

,38% reduction in shoot growth of' barley~ Barium concentrations were greater than the ORNLpiant 

benchmark in two samples collected at SWMU 5 (05SB060002 and 05SB070002) indicating risks to 

plants are possible, although based on the heavy:vegetation at the site, barium does not appear to be 

significantly impacting the plant community in this ar,ea. 

In summary, risks to plants and invertebrates' from barium in the surface soi,l are possible because 

detected concentrations were greater'than benchmarks for plants and invertebrates. Therefore, risks to 
, , 

plants and invertebrates are unacceptable; barium is retained as a COPC for furthe~evaluation for these 

receptors. 

Cadmium 

Cadmium was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (31.1 mg/kg) exceeded the Region 5 screening level of 0.00222 mg/kg and was greater~ 

than background concentrations. ,However, the EDQL is based on risks to wildlife (i.e., the masked 

shrew) and not risks to, plants and invertebrates. Consequently the maximum cadmium concentration 

was compared to the U.S. EPA Eco-SSLs to further evaluate risks to plants ahd soil invertebrates: 

• U.S. EPA Eco-SSL for soil invertebrates - 140 mg/kg (U.S. EPA, 2003a) 

• U.S. EPA Eco-SSL for plants - 32 mg/kg (U.S. EPA,2003a) 

The U.S. EPA Eco-SSL for soil invertebrates of 140 mg/kg was developed after a review of over 239 

technical studies. Of these, 10 studies were accepted for inclusion in the development of the Eco-SSL. 
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The Eco-SSL is the geometric mean of the MATe. or EG10,values (based on growth, population, or 

reproduction) reported for each of three tes~ ~'~'~bi~S ~V~ib~i~d' Under six separate test conditions .of pH 

(U.S. EPA, 2003a). The U.S. EPA Eco-SSL for plants (32 mg/kg)' was developed after a review of ,over 
. . f'· ' 

716 technical studies. Of these, 14 studies were a66~pted for, inclusion in the development of the Eco-

SSL. The Eco-SSL is the geometric mean of the MATC (based on growth) reported for 14 test species 

under six separate test conditions of pH and percent organic matter (U.S. EPA, 2003a). The maximum 

cadmium detection is less than the Eco-SSLs for plants and soil invertebrates.' Therefore, risks to plants 

and invertebrates from cadmium are acceptable and cadmium is not retained as a CO PC for risks to 

these receptors. However, because cadmium is a bioaccumulative chemical, risks to wildlife from 

cadmium are, evaluated in Section 5.7.6.2 of this ERA. 

Chromium 

Chromium was initially selected as a COPG because the maximum detected soil concentration 

(112 mg/kg) in sample 05SB060002 exceeded the Region 5 screening level of 0.4 mg/kg and was greater 

than background concentrations. However, even though the EDOL is based on risks to invertebrates, the 

following alternate benchmark was used to further evaluate risks to plants and soil invertebrates: 

• Canadian SaG - 64 mg/kg (EC, 1999f) 

As presented in 'the supporting document for the GanadianSOG for chromium (EC, 1999f), the Canadian 

guideline for total chromium (64 mg/kg) is the geometric mean of the threshold effects concentration 

(TEe) of '78 mg/kg for risks to plants and invertebrates and the nutrient and energy cycling check value 

(NECC) of 52 mg/kg. The T~C is the 6th of 22 data points associated with the no observable effects and 

observable effects data for plants and invertebrates and corresponds to the average radish germination 

EC25. As can be seen in 'the supporting document, no effects concentrations for earthworms (235 mg/kg 

to '900 mg/kg) were greater than the no effects concentrations for plants (10 mg/kg to, 230 mg/kg) 

indicating invertebrates are .Iess sensitive to total chromium than plants: The maximum detected 

concentration is less than the NOECs reported for invertebrates indicating invertebrates are likely not 

being adversely impacted from surface soil chromium concentrations. For this reason, risks· to 

invertebrates are acceptable and chromium is not retajned as a COPC for risks to invertebrates. ' 

The maximum concentration of chromium at SWMU 5 is greater than the SOG, which is based on effects' 

to plants; no other samples had detected concentrations of chromium that were greater than the SaG. 

Because Chromium was detected at a concentration in one sample that exceeded the SaG, risks to 
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plants are possible. However, based on the heavy vegetation at· the site, chromium does not appear to 

be significantly impacting the plant community in this area. 

In summary, risks to plants from chromium in the surface soil are possible because detected 

concentrations were greater than. benchmarks for plants; the detected concentrations. are less than 

NOECs for invertebrates. Therefore, risks to plants are unacceptable; chromium is retained as a COPC 

for further evaluation for plants. Because chromium is a bioaccumulative chemical, risks to wildlife from 

chromium are evaluated in Section 5.7.6.2 of this ERA. 

. Copper 

Copper was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (1,520 mg/kg) exceeded the Region 5 screening level of 2.96 mg/kg and was greater than 

the background concentrations. However, the EDQL is based on risks to wildlife (i.e., the masked shrew) 

and not risks to plants .and invertebrates. Therefore, the maximum copper concentration was compared 

to the following alternate benchmark to evaluate risks to plants and invertebrates. 

• Canadian SQG - 63 mg/kg (CCME: 1997c) 

• ORNL Plant - 100 mglkg (Efroymson et aI., 1997b) 

• ORNL Earthworm - 60 mg/kg (Efroymson et aI., 1997a) 

The Cal1adian SQG for copper (63 mg/kg) is the 25th percentile of effects and no effects data distribution 

for plants and invertebrates, which is the 17'h of 69 data points and corresponds to an effect on radish 

seedling emergence. The ORNL benchmark for copper for plants (100 mg/kg) was based on toxicity data 

from .three studies. Two of the studies demonstrated reductions in root and shoot weights of little 

bluestem grown in sandysoil to which 100 ppm copper (as copper sulfate) was added (Miles and Parker, 

1979). The third study showed no effect on leaf and stem weights of bush beans grown in soil to which 

100 ppm copper (as copper sulfate) was added, but leaf weight was reduced 26% when 200 ppm copper 

was added (Wallace et aI., 1977). The ORNL benchmark for copper for invertebrates (60 mg/kg) was 

based on toxicity data from 1 b to 20 studies. The endpoints for most of the studies cited in Efroymson et 

·al., (1997a) aresurvivalor impacts on reproduction (i.e., cocoon production, hatchling success). Because 

:.there were more than 10 studies, the benchmark was based on a 10th percentile LOEC value. However, 

a review of the data in Appendix A.1 of Efroymson et aI., (1997a) shows that most of the studies cited in 

that document have NOECs that are greater than 60 mg/kg. 
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Copper concentrations were greater than the SQG and the ORNL benchmark for earthworms in five of 

the eightsamplescollected at SWMU 5, C6pper' c6ncehtr§iidhs\vere greater than the ORNL benchmark 

for plants in four samples. The sampled areas are located across the SWMU; the greatest concentrations 

are located in the samples collected from the nort~ern part of the SWMU where the metal debris was 

observed. Therefore, there, may be risks to plants and invertebrates from copper in the surface soil, 

although based on the h~avily vegetation at the site, copper does not appear to be significantly impacting 

the plant community at the SWMU. 

In 'summary, risks to plants and invertebrates from copper in the surface soil are possible because 

detected concentrations were, greater that benchmarks for plants and invertebrates. Therefore, risks to 

plants and invertebrates are unacceptable; copper is retained as a COPC for further evaluation for these 

receptors. Because copper is a bioaccumulative chemical, ,risks to wildlife from copper are evaluated in 

. Section 5.7.6.2 of this ERA. 

Iron was initially selected as a C()PC because no Region 5 screening level is available and the maximum 

iron concentration of 105,000 'mglkg in sample 05SB060002 was greater than the background 

concentrations. Ac~ording to the ECO-SSL foriron,(U.S. EPA, 2003d), iron is essential for plant growth, . 

and is generally considered to be, a micronutrient. Because plants regulate its uptake, iron is, not 

expected to be toxic to plants in well aerated soils with pH levels between 5 and 8 S.U. (U.S. EPA, 

2003d). The one surface soil sample measured for pH had a value of 5.1 S.U. Only one surface soil 

, sample was measured for pH, so the pH dat~ for the subsurface soil samples were reviewed. The pH in 

the subsurface' soil samples, which were collected from 5 to 10 feet bgs, ranged from 7.2 to 7.6 S.U. 

Although there are uncertainties in applying pH in the subsurface soil to the ,surface' soil, it is likely thatthe 

average surface soil pH would be between 5 and 8 S.U based on the available data. Therefore, iron is 

not expected to be toxic to plants at the site. No toxicity data was, located to evaluate risks to 

invertebrates from iron, however, because iron is generally considered a non-toxic metal, it is highly 

unlikely that soil invertebrates are being impacted by iron at the SWMU. For these reasons, any potential 

risks to plants and invertebrates from iron are acceptable and iron is not retained as a COPC for risks to 

these receptors. 

Lead was initially selected as a COPC because the maximum detected soil concentration in 05SB060002 

(16,900 mg/kg) exceeded the Region 5 screening level of 0.05373 mgikg and was above the site-specific 
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background concentration. However, the EDQL is based on risks to wildlife (i.e., the masked shrew) and 

not risks to plants and invertebrates, so the maximum concentration of lead was compared to the 

following alternate benchmarks to evaluate risks to these receptors. 

• Eco-SSL for plants - 115 mg/kg (U.S. EPA, 2003e) 

• Eco-SSL for soil invertebrates -1,700 mg/kg (U.S. EPA, 2003e) 

The Eco-SSL for plants is the geometric mean of the MATC values for four test species under three 

different test conditions. Soil pH values of the tests ranged from 4 to 6.3. The ecological endpoint for the . 

derivation of the Eco-SSL for plants was growth. The maximum lead concentration is greater than lhe 

Eco-SSL for plants. The Eco-SSL for soil.invertebrates is the geometric mean·of the MATC values for 

one test species (Fo/somia candida) under three different test conditions (pH of 4.5 to 6.0) and is based 

on a reproductive endpoint. Lead concentrations were greater than the Eco-SSL for plants in five of the 

eight samples collected indicating risks to plants are possible, although based on the heavily vegetation· 

at the site, lead does not appear to be significantly impacting the plant community in this area. 

The maximum concentration of lead at SWMU 5 is greater than the Eco-SSL for soil invertebrates; no 

other samples had detected concentrations of lead that were greater than the Eco-SSL. As discussed 

above, metal shavings were observed in the surface soil sample collected at 05SB06 which likely 

contributed to the elevated detection of lead in the sample, especially because the detected concentration 

in this sample was much greater than the next greatest detected concentration (450 mg/kg). Because the 

bioavailability of lead in the soil at 05SB06 is not known, and because the detected concentration at this 

location exceeded the Eco-SSL for invertebrates, risks to invertebrates are possible. 

The maximum lead concentration in soil at SWMU 5 is orders of magnitude greater than other detected 

concentratbns of lead ·in site samples and is greater than the Eco-SSLs~ As previously mentioned, the 

location of the maximum concentration is also the location for the maximum detection of many other 

metals at SMWU 5 and for this reason lead is retained as a COPC for risks to plants and soil 

invertebrates. Because lead is a bioaccumulative chemical, risks to wildlife from lead are evaluated in 

Section 5.7.6.2 of this ERA. . 

Mercury 

Mercury was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB010002 (0.43 mg/kg) exceeded t~e Region 5 screening level (0.073 mg/kg) and was greater than 

the background concentrations. However, even though the most recent soil ESL of 0.1 mg/kg is based 
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on risks to earthworms, the following alternate benchmark was used to further evaluate risks to plants and 

soil invertebrates: 

-Canadian SQG -12 mg/kg (EC, 1999g) 

As presented in the supporting document for t~e Canadian SaG for. mercury (EC, 1999g), the Canadian 

guideline of 12 mg/kgfor mercury is based on the 25th percentile of effects and no effects data distribution 

for plants and invertebrates: The 25th percentile is the 6th of 22 data points and corresponds to an EC50 

for turnip seedling emergence (50 mg/kg). The EC50 value of 50' mg/kg was then divided by an 

uncertainty factor of 4 considering the importance of definitive effects data. In Appendix VIII of the 
- . 

supp()rting document, NOECs for earthworm survival were reported at 96 mg/kg and 1 00 mg/kg in soils of 

pH 4.0 to 4.2 and 7.4, respectively. 

The maximum concentration is less than the -Canadian SQG; therefore, risks to plants and invertebrates 

are ac~eptable Additionally,the maximum mercury detection was reported for a sample t~at did not have 

elevated concentrations of other metals or organic chemicals indicating mercury is not likely related to site 

activities. Mercury is not retained as a COPC for risks to plants and invertebrates; however, because· 
, . 

mercury is a bioaccumulative chemical, risks to wildlife from mercury were evaluated in section 5.7.6.2. 

Silver was. initially selected as a COPC because the maximum detected soil concentration in sample 

. 05SB060002· (7.5 mg/kg) ex~eeded the Region 5 screening level of 4.04 mg/kg and was greater than 
. . 

. background concentrations. However, the EDQL is based on risks to wildlife (i.e., the masked shrew) and 

. not risks to plants and invertebrates so the following alternate benchmarks were used to further evaluate 

risks to plants and soil invertebrates: 

- ORNL Plant :-'2 mg/kg (Efroymson et aL, 1997b) 

- ORNL Microorganisms - 50 mg/kg (Efroymson et aI., 1997a) 

The ORNL plant benchmark for silver (2 mg/kg) is based ana report of unspecified toxic effects on plants 

grown in a surface soil with 2 mg/kg silver (Efroymson et ai, 1997b). Silver concentrations exceeded the 

ORNL plant benchmark at locations 05SB06 and 05SB03 indicating risks to plants_are possible, although 

based on the' heavy vegetation at the site, silver does not appear to be significantly impacting the plant 

community in this area . 
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No alternate benchmarks are available for risks to soil invertebrates; however, there is an ORNL value for 

risks to microorganisms of 50 mg/kg (Efroymson et aI., 1997a). There is uncertainty in the sensitivity of 

. an earthworm to silver versus the sensitivity ~f microorganisms to silver; however, ORNL values reported 

for other metals for earthworms and microorganisms are relatively. similar (i.e., less than two times) 

(Efroymson et al:, 1997a). The maximum detected concentration of silver is less than the ORNL 

microorganism benchmark so risks to soil invertebrates at SWMU 5 are not likely. Silver is not retained 

as a cope for risks to soil invertebrates. 

In.summary, risks to plants from silver in the surface soil are possible because detected' concentrations 

were greater than benchmarks for plants, b~t risks to soil invertebrates are not likely. Therefore, risks to 

plants are unacceptable; silver is retained as a cope for further evaluation for plants. Because silver is a 

bioaccumulative chemical, risks to wildlife from silver were evaluated in section 5.7.6.2. 

Tin was initially selected as a cope because the maximum detected soil concentration in sample 

05SB080002 (849 mg/kg) exceeded the Region 5 screening I.evel of 7.62 mg/kg and was greater than the 

background concentrations. However, the EOQL is based on risks to wildlife (i.e., the masked shrew) and 

not risks to plants and invertebrates so the following alternate benchmarks were used to further evaluate 

risks to plants and soil invertebrates: 

• ORNL Plant":" 50 mg/kg (Efroymson et aI., 1997b) 

• ORNL Microorganisms - 2,000 mg/kg (Efroymson et aI., 1997a) 

The ORNL benchmark for plants is the only alternate benchmark available for risks to plants. The 

50 mg/kg value is based on two studies conducted in soil. Both studies measured growth as the 

endpoint. In the first study, shoot iNeight of bush beans were reduced by 22% when grown for 17 days in 

500 mg/kg tin while 50 mg/kg had no effect. The. second study reported' unspecified toxic effects on 

. plants grown in 50 mg/kg tin in soil. Tin was detected in seven of the eight samples collected and 

exceeded the ORNL plant benchmark in three of the samples; therefore, risks to plants are possible and 

tin is retained as a cope for risks to plants. Based on the heavy vegetation at the site, however, tin 

does not appear to be significa~tly impacting the plant community in this area 

. , 

No alternate benchmarks are available for risks·to soil invertebrates; however, there is an ORNL value for 

risks to microorganisms of 2,000 mg/kg (Efroymson etal., 1997a). The maximum detected tin 

concentration at SWMU 5 is less than the ORNL tin value for microorganisms. Therefore, it is unlikely 
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earthworms at SWMU 5 are being adverselY,impacted becau~e. the maximum tin detection is below the 
It. I " 

ORNL value for microorganisms; therefore, risks to soil invertebrates from tin are acceptable and tin is not 

retained as a COPC for risks to soil invertebrates. 

, , ' 

In summary, risks to plants from tin in the surface soil are possible because detected concentrations were 

greater than benchmarks for plants, but risks to soil invertebrates are not likely. Therefore, risks to plants 

are unacceptable; tin is retained as a COPC for further evaluation for plants. 

Zinc' 

Zinc was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (5,110 mg/kg) exceeded the Region 5 screening level of 6.62 mg/kg and was greater than 

background concentrations. However, even thouQh the EOaL is based on risks to invertebrates, the' 

. following alternate benchmark was used to further evaluate risks to plants and soil invertebrates: 

• . Canadian SaG - 200 mg/kg (EC, 1999d) 

The Canadian SaG (200 mg/kg) for zinc is the lowest LOEC of the plants and invertebrate data set and is 

based on an effect on seedling emergence for radish (EC, 1999d). The weight-of-evidence method was 

not used to develop the SaG because greater than 50 percent of the "effects" data were dominated by 

median effective or median lethal' concentrations (EC, 1999d). As presented in Appendix VI of the 

Canadian SaG document (EC, 1999d), all of the earthworm effects and· no-effects data (with the 

exception of one test in one study) were equal to or greater than 200 mg/kg, indicating that earthworms 

appear to be less sensitive to zinc than plants. Zinc concentrations were greater than the SaG in five of 

the eight samples collected at SWMU 5. Therefore, risks to plants ~nd invertebrates from zinc in the soil 

are· possible and zinc is retained as a COPC for risks to these receptors.' Because zinc is a 

bioaccumuiative chemical, risks to wildlife from zinc are evaluated in Section 5.7.6.2 of this ERA. 

5.7.6.1.2 Sediment 

Table 5-29 presents a summary of the com.mon alternate benchmarks used in refining the list of COPCs 

in sediment, along with a summary of the Step 3a evaluation. As discussed in the following narrative, 

several inorganic chemicals were not detected in site .samplesat concentrations greater than the 

upgradient concentrations' (background comparisons were not used as a COPC selection criterion for 

organics). For sediment, these included arsenic, iron, and nickel. Any risks from these chemicals would 

. . be within background risks and not related to site activities. 
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Sediment" samples were collected during the winter and because the surface water was frozen, the field 

crew had to break through the ice to collect some of the sediment samples. A site visit for SWMU 5 was 

conducted on June 9, 2004 with representatives from the Navy, USEPA Region 5, IDEM, and TtNUS. 

During that site visit, it was note"d that the creek by 05SD02 was very narrow (approximately one foot 

wide) and only a few inches deep. There were orange deposits on the sediment, likely from the rusting 

metal debris located adjacent to the stream. The stream sedime~t consisted of a fine silt, and appeared 

to be poor habitat for benthic invertebrates. No fish were observed in the stream and it is unlikely that 

significant numbers of fish would inhabit the stream based on its small size. Figure 1-9 includes 

photographs of the stream taken during the field sampling event. 

The aquatic habitat at location 05SD05 is very minimal. Although the photograph of this location in Figure 

1-9 shows the presence of water, the area was completely dry during the June 9, 2004 sampling event, 

and appeared to be a washout area. The runoff from this washout area drains to a concrete culvert along 

the road as is visible in Figure 5-10. It is likely that this area is only wet during periods of rain, snowmelt, 

or other wet times of the year. Therefore, there is no potential for "fish to live in this area and little 

potential for benthic invertebrates. 

The following paragraphs present the Step 3a evaluation for evaluating risks to sediment invertebrates.-

Dioxins 

Many dioxins were initially selected as COPCs because the maximum detected sediment concentrations 

exceeded Region 5 screening levels. In the Interim Report on Data and Methods for Assessment of 

2,3,7,8-Tetrachlorodibenzo-p-dioxin Risks to Aquatic Life and Associated Wildlife (U.S. EPA" 19~3), a 

sediment concentration of 60 ng/kg TCDD is provided as a concentration that would cause a low risk to 

fish. 

As observed on Table 5-25, only three individual dioxins (OCDD, OCDF, and 1,2,3,4,6,7,8-HPCDD) and 

tWo dioxin groups (Total HPCDD and Total HPCDF) had concentrations greater than 60 nglkg. Because 

these dioxins are less toxic to fish than 2,3,7,8-TCDD, the concentrations were multiplied by TEFs from 

Van den Berg et al. (1998) to give toxicity in terms of a TCDD toxicity equivalent (TEO) value. The fish 

TEFs for OCDD, OCDF, and 1,2,3,4,6,7,8-HPCDD are 0.0001, which converts the detected 

concentrations ?f these individual dioxins to TCDD TEO values of 0.61, 0.022, and 0.02 ng/kg, 

respectively. The fish TEFs for HPCDD and HPCDF are 0.001 and 0.01, which converts the detected 

concentrations of these individual dioxins to TCDD TEO values of 0.42. and 1.1 ng/kg, respectively. The 
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· summation of these converted values (i:e:; tKe ~um TEG Value) is much less than 60 ng/kg. Also, as 

discussed in the Step 3a evaluation for dioxins in soil, invertebrates appear to lack the Ah receptor which 
, 

is why dioxins do not cause toxicity to invertebrates at low concentrations. Therefore, risks to aquatic . 

receptors from dioxins in the sediment are acceptable and dioxins are not retained as COPCsfor risks to 

sediment dwelling invertebrates. However, because dioxins are bioaccumulative chemicals, risks to 

· piscivorous wildlife from dioxins are evaluated in Section 5.7.6.2 of t.his ERA. 

Cis-1 ,2-dichloroethene and Trichloroethene 

Cis-1,2-dichloroethene. and trichloroethene were initially selected as COPCsbecause their maximum 

detected sediment concentrations of 1 mglkg and 0.7 mg/kg, respectively, in sample 05S0020006 

exceeded the Region 5 screening levels. These VOCs were both dete"cted in one of four samples. 

collected. The updated EOOLs (now called ESLs) were used to further evaluate risks to sediment 

invertebrates from exposure to VOCs in the sediment, as follows: 

Cis-1,2-dichloroethene ESL - 0.654 mg/kg (U.S. EPA, 2003) 

Trichloroethene ESL - 0.112 mg/kg (U.S. EPA, 2003) 

The detected concentrations are greater than the new ESLs; however, the location of the maximum 

· concentration (05S002) is very poor aquatic habitat, as discussed above. Because VOCs are volatile,. 

their presence in environmental samples was somewhat unexpected. VOCs were likely detected 

because the samples were collected in winter when volatilization is lower. The concentrations of the 

VOCs are expected to be ·Iower in the warmer ·months (because of volatilization) when the sediment 

dwelling invertebrates .are more viable. Also, the VOCs were not detected in the downgradient sediment 

sample location (058003) which indicates that they are either volatilizing and/or diluting after a short 

distance (see Figure 5-11). Although the detected concentrations slightly exceeded the, ESLs, risks to 

benthic invertebrates from these VOCs are not expected because the VOGs are not likely to present 

during the warmer months when aquatic organisms may be present in the stream. Therefore, potential 

risks to aquatic receptors from VOCs in the sediment are acceptable and cis-1,2-dichloroethene and 

trichloroethene are not retained as COPCs. 

PAHs 

PAHs were initially selected as COPCs because they were detected at concentrations greater t~an the 

EOOLs. Although 2-methylnaphthalene and dibenzo(a,h)anthracene ~ere the only PAHs detected at 

maximum concentrations exceeding the Region 5 screening levels, total PAHs were evaluated instead of 
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the individually detected PAHs because the toxicity of PAHs may be additive and there are several 

sediment benchmarks for total PAHs. The maximum total PAH concentration was found at sample 

location 05SD05 and calculated at 0.104 mg/kg. Because an EDQL for evaluating total PAHs is not 

available, total PAH concentrations are compared to the following alternate benchmark: 

• Consensus-based Threshold Effect Concentration (TEC) - 1.61 mg/kg (MacDonald et aI., 2000) 

-The consensus-based TEC is the geometric mean of the threshold effect level (TEL; Smith et aI., 1996),

effect range low value (ER-L; Long and Morgan 1991), lowest effect level (LEL; OMOE, 1993) minimal 

effect threshold (MET; EC and MENVIQ 1992) and sediment quality advisory levels (SQALs; U.S. EPA_ 

1997) -for each chemical. These effects levels were calculated using slightly different methods, but they 

all represent concentrations below which impacts to sediment invertebrates are unlikely or not expected. 

For that reason, the consensus-based TEC is intended to identify contaminant concentrations below 

which harmful effects on sediment-dwelling organisms are not expected: The maximum total PAHs 
- " 1 ., 

concentration is less than the consensus-based TEC indicating risks to sediment dwelling organisms are 

not expected. 

Therefore, risks from PAHs (including 2-methylnaphth~lene and dibenzo(a,h)anthracene) to aquatic 

receptors at SWMU 5 are acceptable; these chemicals were not retained as COPCs for risks to sediment 

invertebrates. However, because PAHs are bioaccumulative chemicals, risks to piscivorous wildlife from -

these PAris are evaluated in Section 5.7.6.2 of this ERA. 

Aroclor-1260 

Aroclor-1260 was initially selected as a coPg because the maximum detected sediment concentration in 

sample 05SD020006 (0.17 mg/kg) exceeded the Region 5 screening level of 0.034 mg/kg. The most 

recent EDQL (now called, ESLs) (U.S. EPA, 2003) is based on the consensus-based TEC. The TEC, 

along with the consensus-based Probable Effect Concentration (PEC) were used to further evaluate risks 

to sediment invertebrates from exposure to PCBs in the sediment, as follows: 

• Consensus-based TEC - 0.0598 mg/kg (MacDonald etal., 2000) 

• Consensus-based PEC - 0'.676 mg/kg (MacDonald et aI., 2000) 

The sediment ESL is the consensus-based TEC as described above for PAHs. The PEC was derived 

similarly to the TEC but is the geometric mean of the probable effect levels (PELs; Smith et af., 1996), 

effect range median values (ER-Ms; Long and Morgan, 1991), severe effect levels (SELs; Persaud et aI., 
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.1993) and Toxic Effect Thresholds (TETs; Ec and MENVIQ, 1992). The PEC is the level above which 
J 

harmful. effects on sediment dwelling organisms are expected to frequently occur (MacDonald, et aI., 

2000). The niaximumconcentration is less than the PEC. 

The only. detected Aroclor~ 1260 concentration in a SWMU 5 sediment sample is greater than the TEC but 

much less than the PEC. Because the concentration of the one Aroclor-1260 detection is between the 

TEC and the PEC, impacts to benthic invertebrates are possible. However, because of the 'poor habitat 

at 05SD02, potential risks in the vicinity of this location are not great enough to warrant carrying Aroclor-

1260 in the sediment through a BERA. Consequently, risks to benthic invertebrates from Aroclor-1260 

are acceptable ~o Aroclor-1260 is not retained as a COPC for risksto sediment dwelling invertebrates . 

. Because Aroclor-1260 is a bioaccumulative chemical, risks to piscivorous wildlife from Aroclor-1248 are 

evaluated in Section 5.7.6.2 of this ERA. 

Aluminum 

Aluminum was initially selected asa COPC because a Regioh'5screening level is riot available and the 

maximum concentration (7,660 mg/kg) is greater than the upgradient sediment concentration. The 

alternate· benchmark selected for aluminum. is the TEL of 25,500 mg/kg (Buchman, 1999). The TEL 

represents the concentration below which adverse effects on survival or· growth of the arnphipod Hyalella . 

azteca are ·expected to occur only rarely in 28 day tests (MacDonald et aI., 2000). The maximum 

aluminum (7,000 mg/kg) in sample 05SD050006 was less than the TEL. Therefore, risks to sediment 

dWEOllling invertebrates from aluminum are acceptable and aluminum is not retained as a COPC for risks to 

sediment dwelling invertebrates. 

Antimony 

Antimony was initially selected as a CO PC because a Region. 5 screening level is not available and the 

maximum concentration (5.8 mg/kg) is greater than the upgradient sediment concentration. The alternate 

benchmark selected for antimony is the ER-L of 2 mg/kg. (Long and Morgan, 1991 ).The ER-L values were 

developed by first sorting the chemical concentrations in sediment samples that were associated with 

-adverse effects by ascending concentrations. The ER-L is the lower 10th percentile of the data and 

indicates. the .Iow end of the range of concentrations in which effects were observed or predicted. The 

ER~M is the 50th percentile of the data and indicates the point above which adverse effects to sediment 

invertebrate are probable. The ER-M for antimony is 25 mg/kg . 
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Antimony was detected in two of the four site samples at concentrations slightly greater than the ER-L,. 

but the concentrations were much less than the ER-M. Th!3refore, effects to sediment invertebrates are 

possible, but not .probable. Note that there is some uncertainty in using the ER-L to evaluate risks to 

sediment dwelling invertebrates at SWMU 5 because saltwater studies were used to develop the ER-L. 

The maximum detected concentration was in the sediment sample collected at 05SD05, which is the 

drainage swale with very little aquatic habitat. Therefore, risks to sediment invertebrates in this area are 

unlikely because the invertebrates are not likely to be present. The other detected concentration greater 

than the ER-L, was a concentration of 2.2 mg/kg in the sediment sample collected at 05SD02. This. 

· concentration just slightly exceeded th~ ER-L so effects to sediment invertebrates are unlikely. 

In summary, two sediment samples had detected concentrations of antimony slightly greater than the 

ER-L. Effects to sediment dwelling invertebrates are unlikely because of the lack of suitable habitat at 

one location and marginal exceedance of the ER~L at the other location. For that reason, risks to benthic 

invertebrates from antimony are acceptable so antimony is not retained as a COPC for risks to sediment 

. dwelling invertebrates. 

Barium 

· Barium was initially selected as a COPC because a Region 5 screening level is not available and the 

maximum concentration (148 mg/kg) is greater than the upgradient sediment concentration. The only 

available alternate benchmark for barium is the Apparent Effects Threshold (AET) of 48 mg/kg·(Buchman, 

1999). Based on the Navy's agreement with u.s. EPA, if a chemical only has a higher effects level such 

as an AET, the chemical will not be eliminated as a cope even it-the maximum detection is below the 

higher effects level, unless other Step 3a factors can be used to justify.the chemical's elimination as a 

COPG. Barium·was detected in all four sediment samples at SWMU 5 at concentrations ranging from 

76.6 mg/kg to 148 mg/kg) which are greater than the AET and the upgradient sediment concentration 

(55 mg/kg). To put theconcentrations in perspective, the barium concentrations in all of the sediment 

· samples are 'within .the soil background data set for NSVVC Crane (24.8 mg/kg -155 mg/kg). This 

indicates that although the barium concentrations are elevated compared to the upgradient sediment 

sample, they are not significantly elevated in the sediment at the site. Additionally; the aquatic habitat at 

SWMU 5 is poor; potential risks to aquatic organisms from barium in the sediment are not great enough 
. . 

to warrant retaining it as a COPC for further evaluation in the BERA. 
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Cadmium was initially selected as a CO PC because the maximum detected sediment concentration 

(2.5 mg/kg) exceeded the Region 5 screening level of 0.596 mg/kg and was greater than the upgradient 

sediment concentration. The most recent EDOL (now called ESLs) (U.S. EPA, 2003) is based on the 

TEC. The TEC, along with the PECwere used to further evaluate risks to sediment invertebrates from 

exposure to cadmium in the sediment, as follows: 

• Consensus-based TEC - 0.99 mg/kg (MacDonald et aI., 2000) 

• Consensus-based PEC -:- 4.98 mg/kg (MacDonald et al. 2000) 

The, maximum cadmium concentration is, greater than the TEC, but less than the PEC. Based on the 

toxicological basis ?f the TEC and PEC as presented above for Aroclor-1260, impacts to benthic 

invertebrates from cadmium concentrations in the sediment are possible. However, cadmium was only 

detected in one of the four sediment samples, at location 05SD05, where the aquatic habitat is poor to 

non-existent. Location 05SD05 is a drainage swale that is typically dry and is not 'likely to support 

benthic organisms. Therefore, effects to sediment invertebrates from cadmium are unlikely so risks are 

acceptable; cadmium is not retained as a COPC. Because cadmium is a bioaccumulative chemical, risks 

to piscivorous wildlife from cadmium are evaluated in Section 5.7.6.2 of this ERA. 

Copper 

Copper was initially selected as a COPC because the maximum detected sediment concentration 

(37.1 mg/kg) exceeded the Region 5 screening level of 16 mg/kg and was greater than the upgradient 

sediment concentration~ The most recent EDOL (now called ESLs) (U.S. EPA, 2003) is based on the 

, TEC. The TEC, along with the' PEC were used to further evaluate risks to sediment invertebrates from 

exposure to copper in the sediment, as follows: 

• Consensus-based TEC - 31.6 mg/kg (MacDonald ,et aI., 2000) 

• Consensus-based PEC -149 mg/kg (MacDonald et aI., 2000) 

, The maximum copper concentration is slightly greater ,than the consensus-based TEC in the sediment 

sample collected at 05SD05, but the concentration is much lower than the consensus based PEC. All 

other detected copper concentrations were less than the TEC. Based on the toxicological basis of the 

TEC and PEC as presented above for Aroclor-1260, impacts to sediment invertebrates 'from 

concentrations in the sediment are possible. However, location 05SD05 isa drainage swale that is 
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typically dry and is not likely to support benthic organisms. Therefore, effects to sediment invertebrates 

from copper are unlikely so risks are acceptable; copper is not retained as a COPC. However, because 

copper is a bioaccumulative chemical, risks to piscivorous wildlife from copper are evaluated in Section 

5.7.6.2 of this ERA. 

Lead 

Lead was initially selected asa COPC because the maximum detected sediment concentration in sample-

05SD050006 (130 mg/kg) exceeded the Region 5 screening level of 31 mg/kg and was greater than 

upgradient sediment concentrations. The most recent EDQL (now called ESLs) (U.S. EPA, 2003) is 

based on the TEC. The TEC, along with the PEC were used to further evaluate risks to sediment 

invertebrates from exposure to lead in the sediment, as follows: 

• Consensus-based TEC - 35.8 mg/kg (MacDonaldet ai., 2000) 

• Consensus-based PEC - 12Bing/kg (MacDonald et ai., 2000) 

The maximum lead concentration is greater than the TEC and slightly greater than the PEC. All other 

detected lead concentrations were less than the TEC. Based on the toxicological basis of the TEC and 

PEC as presented above for Aroclor-1260, impacts to sediment invertebrates from concentrations in the 

sediment are probable. However, location 05SD05 is a drainage swale that is typically dry and is not 

likely to support benthic organisms. Therefore, effects to sediment invertebrates from lead are unlikely so 

risks are acceptable; lead is not retained as a COPC. However, because lead is a bioaccumulative 

chemical, risks to piscivorous wildlife from lead are evaluated in Section 5.7.6.2 of this ERA. 

Manganese 

Manganese was initially selected as a COPC because a Region 5 screening level is not available arid the 

maximum concentration (812 mg/kg) is greater than the upgradient sediment concentration so the 

following alternate benchmarks were used to further evaluate risks to sediment invertebrates: 

• Canadian Sediment Guidelines LEL - 460 mg/kg (OMOE, 1993) 

• Canadian Sediment Guidelines SEL - 1,1 00 mg/kg (OMOE, 1993) 

The LEL indicates the level of sediment contamination which has no effect on and can be tolerated by the 

majority of sediment-dwelling organisms. The Canadian sediment guidelines were developed by first 

calculating the 90th percentile of the concentrations evaluated in toxicity studies where a species was 
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present, and then plotting the 90th percentile concentrations for all of the species considered t6 develop 

the guideline. The 5th percentile of the pl'?t was selected as the LEL for metals and the 95th percentile 

from the plot was selected as the SEL for metals. 

Manganese was detected at a maximum concentration of 812 mg/kg in saJTIple 05S0030006 and the 

manganese concentrations in two of the four site samples exceed the LEL; none of the detected 

concentrations of manganese were greater than-the SEL. Based on the definition of theLEL and SEL, 

potential impacts to benthic invertebrates at those locations are possible. However, manganese 

concentrations in the surface soil samples are within background concentrations and' are not site-related. 

Because the source of manganese in the sediment would be surface soil runoff, it is likely that the 

manganese in the sediment is also not related to site activities. Therefore, although some risks, may be 
. -

possible to sediment dwelling invertebrates (even though the habitat is poor), these risks are f10r great 

enough to warrant carryirig manganese through a BERA and manganese is not retained asa cOPC. 

Vanadium 

. Vanadium was initially selected as a COPC because a Region 5 screening level is not available and the 

maximum concentration '(16.7 mg/kg) is greater than the upgradient sediment concentration. The orily 
I . . 

available alternate_-benchmarkfor vanadium is the AET of 57 mg/kg (Buchman, 1999). As mentioned 

-above for bariUm, the Navy has agreed with the U.S. EPA to not eliminate a COPC if the chemical only 

I has a higher effects level, unless other Step 3a factors can be used to justify the chemical's elimination as 

a COPC.· For vanadium, the chemical concentrations in the sediment ranged from 10.2 mg/kg to 

16.7 mg/kg, which were less than and only slightly greater than the concentration in the upgradient . 

sample of 15.1 mg/kg and less than the AET. Therefore, although risks to benthic invertebrates can not 

be ruled out because' of the lack of lower-effects toxiCity data, any potential site-related risks from 

vanadium are not great enough to warrant carrying vanadium through the BERA process. Vanadium is 

not retained asa COPC for risks to sediment dwelling invertebrates. 

Zinc 

Zinc was initially selected as a cope because the maximum detected sediment concentration 

(243 mg/kg) in sample 05S0050006 exceeded the Region 5 screening level. All other concentrations 

. from this site were at or below 110 mg/kg. The most recent EOQL (now called ESLs) (U.S. EPA, 2003) is . 

based on the TEC .. The TEC, along with the PEC were used to further evaluate risks to sediment 
. . , 

invertebrates from exposure to zinc in the sediment, as follows: 
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The maximum concentration of zinc (at location 05SD05) in the sediment samples is greater than the 

TEC, but the concentration is less than the PEC; none of the other samples had zinc concentrations that 

exceeded the TEC. Location 05SD05 is a drainage swale that is typically dry and is not likely to support 

benthic organisms. Therefore, effects to sediment" invertebrates from zinc are unlikely so risks are 

acceptable; zinc is not retained as a COPC. However, because zinc is a bioaccumulative chemical, risks 

to piscivorous wildlife from zinc are evaluated in Section 5.7.6.2 of this ERA. 

5.7.6.1.3 Surface Water 

Table 5-30 presents a summary of the common alternate benchmarks used in refining the list of COPCs 

in surface water, along with a summary of the Step 3a evaluation. The upgradient. surface water 

concentrations are presented in Table 5-26. Water-quality standards (WaS) for surface water have been 

developed for Indiana (IDEM, 1998}. In addition, U.S. EPA has established water-quality criteria (WaC) 

for a few contaminants (U.S. EPA, 2002). The Indiana was were not used in the evaluation because the 

was are based on the dated U.S. EPA wac. Therefore, it is more appropriate to use the updated U.S. 

EPA wac. 

Surface water samples were collected during the winter and because the surface water was frozen, the 

field crew broke through the ice to collect some of the samples. A site visit for SWMU 5 was conducted 

on June 9, 2004 with representatives from the Navy, U8EPA Region 5, IDEM, and TtNUS. During that 

site visit, it was noted that the creek by 058002 was very narrow (approximately one foot wide) and only 

a few inches deep. There were orange seeps discharging to the surface water, likely from the rusting 

metal debris located adjacent to the stream. No fish were' observed in the stream and it is unlikely that 

significant numbers 9f fish would inhabit the stream based on its small size. "It is more likely that the 

aquatic invertebrates would be present in the surface water, although their numbers would also be limited 

by the poor aquatic habitat. Figure 1-9 includes photographs of the stream taken during the field 

sampling event. 

The aquatic habitat at location 05SD05.is very minimal. Although the photograph of this location in Figure 

1-9 shows the presence of water, the area was completely dry during the June 9, 2004 sampling event, 

and appeared to be a washout area. The runoff from this washout area drains to a concrete culvert along 

the road as is visible in Figure 5-10. It is likely that this area is only wet during periods of rain, snowmelt, 
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or other wet times of the year. Therefore: iti~re .is no:' potential for fish to live in this area and little 

potential for aquatic organisms. 

The following paragraphs present the Step3a evaluation for evaluating risks to aquatic organisms. 

Total PECDD 

Total PECDD was initially selected as a cope because the maximum detected surface water 

concentration at sample location 05SW04 (O~0000094 ~g/L) exceeded the Region' 5 screening level of 

0.000000278 ~g/L. PECDD has a TEF of 1.0 indicating that its toxicity is similar to 2,3,7,8-TCDD.ln the 

Interim Report on Data and Methods for Assessment of 2,3,7,8-Tetrachlorodibenzo-p-dioxin Risks to 

Aquatic' Life and Associated Wildlife (U.S. EPA, 1993), water concentrations associated with low risk to 

fish are provided for waters with different particulate organic carbon (POC) concentrations. These 

concentrations are 0.0000006 ~g/L for waters with a POC of 0.2 mg/L, and 0.0000031 ~g/L for waters 
. . 

with a POCo of 1 mg/L. The maximum detected concentration of PECDD is greater than both of those 

values. However, as discussed above, invertebrates are. more likely than fish to be present in these 

streams. As discussed in Section 5.7.6.1.1, aquatic invertebrates are much less sensitive to TCDD than 

fish, which is perhaps due to the absence of the aryl hydrocarbon (Ah) receptor, or a comparably 

sensitive .receptor for 'dioxins USEPA (1993). Therefore, it is unlikely that the PECDD detection in the 

one surface water sample' will adversely impact aquatic organisms in the stream at SWMU 5. 

Consequently, risks to aquatic' organisms from PECDD are acceptable so PECDD is not retained as a 

COPC for further evaluation of risks to aquatic organisms. Because dioxins are bioaccumulative 

chemicals, risks to piscivorous wildlife from PECDD are evaluated in Section 5.7.6.2 of this ERA. 

Cis-1,2-dichloroethene 

Cis-1 ,2-dichloroethene 'was initially selected as a COPC because no Region 5 surface water screening 

level is available. The maximum detected surface water concentration was 290 ~g/L at sample location 

05SW0201 . and is. less than' the current ESL for trans-1,2-dichloroethene of 970 jig/L. Therefore, 

cis-1,2-dichloroethene .. is not expected to effect aquatic organisms so risks are acceptable; 

cis-1 ,2-dichloroethene is not retained as a COPC. 

T richloroethene 

Trichloroethene was initially 'selected· as a COPC because the maximum detected surface water 

concentration (12.0 ~g/L) in sample 05SW0201 exceeded the Region 5 screening level of 75 ~g/L. The 

maximum concentration also exceeds' the new ESL of 47 IJg/L which is based on the ORNL Tier II 
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method. Trichloroethene was detected in one other sample at a:, concentration (48 I-Jg/L) slightly 

exceeding the ESL. The presence of trichloroethene in the surface water samples was somewhat 

unexpected because trichloroethene is volatile, but it was likely detected because the samples were 

collected in winter when volatilization is lower. The concentration of trichloroethene is expected to be 

lower in the warmer months (because of volatilization) 'when the aquatic organisms are more viable. 

Although the detected concentrations slightly exceeded the ESLs, risks to benthic invertebrates from 

these VOCs are not expected because the VOCs are not likely to present during the warmer months 

when aquatic organisms may, be present in the stream. Also note that the ESL is likely a very 

. conservative number because the lowest chronic value for all aquatic organisms is 7,257 Ilg/L for 

daphnids,' and the population effects concentration (EC)20for trichloroethene is 232 pg/L (Suter and 

Tsao, 1996). The Tier II value is low because of the numerous uncertainty factors that are applied to the 

effects concentrations. Therefore, trichloroethene is not expected to effect aquatic organisms so risks are 

acceptable; trichloroethene is not retained as a COPC. 

Vinyl chloride 

Vinyl chloride was initially selected as a COPC because the maximum detected surface water 

concentration (85 Ilg/L) exceeded the Region 5 screening level. of 9.2 Ilg/L. However, the maximum 

concentration is less than the current ESL for vinyl chloride of 930 Ilg/L. Therefore, risks to- aquatic 

. receptors from vinyl chloride in the surface water are acceptable and vinyl chloride is not retained as a 

COPC for further evaluation. 

Aluminum 

Aluminum was. initially selected as a COPC because an EOOL ,is not available and the maximum 

concentration (204 Ilg/L) was greater than the site-specific upgradient surface water concentration . 

. Aluminum was detected in unfiltered surface water samples only (204 Ilg/L in sample 05SW0301) but 
, . 

was not detected in the filtered surface water samples. Because the filtered samples represent the 

bioavailable portion of the Illetals (U.S. EPA, 1992), the filtered surface water results are most indicative 

of the level of direct risk to aquatic re'ceptors. Therefore, risks to aquatic receptors from aluminum are 
. . 

considered acceptable and aluminum iSJlot retained as a CO PC for risks to aquatic organisms. 

Iron 

Iron was initially selected as a COPC because an EDOL is not available and the 'maximum concentration 

was greater tha:n the site-specific upgradient surface water concentration. The maximum detected iron 
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concentration was 1,520 Ilg/L in unfiltered samples and 594 Ilg/L in filtered samples at 05SW04. Other 

filtered sample concentrations were 577 Ilg/L (in sample 05SW03) and less. 

The U.S. EPA wac (U.S: EPA, 2002) for iron is 1000 1l9/L; therefore, risks to aquatic invertebrates are 

acceptable because Iron concentrations in filtered samples (which represents the bioavailable portion of 

iron in the water column) are less than the WQC. Iron is not retained as a COPC for risks to aquatic 

organisms. 

Manganese 

Manganese was initi~lIy selected as a COPC because an EDQL ,is not available and the maximum 

concentration was greater than the site-specific upgradient concentration. Because an EDQL and AWQC 

is not available for manganese, concentrations in the surface water are compared to the following 

benchmark: 

• ORNL SCV -120 IJg/L (Suter and Tsao,1996) 

The ORNL chronic benchmark was developed using the Tier" method described in the U.S. EPA's 

Proposed Water Quality Guidance for the Great Lakes System in U.S. EPA (1993b) (Suter and Tsao, 

1996). Tier" values were developed so that aquatic benchmarks could be established with fewer data 

than are required for the U.S. EPA water, quality criteria. Tier" values are concentrations expected to be 
\' ' , 

higher than AWQCin no more than 20' percent of, cases (Suter and Tsao, 1996). Also, in the U.S. EPA 

1986' Quality Criteria for Water (the Gold Book), it states that ions of manganese are found rarely at 
" 

concentrations above 1 mg/L and, because the tolerance values reported range from 1.5 mg/L to over 

1000 mg/L, manganese is not considered to be a problem in fresh waters (U.S. EPA, 1986). For 

manganese, the ~aximum detected concentration was 315 IlgiL (unfiltered) and 304 Ilg/L (filtered). 

Because the ORNL benchmark for manganese is very conservative (Suter and Tsao, 1996), risks to 

aquatic life from manganese are' expected to be low especially based on the information in U.S. EPA 

(1986). For these reasons, risks to aquatic organisms from, manganese in the surface water are 

, acceptable and .manganese is not retained as a CO PC for these receptors. 

, 5.7.6.2, Risks to Terrestrial Wildlife 

The discussions in Sections 5.7.6.1 and 5.7.6.2 were not designed to evaluate risks to wildlife through 

ingestion of food items, drinking water, and incidental ingestion of soiL Instead, a food"chain model was 

used to evaluate potential risks posed by COPCs to upper-level terrestrial wildlife receptors. Section 
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3.4.4.2 describes the food-chain model methodology. Chemicals evaluated in the terrestrial food-chain 

model were limited to those identified by the U.S. EPA as bioaccumulative (U.S. EPA, 2000). Separate 

discussions are provided below for evaluations of potential risk to insectivorous/herbivorous and 

piscivorous receptors. The maximum concentration detected in the surface soil, surface water, and 

sediment samples is used for the conservative food chain model. The 95% UCL was not used in the 

FCM because less than 10 samples were collected in each of the media. The average concentration 

detected in the surface soil, surface water, and sediment samples is used for the average food chain 

model. Appendix H.4 presents the spreadsheets used to calculate the doses and EEOs. Table 5-35 

presents a summary of the Step 3a evaluation for terrestrial wildlife. 

5.7.6.2.1 Risks to Insectivorous/Herbivorous Receptors 

Table 5-31 presents the terrestrial wildlife model EEOs based on conservative input parameters for 

terrestrial surrogate species (meadow vole,. short-tailed shrew, American robin, and bobwhite quail). In 

general, NOAEL EEOs for dioxins are less than 1.0 for the meadow vole and bobwhite quail. However,. 

many NOAEL-based EEOs for dioxins were greater than 1.0 for the short-tailed shrew and American 

Robin. For most inorganics, NOAEL based EEOs were greater than 1.0 for the short-tailed shrew, 

American roi?in, and bobwhite quail. Few EEOs were greater than 1.0 in the meadow vole model. 

Table 5-32 presents the terrestrial wildlife model EEOs based on average exposure input parameters for 

those chemicals with NOAEL based EEOs greater than 1.0 under the maximum input,. conservative 

scenario. The results of the robin model yielded more EEOs that were greater than 1.0, than the models 

for the other receptors. NOAEL EEOs for three individual dioxins and four total dioxins were greater thari 

1.0 in the robin model but the LOAEL EEOs were greater than 1.0 for only two total dioxins. NOAEL 

EEOs for two total dioxins were greater than 1.0 in the shrew model but no LOAEL EEOs were greater 

than 1.0. The NOAEL and LOAEL for birds used in the food chain model are based on .astudy in which 

egg production and hatchability was significantly reduced among birds receiving 0.00014 mg/kg/d dose of 

2,3,7,8-TCDD. No significant effects were observed among the other two lower dose levels tested. 

Because no significant differences were observed at the two lower dose levels and the study considered 

exposure throughout a critical lifestage (reproduction), the 0.000014 mg/kg/d dose was considered to be 

a chronic NOAEL and the 0.00014 mg/kg/d dose was considered to be a chronic LOAEL. The NOAEL 

and LOAEL for mammals that were used in the food chain model is based on a study in which fertility and 

neonatal survival was significantly reduced among rats receiving 0.000,1 and 0.00001 IJg/kg/d dose of 

2,3,7,8-TCDD but no significant differences were observed at the 0.000001 mg/kg/d dose level. Because 

the study considered exposure throughout 3 generations including critical lifestages (reproduction), 

_0.000001 mg/kg/d dose was considered to be a chronic NOAEL and 0.00001 mg/kg/d dose was 
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considered to be a chronic LOAEL. Therefore, Ii is possible there may be some reproductive effects to 

mammals and birds exposed to dioxins ih the soils at. SWMU 5 through the food chain. 

NOAEL EEQs for six inorganics were greater than 1.0 in the robin model and the LOAEL EEQs were 

greater than 1.0 for four inorganics. The NOAEL EEQ for one inorganic was greater than 1.0 in the shrew 
. . . . 

model but no LOAEL EEQs were greater than 1.0. Finally, NOAEL EEQs for two inorganics were greater 

than 1.0 in the quail model and the LOAEL EEQs were greater than 1.0 for one inorganic. As presented 

in the TRV table in Appendix H.3, the NOAELs and LOAELs that were used· in the food chain models 
. . 

were based primarily on reproductive studies. Therefore, it is possible that there are some reproductive 

effeCts to mammals and birds exposed to metals in the soils at SMWU 5 through the food chain. 

Average COPC concentrations are typically more realistic exposure point concentrations (EPCs) for 

mammals and birds than maximum concentrations because mammals and birds are exposed to COPC 

concentrations throughout the SWMU, rather than a single location. As mentioned previously, the 

maximum concentration of several metals were reported for sample 05S8060002, which was likely 

because metal shavings in the sample were undoubtedly analyzed along with the soiL Therefore, there is 

a lot of uncertainty regarding actual risks to wildlife because the bioavailability of the metals, especially 

th~ metals related to the metal shavings, is expected to be low so risks are likely overestimated. Also, the 

bioavailability of the dioxins in the soil is not known, but it is likely to be low since a portion of the dioxins 

are likely bound to the organic matter in the soil. 

In summary, because the EEQs based on the LOAEL exceed 1.0 for dioxins and metals, it is possible 

that there are some reproductive effects to mammals and birds exposed to dioxins and metals in the soils 

at SWMU 5 through the Jood chain. However, there is a lot of uncertainty in this conclusion because the 

bioavailability o~ the chemicals in the soil is not known. Table 5-35 summarizes the Step 3a evaluation for 

wildlife. 

5.7.6.2.2 Risks to Piscivorous Species 

.Table 5-33 presents the terrestrial wildlife model EEQs based on conservative input parameters for 

piscivorous .. surrogate species (raccoon and belted kingfisher). Four individual dioxins, 

dibenzo(a,h)anthracene, Aroclor-1260, and all four inorganics retained as COPCs (see Table 5-30) had 

NOAEL based EEQs gre·aterthan 1.0 in the raccoon food chain model; however, only Aroclor-1260 and 

the inorganics had LOA.EL based EEQs greater than 1.0 in the raccoon model. Only Aroclor-1260and 

lead had NOAEL based EEQs greater than 1.0 in the kingfisher model at 6.3 and 3.6, respectively; 

LOAEL based EEQs for these chemicals were less than 1.0 .. 
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Table 5-34 presents the terrestrial wildlife model EEQs based on average exposure input parameters 

(including NOAELs and LOAELs)·for those chemicals with· NOAEL based EEQs greater than 1.0 under 

the maximum input, conservative scenario. 2,3,7,8-TCDD, Aroclor-1260, and all four inorganics retained 

as COPCs had NOAEL based EEQs greater than 1.0 in the raccoon model. Aroclor-1260 and lead had 

NOAEL based EEQs greater than 1.0 in the kingfisher mode. Although, the LOAEL EEQs calculated for 

several chemicals were greater than 1.0, actual risks to piscivorous wildlife are unlikely for the following 

reasons: 

• The wat,er bodies associated with SWMU 5 are only expected to account for a small portion of the 

raccoon's diet, if any, because the home range of the raccoon (>250 acres) is much larger than the 
. . 

SWMU, and the water body is small.· Also, fish have not been observed in the small drainage 

pathways at SWMU 5 and are unlikely to· be present in quantities that would support a significant 

. portion of the diet for piscivorous wildlife. 

• EEQs for chemicals in the raccoon food chain model are high primarily because of the weight of the 

• 

raccoon and the conservative .body weight scaling used to calculate the TRVs for the raccoon. • 

Because the raccoon has a greater body weight than the test species used in developing the TRVs, 

the NOAELs and LOAELs are calculated to be lower than TRVs developed with the test species, 

increasing the calculated risk. This approach is conservative but may be overpredicting actual risk. 

• . All the metals have high EEQs, in part, because there are no sediment to fish BAF values for . 

inorganics. Therefore, a BAF of 1.0 is used in the model, which assumes that the fish tissue 

concentrations are .equal to the sediment concentrations. This likely ov.erestimates the exposure 

,dose to the raccoon, which then increases the calculated EEQs. 

• The only PCB detection was at sample location 05SD05, which was collected ina drainage ditch that . 

is dry most of the time. Therefore, raccoons or birds will not be consuming aquatic organisms from 

this area so impacts to piscivorouswildlife from PCBs in the sediment are not expected. 

For the reasons listed above, risks to piscivorous mammals are acceptable and Aroclor-1260 and metals 

are not retained as CO PC in sediment for risks to piscivorous birds and mammals. Table 5-35 

summarizes this Step 3a evaluation for wildlife. 

, .. 
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Section 3.4.6 in the general methodology section presents the uncertainties that apply to all the SWMUs. 

The uncertainty analysis presented in this section .presents the uncertainties associated with the SWMU 

5 .. 

5.7.7.1 Measurement and Assessment Endpoints 

As presented in Section 5.7.2, several assessment endpoints were selected for this risk assessment, 

including the selection of piscivorous wildlife as an assessment endpoint. The waterbody adjacent to 

SWMU 5 is very small and highly unlikely to contain a significant fish population. In fact, fish were not 

observed in the small drainage channels' during a site visit in June 2004. Therefore, risks to these 

receptors are overestimated; 

Risks to reptiles and amphibians are not quantitatively evaluated because exposure factors are' not 

established for most species, and toxicity data are veri limited. Using aquatic organisms as a surrogate 

species, risks to amphibians exposed to the surface water and sediment are expected to be low based on 

the Step 3a evaluations. Additionally, amphibians are not likely present at SWMU 5 in significant 

populations because these species are dependent on aquatic habitats for at least some' stages in their life 

cycles. Potential risks to reptiles cannot be evaluated in this SERA because of a lack of toxicity and . , 

exposure data (see below for a discussion of potential risks to the timber rattlesnake). 

Food-chain modeling was not conducted for large carnivorous mammals and birds for several reasons 

including, the uncertainty of estimating contaminant uptake into the diet source (small mammal tissue) 
. ~ . 

and area use factors (prese~ted in Appendix H.2). Sixteen' individual dioxins, six total dioxins, one VOC, 

two PAHs, and 11 inorganics were retained as COPCs in surface soil samples. Of these chemicals, only 

the dioxins and seveninorganics are considered important bioaccumulative chemicals (U.S. EPA, 2000). ' 
.' . . 

Dioxins' and metals were detected at SWMU 5 and these chemicals arebioaccumulative. However, the 

low EEQs in the food, chain models conducted forSWMU 5 ,indicate that these compounds are not 

causing great risks to small insectivorous/herbivorous mammals. For example, .the greatest risks from 

dioxins occurred f~r the robin with the average input LOAEL EEQs for total TCDD and total TCPF of 1:2 

and 3.5, respectively. Therefore, although some chemicals detected at SWMU 5 may accumulate in the 

tissue of small mammals, risks to large 'carnivorous birds and mammals are expected to be lower than the 

risks to the small herbivorous or insectivorous mammals and birds. This is be~ause the accu~ulation 
faCtors from soil to wildlife, soil to plants, and soil to illvertebrate are similar (U.S. EPA, November 1999) 

'but carnivorous birds and mammals are only expected to obtain a small fraction of their food from SWMU 
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5. The boundaries of SWMU 5 are ,approximately 25 acres and home ranges of the red fox and red-tailed 

hawk are 193 acres and 370 acres, respectively (U.S. EPA, 1993). The food chain EEQs assume that 

the small herbivorous or insectivorous mammals and birds at SWMU 5 obtain all of their food from the 

site. Finally, metals typically do not biomagnify in terrestrial systems (Newman, 1998). 

As discussed in SeCtion 1.3.7, several endangered and threatened species or species of special concern 

are present at NSWC Crane, and potentially may inhabit SWMU 5. Risks to these species were not 

specifically calculated so the uncertainties of not calculating risks to these species are presented here. 

As discussed above, risks to large carnivorous mammals and birds are expected to be negligible so risks 

to the bobcat, bald eagle, Northern harrier, and osprey are, expected to be negligible, as are risks to 

carnivorous reptiles such as the timber' rattlesnake. Loggerhead shrikes and the sedge wren consume 

mostly aboveground insects such as caterpillars, beetles, spiders; and flies, as opposed to theworms that 

are consumed by the American robin in the food-chain model. Because worms are in direct contact with 

exposure to the soil, it is expected that they would have greater levels of contaminants at SWMU 5 than 

aboveground insects; therefore, risks to the robin from consuming worms are expected to be greater than 
, ' 

risks to the loggerhead shrike and sedge wr,en Hom consuming aboveground insects. Risks to the worm 

~ating American robin from chemicals in the surface soil and surface water were unacceptable; therefore, • 

• ', risks to the loggerhead shrike and sedge wren are possible if present at SWMU 5. The American bittern 

is a marshland loving bird that feeds on fish, frogs, eels, insects, and water snakes. Although there is 

solTie aquatic habitat, it is not suitable for the bittern. Additionally, risks to the belted kingfisher' were 

acceptable; therefore, risks to the American bittern, if present at SMWU 5, would also be acceptable. 

Finally, there are uncertainties in risks to reptiles because there is a lack of exposure factors for reptiles 

and a lack of reptile toxicity data for the detected chemicals. As discussed in Section 1.3.7, one 

threatened reptilian species is "listed as potentially present at NSWC Crane. Based on the preferred 
, ' , 

habitat of the timber rattlesnake and the ecology of SWMU 5, this species may potentially inhabit areas of 

SWMU 5. Risks to these species were not specifically calculated so uncertainties exist as to how this 

species would be affected if an exposure to site chemical concentrations occurred. 

5.7.7.2 Exposure Characterization 

Although some of the metals are elevated in a few samples, the greatest metal concentrations occur in 

the sample collected frOm 05SB006. Several of the metals in this sample are an order of magnitude 

greater'than the next highest' metal detection at the SWMU, which is causing the exposure point 

concentration to be biased high. In fact, the high average metals concentrations, at this SWMU are 

caused by the elevated detecfio'n at 05S8006. As presented in Section 5.7.5.1, the field log sheet from 
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this sample location indicated that metal shavings wer~~rese~t'l~ the surface soil sample: Most of the 

metal in this sample is not likely to be bioavailable, so actual risks are expected to be much lower than 

predicted from the screening levels and the models. 

5.7.7.3 Ecological Effects Data , 

Toxicological data for a few of the chemicals ,are limited or do not exist. This occurred for' a few 

inorganics in the surface soil, but it did not affect the outcome of the risk assessment because the ' 

chemicals without toxicity data were detected below base7specific background levels. This also occurred 

for some inorganics in the sediment, but it did not affect the outcome ofthe risk assessment because the 

chemicals without toxicity data we~e evaluated using other Step 3a factors. 

Several alternative benchmark values were used to gain a better understanding of the relationship" 

between the maximum concentration values of the selected COPCs to the overall ecological assessment 

of the site. There is some uncertainty involved when using these 'alternative benchmarks (Table 5-28). 

HowE;lver, attempts have been made to lessen the uncertainties by providing the toxicological basis of the 

alternate benchmarks when they were used~ 

5.8 CONCLUSIONS 

Tables 5-28, 5-29, 5~30, and 5-35 present'summaries of the Step 3a evaluation including the overall 
, I 

conclusion of whether chemicals initially selected as COPCs are retained as COPCs after the refined 

evaluation. 

Terrestrial Plants and Invertebrates 

After the initial screening, 16' individual dioxins and six total dioxins, one VOC, two SVOCs, and 11 , 

inorganics were selected as COPCs. The potential risks to terrestrial vegetation and soil invertebrates 

associated with all the COPCs in the sLJrface soil were further evaluated to determine whether site-related 

risks from the chemicals were acceptable or whether the risks were great enough to warrant retaining the 
, " 

chemicals as COPCs and proceeding further into the SERA. 

It was determined thatthe concentrations of dioxins in the surface so:il at the SWMU were unlikely to 

, affect plants or invertebrates at the site. That was based on effects levels that were found for 

invertebrates, and the fact that the Ah receptor has not been detected in plants or invertebrates. The Ah 

receptor is important' because the dioxins need to bind to the receptor in' order to cause toxicity. No 

benchmark was available to determine the toxicity to plants and invertebrates from 
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cis-1,2-dichloroethene, but it is unlikely that cis-1,2-dichloroethene will be detected in the surface soil 

during the warmer months when receptors would be present and/or growing. Therefore, it is unlikely that . 

cis-1 ,2-dichloroethenein the soil is adversely impacting plants or invertebrates. Finally, 

bis(2-ethylhexyl)phthalate and naphthalene were detected at concentrations less than benchmarks for 

plants and invertebrates so these chemicals are not likely to impact plants and invertebrates at SWMU 5. 

For these reasons, risks from organic chemicals in the surface soil are acceptable so no organic 

chemicals detected in the surface soil at SWMU 5 are retained as COPCs for risks to plants or 

invertebrates. 

The majority of the metals detected in the soil samples were found at concentrations that exceeded 

benchmarks based on effects to plajlts and invertebrates. However, it was determined that cadmium and 

mercury levels in the soil were not great enough to impact plants or invertebrates and chromium, silver, 

and tin concentrations were 110t great enough to impact invertebrates. Also, based on the soil pH, it was 

concluded that iron in the soil was not expected to be toxic to plants and because iron is not typically 

considered to toxic, impacts to invertebrates are not expected. Therefore, these metals were not retained 

as COPCs for risks to plants and/or invertebrates. 

The majority of the metals that were retained as COPCs for risks to plants and invertebrates had .their 

greatest detected concentrations in the northern area of the SWMU, and specifically in sample 

05SB060002. According to the sample log sheet~ (see Appendix B), sample 05SB060002 contained 

metal shavings which likely contributed to the very high metals concentrations in this sample because 

some of the shavings were undoubtedly analyzed along with the soil. Although the extremely high metals 

concentrations were only found in one sample, various metal debris piles are located throughout the area 

(and the steep drop-off into the main gully) including rusted drums, metal shavings and other pieces of 

metal. Therefore, the metals contamination in the soil cannot be bounded by soil samples. The reason is 

that the levels of metals in the soil sample are reflective of where a sam'ple is collected (i.e. near metal 

debris) or if some small pieces of metal are in the sample. Therefore, two samples relatively close in 

proximity could have large differences in metals concentrations, if one sample contained metal fragments 

and the other did not. 

Because some of the metal shavings were likely inadvertently analyzed along with soil sample, it is not 

known what percentage of the metals in the sample was actually in the soil versus the percentage that 

was from the metals shavings. The importance of this is that the amount of metal related to the shavings 

are likely not very bioavailable, while the amount in the soil may be somewhat more bioavailable. 

• 

Therefore, it is difficult to determine if plants and invertebrates are being significantly impacted from the. 
metals in the soil. As seen in the site photographs on Figure 1-9, the site in the area of the metal debris 
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is heavily vegetated so the metals" do not appear to be significantly i~pacting the plant community in this 

area" However, whether there are subtle effects to the plants cannot b~e determined based on the 

available information. Also, although the health of the invertebrates was not observed, it is unlikely that 

invertebrates are being impacted because invertebrates are necessary to sustain a health plant 

community. 

In summary, because of the high detected concentrations of several inQrganic chemicals, and because of 

the uncertainty regarding whether there are actual risks to plants and invertebrates from these chemicals, 

risks from organic chemicals in the surface soil are unacceptable. Therefore, several metals were 

retained asCOPCs for risks to plants or invertebrates. Also, because dioxins and severEd of the inorganic 

" chemicals are bioaccumulative, risks to wildlife from these chemicals in the surface soil are evaluated in 

Section 5.7.6:2 of this ERA. 

Sediment Invertebrates 

After the initial screening, 15 individual dioxins, two total dioxiris, two VOCs, two SVOCs, one PCB, and 

nineinorganics were selected as COPCs. Potential risks to sediment invertebrates associated with all 

the COPCs in the sediment were further evaluated to determine whether site-related risks from the 

chemicals were acceptable and/or whether the risks were great enough to warrant" retaining the 

chemicals as COPCs and proceeding further into the BERA. 

It was determined that the concentrations of dioxins in the sediment at the SWMU were unlikely to impact 

sediment invertebrates at the site. That was because the detected concentrations of dioxins at the site 

were less than effects levels for fish, and because invertebrates are much less sensitive to dioxins than 

are fish, impacts to invertebrates are not likely. Although the detected concentrations of thetwo VOCs 

are greater than the new ESLs, the location of the maximum concentration (05S002) is very poor aquatic 

habitat. The concentrations of the VOCs are expected to be lower in the warmer months (because of 

volatilization) when the sediment dwelling invertebrates are more viable. Also, the VOCs were not 

detected in the downgradient sediment sample location (05S003) which indicates that they are either 

volatilizing and/or diluting" after a short distance (see Figure 5-"11). Therefore, risks to benthic 

invertebrates from VOCs in the sediment are not expected. The maximum total PAHs concentration is 

"less than the TEC indicating risks to sediment dwelling organisms are not expected. Finally, the only" 

detected Aroclor-1260 concentration in a SWMU 5 sediment sample is greater than the TEC but much 
" " " 

less than the PEC so impacts" to benthic invertebrates are possible. However, because of the poor 

habitat at 05S002 (the location of the PCB detection), potential risks in the vicinity of location 05S002 are 

not great enough to warrant carrYirig Aroclor-1260 in the sediment through a BERA. For the reasons" " 
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presented above, no organic chemicals were retained as COPCs for risks to sediment dwelling 

invertebrates. 

Of the inorganic chemicals, the maximum detected concentrations of aluminum was less than the lower 

effects level indicating risks to sediment dwelling organisms are not expected. Several of the inorganics 

were detected at concentrations that were greater than lower effects levels but less than the higher 

" effects level indicating the potential impacts to sediment invertebrates were possible. Lead was the only 

chemical with a detected concentration that was slightly greater than a higher effects level. Sediment 

samples collected at 05S002 and 05S005 generally had the greatest concentrations of most metals. The 

creek by 05S002 is very small (approximately one foot wide) and only a few inches deep (see 

photographs in Figure 1-9). There are orange deposits on the sediment, likely from the rusting metal 

debris located adjacent to the stream and the stream sediment consisted of a fine silt, which is poor 

habitat for benthic invertebrates. No fish were observed in the stream and it is unlikely that significant 

numbers of fish would inhabit the stream based on its small size. The aquatic habitat at location 05S005 

is very minimal. Although the photograph of this location in Figure 1-9 shows the presence of water, the 

area was completely dry during the June 9, 2004 sampling event, and appeared to be a washout area. 

The runoff from this washout area drains to a concrete culvert along the road as is visible in Figure 5-1 O. 

It is likely that this area is only wet during periods of rain, snowmelt, or other wet times of the year; 

Ther;efore, there is no potential for fish to live in this area and little potential for benthic invertebrates. 

Because of the poor aquatic habitat at SWMU 5, the presence of chemicals in the sediment at 

concentrations between the higher effects levels and lower effects levels does not warrant their retention 

as COPCs for risks to sediment dwelling invertebrates. 

In summary, no chemicals were retained as COPCs for risks to sediment invertebrates. However, 

because several of the organic and inorganic chemicals are bioaccumulative, risks to piscivorous wildlife 

from these chemicals in the sediment are evaluated in Section 5.7;6.3 of this ERA. 

Aguatic Organisms 

After the initial screening, dioxins, three VOCs and threeinorganics were initially selected as COPCs. 

Potential risks to aquatic receptors associated with all the COPCs in the surface water were further 

evaluated to determine whether site-related risks from the chemicals were acceptable or whether the risks 

were great enough to warrant retaining the chemicals as COPCs and proceeding further into the BERA. 

The maximum detected concentration of PECOO is greater than water concentrations associated with low 

risk to fish are provided for waters with different particulate organic carbon (POC) concentrations. 
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However, invertebrates are more likely than fish to be 'present in these s~reams and aquatic invertebrates 

are much less sensitive to TCDD than fish. Therefore, it is unlikely that the one detection of PECDD in 

the surface water sample will adversely impact aquatic organisms in the stream at SWMU 5. 

Cis-1 ,2-dichloroethene, and vinyl chloride were detected at concentrations that were less than the new 

region 5 ESLs. Therefore, risks to aquatic organisms from those chemicals are not likely. 

, Trichloroethene was detected at concentrations in two samples that exceeded the Region 5 ESL. The 

presence of trichloroethene in surface water was somewhat unexpected because trichloroethene is' 

volatile, but it was likely detected because the samples were collected in winter when volatilization is 

,lower. The concentration of trichloroethene is expected to be lower in the warmer months (because of 

volatilization) when the aquatic organisms are more viable. Therefore, risks to aquatic organisms from 

trichloroethene are not expected. Forthe reasons presented above, risks from organic chemicals in the 

surface water are acceptable so no organic chemicals were retained as COPCsfor risks to aquatic 

organisms. 

Of the four inorganic chemicals retained as COPCs in surface water, aluminum was not detected in the 

filtered samples so risks to aquatic receptors from aluminum are not likely. Also, the concentrations of 

iron were less than u.s. :EPA wac so risks to aquatic receptors from these metals are not likely. Finally, 

the manganese levels in surface water are below levels expected to cause toxicity to aquatic 'receptors. ' 

Therefore, risks to aquatic receptors from inorganics in the surface water at SWMU 5 are accept,able so 

the inorganics were eliminated as COPCs for risks to aquatic receptors. 

In summary, no chemicals were retained as COPCs for risks to aquatic organisms . 

. Summary of Food Chain Modeling' 

, After fhe initial screening, several organic and inorganic c.hemicals were initially selected as COPCs for 

potential risks to mammals and birds. InStep 3a, dioxins and seven·inorganics in soil/surface water were 

included in the food chain model for insectivorous and herbivorous mammals and birds. Also, dioxins, 

one.PAH, one'PC!3, and four inorganics in sediment/surface water were included in the food chain model 

for piscivorous mammals and birds. The potential risks to mammals and birds associated with all the 

COPCs in the surface soil, sediment, and/or surface water were further evaluated to determine whether 

site~related risks from the chemicals were acceptable or whether the risks were great enough to warrant 

retaining the chemicals as COPCs and proceeding further into the BERA. 
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In the less conservative food chain model, the results of the robin model yielded more EEQs that were 

greater than 1.0, than the models for the other receptors. NOAEL arid LOAEL EEQs for several dioxins 

were greater than 1.0 in the robin model and· NOAEL EEQs for two dioxins were greater than 1.0 in the· 

shrew model but no LOAEL EEQs were greater than 1.0. B~cause the NOAELs and LOAELs for dioxins 

were developed from reproductive studies, it is possible that there are some reproduCtive effects to 

mammals and birds feeding at SWMU 5 from dioxins in the soil. 

NOAEL and LOAEL EEQs for· inorganics were greater than 1.0 in the robin and quail models. The 

NOAEL EEQ for one inorganic was greater than 1.0 in· the shrew model but no LOAEL EEQs were 
. . 

greater than 1.0. Because the NOAELs and LOAELs for most of the inorganics were developed from 

reproductive studies it is possible that there are some reproductive effects to mammals and birds feeding 

at SWMU 5 from inorganics in the soil. 

Sample 05SB060002 had some of the greatest detected concentrations of metals at the site, which was 

likely because metal shavings in the sample were undoubtedlyanalyzed along with the.soil. Therefore, 

there is a lOt of uncertainty regarding actual risks to wildlife because the bioavailability of the metals, 

especially the metals related to the metal shavings, is expected to be ·Iow so risks are likely ./ 

overestimated. Also, the bioavailability of the dioxins in the. soil is not known, but it is likely to be low 

since a portion of the dioxins are likely bound to the organic matter in the soil. 

In summary, because the EEQs based on the LOAEL exceed 1.0 for dioxins and metals, it is possible 

. that there are some. reproductive effects to mammals and birds feeding· at SWMU 5 from dioxins and 

inorganics in the soil. However, there is a lot of uncertainty in this conclusion because the bioavailability 

of the chemicals in the soil is not known . 

. Risks to Piscivorous Receptors 

In the less conservative food chain model, 2,3,7,8-TCDD, Aroclor-1260, and all four inorganics retained 

as COPCs had NOAEL based EEQs greater than 1.0in the raccoon model. Aroclor-1260 and lead had 

NOAEL based EEQs greater than 1:0 in the kingfisher mode .. Also, several of the chemicals had LOAEL 

based EEQs greater than 1.0 in the raccoon model. Although, the LOAEL EEQs calculated for several 

chemicals were greater than 1.0, actual risks to piscivorous wildlife are unlikely for the following reasons: 
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Because of the small size of the water bodies at SWMU 5, and the lack of fish in these water bodies; 

and home range of piscivorous wildlife, food obtained from these streams, if any, will only account for 

a very small portion of the diet for piscivorous wildlife. 

• The NOAELs and LOAELsused in the raccoon food chain model are ·Iower than TRVs developed 

. with the test species, because of the .body scaling equation used to calculate the TRVs. This 

approach is conservative but may be overpredicting actual risk. 

• Because there are no sediment to fish BAFs for inorganics, a BAF of 1.0 is used in the model, which 

assumes that the fish tissue concentrations is equal to. the sediment concentrations. This likely 

overestimates the exposure dose to the raccoon, which then increases the calculated EEQs. 

• The only PCB detection was at sample location 05S005, which was collected in a drainage ditch that 

is dry most of the time. Therefore, raccoons or birds will not be consuming aquatic organisms from 

this area so impacts to piscivorous wildlife from PCBs in the sediment are not expected . 

For the reasons listed above, risks to piscivorous mammals are acceptable and Aroclor-1260 and metals 

are not retained as COPC in sediment for risks to piscivorous birds and mammals . 
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Location 
Sample 
Depth 

0- 2 feet 

058807 1 - 2 feet 

6 - 8 feet 

0- 2 feet 
058808 1 - 2 feet 

SEDIMENT 

0~8W/8001 
0-6 inches 

058W/S002 0- 6 inches 

058W/S003 0-6 inches 

05SW/S004 0-6 inches 

05SW/S005 0-6 inches 

GROUND WATER 

05-01 

05-02 

05-03 

05-04 

05-06 

05-07 

05-08 

05-09 

• 
TABLE 5-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 4 

Analyses 

App.IX App.IX App.IX App.IX App.IX 
Sample Number 

SVOCs Pest.IPCBs Herbicides VOCs VOCs 
(8260B) (8015B) (PAHs via 

SIM) 
. 058B070002 NA NA X X X 

0588070102 X X NA NA NA 
0588070608 X X X X X 
0588080002 NA NA ·X X X 
0588080102 X X NA NA NA 

05S0010006 (upgradient) X X X X X 
05S0020006. X X X X X 
05S0030006 X X X X X 
05S0040006 X X X X X 
05S0050006 X X X X X 

05GW0101 (upgradient) X X X X X 

05GW0201 X X X X X 
05GW0301 -

X X X X X 

05GW0301-F NA NA NA NA NA 
05GW0401 X X X X· X 

05GW0601 X X X X X 

05GW0701 X X X X X 

05GW0801 X X X X X 

05GW0901 X X X X X 

• 

Dioxins! TAL Cyanide Miscellaneous 

Furans Metals + Parameters( 1) 

Sn 

X X X NA 

NA NA NA NA 

X X X NA 

X X- X NA 

NA NA NA NA 

X X X TOe 

X X X TOe 

X X X TOe 

X X X TOe 

X X X TOe 

X X X NA 

X X X NA 

X X X NA 

NA X NA NA 

X X X NA 

X X X NA 

X X X NA 

X X X NA 

X X X NA 



Sample 
Location Depth 

05-13 

05-15 

05-16 

05-19 

05T01 

05T02 

, 05]"03 

SURFACE WATER 

05SW/SD01 

05SW/SD02 

05SW/SD03 

05SW/SD04 

05SW/SD05 

-.- - --

• 
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SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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Analyses 

App.IX App.IX App.IX App.IX App.IX 
Sample Number 

VOCs VOCs SVOCs Pest./PC8s Herbicides 

(82608) (80158) (PAHs via 

SIM) 
05GW1301 X X X X X 

05GW1301-F NA NA NA NA NA 
05GW1501 X X X X X 
05GW1601 X X X X X 
05GW1901 X X X X X 

05GWT0101 X X X X X 
05GWT0201 X X X X X 

05GWT0301 X X X X X 

05SW0101 (upgradient) X X X X X 
05SW0101-F NA NA NA NA NA 

05SW0201 X X X X X 

05SW0201-F. NA NA NA NA NA 

05SW0301 X X X X X 

05SW0301-F NA NA NA NA NA 

05SW0401 X X X X X 

05SW0401-F NA NA NA NA NA 

05SW0501 X X X X X 

05SW0501-F NA NA NA NA NA 
--

• 

Dioxins! TAL Cyanide Miscellaneous I 
Furans Metals + Parameters( 1) 

Sn 

I 
X X X NA I 

NA X NA NA I 
X X X NA 

X X X NA I 
X X X NA 

X X X NA 

X X X NA 

X X X NA 

X X X X 

NA X NA NA 

X X X X 

NA X NA NA 

X X X X 

NA X NA NA 

X X X X 

NA X NA NA 

X X X X 

NA X NA NA 
- - -

• 



• • 
TABLE 5-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 5 - OLD BURN PIT 

App. IX = Appendix IX. 
NA = Not analyzed. 
PAHs = Polycyclic aromatic hydrocarbons. 
PesVPCBs = Pesticides and polychlorinated biphenyls. 
TAL = Target analyte list. 

NSWC CRANE, CRANE, INDIANA 
PAGE 4 OF 4 

SIM = Selective ion monitoring. 
Sn = Tin. 
SVOCs = Semivolatile organic compounds. 
VOCs = Volatile organic compounds. 

Note: Sample numbers ending with "F" were field filtered prior to metals analyses. 

Miscellaneous parameters: 
- surface and subsurface soil were analyzed for cation exchange capacity, pH, and total organic carbon. 
- ground water samples were not analyzed for miscellaneous parameters. 
- surface water samples were analyzed for hardness and total suspended soils.' 
- sediment samples were analyzed for total organiC carbon. I, 
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Sample Identification 

Depth Range (feel bgs) 

Soli Group: 

DIoxIns (jig/kg) 

1.2.3.4.6.7.8.9-0CDD 

1.2.3.4.6.7.8.9-0CDF 

1.2.3.4.6.7.8·HPCDD 

1.2.3.4.6.7.8·HPCDF 

1.2.3.4.7.8.9·HPCDF 

1.2.3.4.7.8·HXCDD 

1.2.3.4.7.8·HXCDF 

1.2.3.6.7.8·HXCDD 

1.2.3.6.7.8·HXCDF 

1.2.3.7.8.9·HXCDD 

1.2.3.7.8.9·HXCDF 

1.2.3.7.8·PECDD 

1.2.3.7.8.PECDF 

2.3.4.6.7.8·HXCDF 

2.3.4.7.8·PECDF 

2.3.7.8-TCDD 

2.3.7.8·TCDF 

TOTAL HPCDD 

TOTAL HPCDF 

TOTAL HXCDD 

TOTAL HXCDF 

TOTAL PECDF 

TOTAL TCDD 

TOTAL TCDF 

TCDD TEO 

Vola"'e. (jig/kg) 

1.I·DlCHLOROETHENE 

BENZENE 

CIS·l.2·DICHLOROETH ENE 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 

TRANS-l.2·DICHLOROETHENE 

TRICHLOROETHENE 

VINYL CHLORIDE 

Seml·Vola"' •• \I,glkg) 

2·METHYLNAPHTHALENE 

ACENAPHTHENE 

ACENAPHTHYLENE 

ANTHRACENE 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

BENZO(G.H.I)pERYLENE 

BENZO(K)FLUORANTHENE 

BIS(2·ETHYLHEXYL)PHTHALA TE 

CHRYSENE 

DIBENZO(A.H)ANTHRACENE 

FLUORANTHENE 

FLUORENE 

INDENO(I.2.3·CD)pYRENE 

~Pii'4LENE. 

824 J 415 J 

9.5 J 17.7 J 

25.1 BJ 49.3 BJ 

12.1 BJ 30.4 J 

0.88 J 1.8 U 

1 J I.1U 

5.7 BJ 3.7 BJ 

2.3 J 4.3 J 

2.6 BJ 1.3 BJ 

2.5 J 3.7 J 

0.35 U 0.8 U 

1.4 J 0.7 U 

2.3 J 1.3 J 

3.2 J 2.4 J 

4.3 J 2.2 J 

0.45 U 0.4 U 

10.3 J 6.3 

46.4 J 102 J 

21.9 J 49.8 J 

25.4 J 35.2 J 

31.1 U 25.4 J 

53.1 U 31.2 U 

16.1 U 5.6 U 

68.8 U 44.3 U 

6.S 4.3 

3 U 3 U 

3 U 3 U 

3 U 3 U 

3 U 4 J 

3 U 3 U 

3 U 3 U 

3 U 3 U 

3 U 3 U 

12 24 

120 8 U 

8 U 8 U 

220 9 

520 31 

510 31 

440 39 

150 J 17 

460 28 

400 U 410 U 

450 35 

89 J 8 

960 51 

65 8 U 

170 J 15 

23 48 

TABLE 5-2 

SUMMARY OF POSITIVE SURFACE SOIL ANAL YTICAL RESULTS 
SWMU 5 - OLD BURN PIT 
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1220 J 1000 J 1220 J 

85.9 J 0.4 UJ 172 J 

103 J 7.2 128 J 

49 J 0.54 BU 168 J 

4.4 J 0.3 U 14.7 

2.1 U 0.2 U 6.3 

18.5 J 0.55 BU 78.8 J 

5.6 J 0.3 U 14.9 J 

7.4 0.28 J 29.2 

6.6 J 0.36 J 20.2 J 

0.3 U 0.2 U 4.1 J 

2 J 0.3 U 5.9 

S.8 0.2 U 30.4 U 

9.1 0.2 U 34.5 

9.4 0.2 UJ 38.4 

0.7 J 0.3 U 1.7 

27.1 0.2 U 17.4 

203 J 15.1 270 J' 

106 U 0.54 U 293 J 

68.6 U 0.65 U 223 J 

97.4 U 1.5 U 372 U 

139 U 1.3 J 574 U 

38.2 U 0.3 U 133 

182 U 0.2 U 648 U 

16.9 0.68 51.3 

3 UJ 3 U 3 U 

3 U 3 U 3 U 

3 U 3 U 3 U 

4 J 3 U 3 U 

3 U 3 U 3 U 

3 U 3 U 3 U 

4 3 U 7 

3 U 3 U 3 U 

15 8.00 U 37 J 

9 U 8.00 U 110 J 

16 8.00 U 32 U 

17 8.00 U 340 J 

140 8.00 U 950 J 

170 8.00 U 820 J 

250 8.00 U 790 J 

76 8.00 UJ 350 J 

170 8.00 U 670 J 

430 U 400 U 3400 

180 8.00 U 910 J 

23 8.00 UJ 180 J 

130 8.00 U 2200 J 

9 U 8.00 U 110 J 

79 8.00 UJ 360 J 

34 ~ 42 J 

683 J 1550 J 5050 J 

313 J 99.5 J 8.5 J 

359 J 123 J 64 

541 J 98.8 J 12.7 J 

57.5 7.1 1.1 J 

21.7 3.9 J 1.2 J 

361 J 47.1 J 6.6 J 

53 J 13 J 1.9 J 

128 17.1 2.8 J 

69.1 J 12.3 J 3 J 

9.8 J 3.2 U 0.41 J 

22.1 4.8 J 0.9 U 

105 16.S U 1.9 U 

146 21.3 3.2 J 

143 19.2 J 3.3 J 

6.1 1.3 0.49 J 

325 43.6 2.8 

803 J 235 J 138 

792 J 176 J 22.2 J 

890 J 144 J 24.5 U 

1390 U 229 U 28.6 U 

1970 U 315 U 38.8 U 

404 66.1 U 11.6 U 

2100 U 310 U 52.4 

226 34.6 6.1 

13 J 4 U 3 U 

5 J 4 U 3 U 

2800 J 4 U 8 

4 U 4 U 4 J 

7 J 4 U 3 

29 J 4 U 3 U 

5100 J 360 J 1200 J 

5 J 4 U 3 U 

65 33 U 8.00 U 

30 33 U 8.00 U 

8 U 33 U 8.00 U 

140 44 8.00 U 

400 190 J 8.00 U 

380 280 J 8.00 U 

470 210 J 8.00 

190 300 J 8.00 UJ 

300 200 J 8.00 U 

930 410 U 400 U 

390 J 200 J 8.00 U 

82 120 J 8.00 UJ 

780 320 J 11.0 

20 33 U 8.00 U 

170 130 J 8.00 UJ 

100 33 U 8.00 U ... --



• . Tl • • 
Sample Identification 0558010002 0558010102 0558020002 0558020102 

Deplh Range (feel bgs) 0-2 1-2 0-2 1 - 2 

5011 Group: 3 3 3 3 

PHENANTHRENE 730 60 

PYRENE 820 52 

Po,Helde. (Ilg/kg) 

4,4'-DDE 4.0 U 1 1 4.0 U 1 1 

AROCLOR-1254 40 U 1 1 40 U 1 1 
Herblelde.t.;'g/kg) 

12.4,5-T 1 3.2 UJ 1 1 3.3 UJ 1 
f2,4.D 3,2 UJ 1 I 3.3 UJ I 1 

TABLE 5-2 

SUMMARY OF POSITIVE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

0558030002 0558030102 0558040002 0558040102 0558050002 0558050102 

0-2 1 - 2 0-2 1 -2 0-2 1 - 2 

3 3 3 3 3 3 

48 8.00 U 1700 

150 8.00 U 2400 

4.3 U 1 3.9 U .1 10 R 

43 U 1 39 U 1 220 

3.5 UJ 1 3,2 U 1 1 3.2 UJ 

3.5 UJ 1 3.2 U 1 3.2 UJ 

0558060002 0558060102 0558070002 0558070102 0558080002 

0-2 1 - 2 0-2 1 -2 0-2 

3 3 3 3 3 

430 200 8.00 U 

730 410 J 9.00 

6.2 R 1 4.1 U 1 1 6.7 1 
150 -, 100 J 1 1 240 1 

10 J I 3.3 UJ I 1 16 J 1 

3.3 UJ 1 3.3 UJ 1 1 3.2 U 1 
PENTACHLOROPHENOL 0.81 U 1 1 2.7 J. 1 1 2.4 J 1 0.80 U 1 12 4.5 I 5.8 J I ~4.5R ..L 
Inorganic. (mg/kg) 

ALUMINUM 9010 J 6830 J 9440 J ,~ 14800 J 3580 J 10500 J 9860 J 11200 J 

ANTIMONY 5.8 J 33.2 J 13.3 J 0.90 U 76.1 J 301 J 9.6 J 3.2 J 

AR5ENIC 5.5 J 6.6 J 6.1 J 6.2 5.1 J 26.8 J 6.9 J 5.9 

8ARIUM 113 346 200 99.3 J 328 2020 938 74.7 J 

CADMIUM 1.6 J 3.3 J 3.7 J 0.83 U 5.6 J 31.1 J 3.9 J 0.84 U 

CALCIUM 30800 J 4780 J 15700 J 413 UJ 241000 J 27700 J 3110 J 685 J . 

CHROMIUM 16.4 J 19.3 J 18.8 J 10.4 40.0 J 112 J 43.4 J 11.7 

COBALT 5.8 6.1 6.4 12,0 5.8 35.8 12.3 5,9 

COPPER 41.6 J 174 J 84.5 J 11.7 109 J 1520 J 198 J 15.9 

IRON 20400 J 21100 J 16700 J 17300 J 17400 J 105000 J 32800 J 15600 J 

LEAD 82.7 J 450 J 204 J 15.2 J 342 J 16900 J 196 J 16.4 J 

MAGNE51UM 1380 J 1050 J 2220 J 660 J 4900 J 3640 J 1060 J 1020 J 

MANGANE5E 306 J 381 J 361 J 1170 344J 907 J 358 J 264 

MERCURY 0.43 0.11 0.39 0.09 J 0.06 0.10 0.14 0.04 J 

NICKEL 12.8 14.7 12.2 12.0 20.5 62.6 26.0 14.4 

POTASSIUM 432 U 565 J 651 J - 413 UJ 462 U 1050 J 576 J 464 J 

SILVER 0.86 U 0,87 U 2.8 J 0.83 UJ 0.92 U 7.5 J 1.8 J 0.84 UJ _ 

TIN 26.4 J 

VANADIUM 19.6 

ZINC 152 J 

Miscellaneous Parameters 

pH (S,U.) 

TOTAL ORGANIC CARBON (mglkg) 

Blank cells indicate the sample was not analyzed for this parameter. 

bgs . Below ground surface. 

Data Validation Oualiliers: 

44.6 J 13.2 J 

15.7 18.6 

499 J 363 J 

4.5 U 83.6 J 337 J 14.3 J 849 

22.9 9.9 21.5 21.3 20.6 

26.6 508 J 5110 J 950 J 51.8 

MEQ = milliequivalents 

U· Indicates that the chemical was nol detected at the numerical detection limit (sample-specific quantilalion limit) noted. Nondetected results from the laboratory are reponed in this manner. This qualifier is also added to a positive result (reponed by the laboratory) 

il the detected concentration is determined to be anributable to contamination introduced during lield sampling or laboratory analysis. 

• 

UJ -Indicates thai the chemical was not detected. However, the detection limit (sample-specific qu.antitation limit) is considered to be estimated based on problems encountered during laboratory analysis. The associated numerical detection limit is regarded as Inaccurate 

or imprecise. 
J - Indicates that the chemical was detected. However, the associated numerical resull is not a precise representation of the amount that is actually present in the sample. The laboratory-reported concentration is considered to be an estimate 01 the true concentration. 

UR - Indicates that the chemical mayor may not be present The nondelected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases 01 gross technical deficiencies (I.e., holding times missed 

by a lactor 01 two times the specified lime limit, severe calibration noncompliances, and extremely low quality control recoveries). 

A - Indicates that the chemical mayor may not be present The positive analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases 01 gross technical deliciencies. 

BU - Indicates that the chemical was detected in this sample as well as the associated laboratory meth~ blank. but has been qualilied non-detected result as a laboratory blank contamination (i.e., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank. and is considered estimated because the concentration is in excess of the blank aclion level. 

Soil Group 3· Alluvial, Mississippian, and Pennsylvanian surface soil as per the ·B~~ewide Soil Background Investigation Report," NSWC Crane, Indiana (TtNUS, January 2001). 
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Parameter 

Dioxins (ng/kg) 

3268-87-9 1,2,3,4.6.7.8.9-0CDD 

39001-02-0 1,2,3.4,6.7,8,9-0CDF 

35822-46-9 1,2,3,4,6,7,8-HPCDD 

67562-39-4 1,2,3,4,6.7,8-HPCDF 

55673-89-7 1,2,3,4,7,8,9-HPCDF 

39227-28-6 1,2,3,4,7,8-HXCDD 

70648-26-9 1.2,3,4,7,8-HXCDF 

57653-85-7 1,2,3,6,7,8-HXCDD 

57117-44-9 1,2,3,6,7,8-HXCDF 

19408-74-3 1,2,3,7,8,9-HXCDD 

72918-21-9 1,2,3.7,8,9-HXCDF 

40321-76-4 1,2,3,7,8-PECDD 

57117-41-6 1,2,3,7,8-PECDF 

60851-34-5 2,3,4,6,7,8-HXCDF 

57117-31-4 2,3,4,7,8-PECDF 

1746-01-6 2,3,7,8-TCDD 

51207-31-9 2.3,7,8-TCDF 

37871-00-4 TOTAL HPCDD 

38998-75-3 TOTAL HPCDF 

34465-46-8 TOTAL HXCDD 

55684-94-1 TOTAL HXCDF 

30402-15-4 TOTAL PECDF 

41903-57-5 TOTAL TCDD 

55722-27-5 TOTAL TCDF 

TCDD TEO 

Volatile Organics (Ilg/kg) 

75-35-4 1,1-DICHLOROETHENE 

71-43-2 6ENZENE 

156-59-2 CI8-1,2-DICHLOROETHENE 

75-09-2 METHYLENE CHLORIDE 

127-18-4 TETRACHLOROETHENE 

156-60-5 TRAN8-1,2-DICHLOROETHENE 

79-01-6 TRICHLOROETHENE 

75-01-4 VINYL CHLORIDE 

• 

TABLE 5-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT . 

8/8 

7/8 

8/8 

7/8 

6/8 

5/8 

7/8 

7/8 

8/8 

8/8 

3/8 . 

5/8 

4/8 

7/8 

7/8 

5/8 

7/8 

8/8 

6/8 

5/8 

1/8 

1/8 

2/8 

1/8 

8/8 

1/8 

1/8 

2/8 

3/8 

218 

1/8 

5/8 

1/8 

NSWC CRANE, C~ANE, INDIANA 
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Minimum 
Concentration 

415 

8.5 

7.2 

12.1 

0.88 

1 

3.7 

1.9 

0.28 

0.36 

0.41 

'1.4 

1.3 

2.4 

2.2 

0.49 

2.8 

15.1 

21.9 

25.4 

25.4 

1.3 

133 

52.4 

0.68 

13 

5 

8 

4 

3 

29 

4 

5 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

• 

5050 

313 

359 

541 

57.5 

21.7 

361 

53 

128 

69.1 

9.8 

22.1 

105 

146 

143 

6.1 

325 

803 

792 

890 

25.4 

1.3 

404 

52.4 

226 

13 

5 

2800 

4 

7 

29 

5100 

5 

J ---
J 0.4 

J ---
J 0.54 

0.3 - 1.8 

0.2 - 2.1 

J 0.55 

J 0.3 

---
J ---
J 0.2 - 3.2 

0.3- 0.9 

0.2 - 30.4 

0.2 

0.2 

0.3 - 0.45 

0.2 

J ---
J 0.54 - 106 

J 0.65 - 68.6 

J 1.5 - 1390 

J 31.2-1970 

0.3 - 66.1 

0.2 - 2100 

---

J 3-4 

J 3-4 

J 3-4 

J 3-4 

J 3-4 

J 3-4 

J 3 

J 3-4 

Location of Maximum 
Concentration 

0586080002 

058B060002 

058B060002 

0586060002 

0586060002 

, 0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586060002 

0586020002 

0586040002 

0586060002 

0586080002 

0586060002 

0586060102 

0586060102 

0586060102 
V""'DVOV ,vc., 

0586030102, 
"""0"""""" 
0586060102 

0586060102 

0586060102 

058B060102 

Site Above 
Background?(') 

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

---
---

---
---
---

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

• 



• 

91-57-6 2-METHYLNAPHTHALENE 

83-32-9 ACENAPHTHENE 

208-96-8 . ACENAPHTHYLENE 

120-12-7 ANTHRACENE 

56-55-3 8ENZO(A)ANTHRACENE 

50-32-8 8ENZO(A)PYRENE 

205-99-2 8ENZO(8)FLUORANTHENE 

191-24-2 8ENZO(G.H.I)PERYLENE 

207-08-9 8ENZO(K)FLUORANTHENE 

117-81-7 815(2-ETHYLHEXYL)pHTHALA TE 

218-01-9 CHRY5ENE 

53-70-3 DI8ENZO(A,H)ANTHRACENE 

206-44-0 FLUORANTHENE 

86-73-7 FLUORENE 

193-39-5 INDENO(1,2,3-CD)pYRENE 

91-20-3 NAPHTHALENE 

85-01-8 PHENANTHRENE 

129-00-0 PYRENE 

Inorganics (mg/kg) 

7429-90-5 ALUMINUM 

7440-36-0 ANTIMONY 

7440-38-2 AR5ENIC 

7440-39-3 6ARIUM 

7440-43-9 CADMIUM 

7440-70-2 CALCIUM 

7440-47-3 CHROMIUM 

7440-48-4 C08ALT 

7440-50-8 COPPER 

7439-89-6 IRON 

• 
TABLE 5-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

5/8 

3/8 

1/8 

6/8 

6/8 

6/8 

7/8 

6/8 

6/8 

2/8 

6/8 

6/8 

7/8 

3/8 

6/8 

5/8 

6/8 

7/8 
-

8/8 

7/8 

8/8 

8/8 

6/8 

7/8 

8/8 

8/8 

8/8 

8/8 -

NSWC CRANE, CRANE, INDIANA 

Minimum 
Concentration 

12 

30 

16 

9 

31 

31 

8 

17 

28 

930 

35 

8 

11 

20 

15 

23 

48 

9 
--

6.7 

100 

10 

2.4 

3580 

3.2 

5.1 

74.7 

1.6 

685 

10.4 

5.8 

11.7 

15600 
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65 

120 

16 

340 

950 

820 
.. 790 

350 

670 

3400 

910 

180 

2200 

110 

360 

100 

1700 

2400 

J, 

J 14800 

J 301 

J 26.8 

J 2020 

J 31.1 

J 241000 

112 

35.8 

1520 

J _L- HI5000 

8- 33 

8- 33 

8-33 

J 8 

J 8 

J 8 

J 8 

J 8 

J 8 

400 - 430 

J 8 

J 8 

J B 

J 8- 33 

J 8 

8-33 

B 

8 
--- ---

J ---
J 0.9 

J ---
-

J 0.83 - 0.84 

J 413 

J -
---

J -
J --

• 
Location of Maximum I Site Above 

Concentration 6ackground?(2) 

0558060002 ---
0558010002 ---
0558030002 ---
0558050002 ---
0558050002 ---
0558050002 ---
0558050002 ---
0558050002 ---
0558050002 ---
0558050002 --. . ~ .. 
0558050002 ---
0558050002 ---
0558050002 ---
0558050002 ---
0588050002 ---
0558060002 ---
0558050002 --- ";'~ .. 

0558050002 
-- -- - ._- ---

0588080002 

0558080002 

0558080002 

0558050002 

0558040002 NO 

05S6060002 YES 

0558060002 NO 

05S6060002 YES 

05S6060002 YES 

05S6050002 YES 

05S6060002 YES 

0558060002 NO 

05S8060002 YES 

05S6060002 YES 
--
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CAS 

TABLE 5-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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Detection Minimum Minimum Maximum Maximum Range of Location of Maximum Site Above 

Number Parameter Frequency(') Concentration Qualifier Concentration Qualifier Nondetects Concentration Background?(2) 

7439-92-1 LEAD 8/8 15.2 J 16900 J - 05SB060002 YES 

7439-95-4 MAGNESIUM 8/8 660 J 4900 J _.- 05S8050002 NO 

7439-96·5 MANGANESE 8/8 264 1170 --- 05S8040002 NO 

7439-97-6 MERCURY 8/8 0.04 J 0.43 -- 05S8010002 YES 

7440-02·0 NICKEL 8/8 12 62.6 -_. 05S8060002 NO 

7440-09·7 POTASSIUM 5/8 464 J 1050 J 413 - 462 05S8060002 NO 

7440-22-4 SILVER 3/8 1.8 J 7.5 J 0.83 - 0.92 05SB060002 YES 

7440-31-5 TIN 7/8 13.2 J 849 4.5 05SB080002 YES 

7440-62·2 VANADIUM 8/8 9.9 22.9 --- 05S8040002 NO 

7440-66-6 ZINC 8/B 26.6 5110 J - 05S8060002 YES 

Miscellaneous Parameter (MEQ/100 g) 

[TTNUS014 -prioN EXCHANGE CAPACITY 1/1 13 J 13 J 05S8040002 

1700 0588040002 

1 . Associated 8amples: 2 - 8ackgound 8amples: 

0588010002 0588050002 8G188A0101 8G388A0301 --- Not Applicable 

0588010102 0588050102 8G188A0401 8G388A0501 80lding indicates that parameter is in excess c 

0588020002 0588060002 8G188P0401 

0588020102 0588060102 8G 1 88P0601·MAX 

0588030002 0588070002 8G188P0701 

0588030102 0588070102 8G188P0801 

0588040002 0588080002 8G188P0901 

05S8040102 0588080102 8G388A0101-MAX 

Note: 

8G388M0201 

8G388M0401 

8G3S8M0601 

8G388M0701 

8G388M0801 

CA8 . Chemical abstract services .. 

ng - nanogram. 

mg . milogram. 

kg - kilogram. 

IIg - microgram. 

MEQ/100 g - Milliequivalent per 100 grams. 

8urface soil samples were collected Irom the 0 to 2·loot depth interval. 8amples collected Iro all analyses other than VOCs were taken Irom the lull interval. 8amples collected lor VOC 

analyses were taken Irom the 1 to 2-loot interval because the 0 to Hoot interval would be depelted n VOCs . 
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• 
Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

Dioxins (ng/kg) 

1,2,3,4,6,7,8,9-0CDD 

1,2,3,4,6,7,8,9-0CDF 

1,2,3,4,6,7,8-HPCDD 

1,2,3,4,6,7,8-HPCDF 

1,2,3,4,7,8,9-HPCDF 

1,2,3,4,7,8-HXCDD 

1,2,3,4,7,8-HXCDF 

1,2,3,6,7,8-HXCDD 

1,2,3,6,7,8-HXCDF 

1,2,3,7,8,9-HXCDD 

1,2,3,7,8,9-HXCDF 

1,2,3,7,8:PECDD 

1,2,3,7,8-PECDF 

2,3,4,6,7,8-HXCDF 

2,3,4,7,8-PECDF 

2,3,7,8-TCDD 

2,3,7,8-TCDF 

TOTAL HPCDD 

TOTAL HPCDF' 

TOTAL HXCDD 

TOTAL HXCDF 

TOTAL PECDD 

TOTAL PECDF 

TOTAL TCDF 

TCDDTEQ 

Volatiles (119/k9) 

1,1-DICHLOROETHANE 

ACETONE 

BENZENE 

CHLOROETHANE 

CIS-l,2-DICHLOROETHENE 

ETHYLBENZENE 

METHYLENE CHLORIDE 

TOLUENE 

• 
TABLE 5-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 4 

0558010810 0558020406 0558030507 0558040204 0558050608 

8 - 10 4-6 5-7 2-4 6-8 

9 8 8 8 __ 8 __ 

58.1 J 666 J 1330 J 1520 J 278 J 

2.2 J 25.6 J 328 J 0.26 J 10 J 

5.7 BU 67.7 J 736 J 9.8 J 9 U 

2.4 BU 48 J 1590 J 0.76 U 66.6 J 

0.49 J 1.6 U 23.1 J 0.1 U 6 U 

0.26 J 1.2 U 84.9 J 0.13 U 3.3 UJ 

1.1 BU 9.4 J 1010 J 0.66 BU 15.2 J 

0.62 U 4.8 J 192 J 0.14 U 4.6 J 

0.58 8J 3.8 BJ . 447 J 0.3 J 2.4 U 

0.65 U 4.5 J ., 42.5 J 0.7 J 3.1 U 

0.1 U 0.7 U 6.6 J 0.14 U 3.1 U 

0.1 U 1.4 J 97.7 J 0.11 U 2.4 U 

0.49 J 2.5 U 378 J 0.32 J 1.7 U 

0.61 U 4.4 J 78.6 J 0.14 U 2.6 U 

0.77 J 5.2 118 J 0.22 J 1.7 U 

0.2 U 0.3 U 33.5 J 0.06 U 1.3 U 

1.6 15.3 453 J 0.36 J 3.1 U 

10.2 U 136 J 1690 J 26.1 J 17.4 U 

4.4 U 78.8 J 1850 J 0.94 U 112J 

5 J 53.5 U 3040 J 3.5 U 30.8 U 

4.4 U 55 U 3940 J 2.3 U 72 J 

1.2 U 25.8 U 2280 J 0.58 U 8.5 U 

7 U 71.5 U 5740 J 2.7 U 67.3 

10 U 109 U 36840 J 3.4 U 67.9 U 

0.98 10.1 ~64 0.81 9.2 
-

3 U 3 U 140 3 U 4 U 

16 U 14 U 54 15 U 48 

3 U 3 U 17 3 U 4 U 

3 U 3 U 48 3 U 4 U 

130 3 U 61 3 U 5 

3 U 3 U 19 3 U 4 U 

3 U 3 U 42 4 J 4 U 

3 U 3 U 27 3 U 4 U 
- --

• 
0558060608 0558070608 I 

6-8 6 -.8 

'------ 8 ___ 8 
---- -- ~ 

1250 J 1760 J 

59 J 477 J 

188 J 498 J 

109 J 807 J 

7.7 UJ 68.6 

5 UJ 29.8 

50.2 J 524 J 

22.3 J 72.8 J .,., .... , 
19.3 J 180 

\:.~~ 

22 U 93.4 J 

3.8 U 7.5 J 
.. :~~; "':-~ >f~; ~ 
~~,.t.':"'~":" ....... .,....""": ....... 

7.9 36 
~- .". ~-; 

28.3 U 130 

26 J 191 

30 189 

. ',,;,;;:; 
"~i 

.::~ 
-~~t: 

2.4 8.8 ii.~"J 

20.3 107 

427 J 1080 J 

124 J 1200 J I 
27.3 U 1100 J I 

243 J 2010 U 

89.4 U 840 U 

396 U 2910 U 

215 U 3040 U 

46.8 280 

3 U 3 U 

16 U 15 U 

3' 3 U 

3 U 3 U 

51 3 U 

3 U 3 U 

3 U 3 U 

3 U 3 U 



Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

TRANS-l,2-DICHLOROETHENE 

TRICHLOROETHENE 

VINYL CHLORIDE 

XYLENES, TOTAL 

Semi-Volatiles (l1g1kg) 

2-METHYLNAPHTHALENE 

4-METHYLPHENOL 

ACENAPHTHENE 

ACENAPHTHYLENE 

ANTHRACENE 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

BENZO{G,H,I)pERYLENE 

BENZO{K)FLUORANTHENE 

BIS{2-ETHYLHEXYL)PHTHALATE 

CHRYSENE 

DIBENZO{A,H)ANTHRACENE 

FLUORANTHENE 

FLUORENE 

INDENO{ 1 ,2,3-CD)PYRENE 

NAPHTHALENE 

PHENANTHRENE 

PYRENE 

Pesticides/PCBs (l1g/kg) 

4,4'-DDD 

AROCLOR-1254 

AROCLOR-1260 

DIELDRIN 

METHOXYCHLOR 

• 

TABLE 5-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE20F4 

055B010810· 05SB020406 05SB030507 05SB040204 05SB050608 

8 - 10 4-6 5-7 2-4 6.-8 

9 8 8 8 8 

3 U 3 U 7 3 U 4 U 

3 U 3 U 9· 3 U 4 U 

7 '3 U 76 3 U 24 

3 U '.3 U 61 3 U 10 

7 U 120 2500 J 8.00 U 660 J 

360 U 460 5900 U 400 UJ 420 U 

7 U 45 5900 U 8.00 U 34 U 

7 U 9 5900 U 8.00 U 52 J 

7 U 66 5900 U 8.00 U 34 U 

7 U 78 5900 U 8.00 U 100 J 

7 U 53 J 5900 U 8.00 U 93 J 
·10 67 J 5900 U 8.00 U 140 J 

7 U 20 J 5900 U 8.00 UJ 68 J 

7 U 50 J 5900 U 8.00 U 34 UJ 

360 U 940 1600 J 400 UJ 1100 

7 U 75 1500 J 8.00 U 150 J 

7 U 11 UJ 5900 U 8.00 UJ 34 UJ 

10 130 5900 U 8.00 U 120 J 

7 U 50 5900 U· 8.00 U 84 J 

7 U 18 J 5900 U 8.00 UJ 39 J 

7 U 180 1200 J 8.00 U 250 J 

12 210 2800 J 8.00 U 310 J 

9 190 3100 J 8.00 U 350 J 

3.5 U 8.0 58 U 3.9 UJ 4.2 U 

35 U 39 U 580 U 39 U 42 U 

35 U 39 U 580 U 39 U 640 

3.5 U 3.9 U 58 U 3.9 U 7.4 

18 U 20 U 300 U 20 UJ 22 U 

• 

05SB060608 05SB070608 

6-8 6-8· 

8 8 

3 U 3 U 

13 9 

160 3 U 

3 U 3 U 

150 25 

770J 410 U 

40 10 

16 18 

50 89 

50 J 730 

47 J 650 

76 J 960 

37 J 260 J 

16 UJ 530 

1900 410 U 

70 J 840 

16 UJ 130 J 

61 J 830 

35 8 U 

20 J 240 J 

330 41 

190 170 

180 J 870 

14 R 4.0 U 

670 150 

40 U 40 U 

4.0 U 4.0 U 

28 J 49 J 

• 



• 
5ample Identification 

Depth Range (feet bgs) 

50il Grou~ 
~-

Herbcides (jLg/kg) 

• 
TABLE 5-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 4 

0558010810 0558020406 0558030507 0558040204 0558050608 

8 - 10 4-6 5-7 2-4 6-8 

-- "---
9 

-~-

8 
-

'8 8 8 

0558060608 0558070608 

6-8 6-8 

8 8 

'PENTACHLOROPHENOL ~---r 1.5j- 3.0 ~- 1~' 0.80 U --I 2.4 J 3.3 4.8 J 

Inorganics (mglkg) 

ALUMINUM 3910 J 8240 J 14600.J 15700 J 8740 J 9240 J 6660 J 

ANTIMONY 0.90 J 96.1 J 126 J 0.84 U 6.5 J 208 J 11.5 J 

ARSENIC 2.9 J 9.0 J 10.5 J 4.0 6.9 J 12.2 J 5.6 J 

BARIUM 30.3 593 1430 99.4 J 234 1230 193 

CADMIUM 0.80 U 9.8 J 27.9 J 0.90 U 1.8 J 13.4 J 4.8 J 

CALCIUM 399 U 11400 J 17600 J 449 UJ 3190 J 15500 J 2760 J 

CHROMIUM 5.7 J 30.0 J 54.2 J 8.8 20.8 J 110 J 29.6 J 

COBALT 6.7 7.0 22.6 5.5 7.6 11.8 7.7 

COPPER 8.1 J 258J 2580 J 10.7 77.4 J 6370 J 387 J 

IRON 11400 J 31600 J 72900 J 12700 J 29900 J 43900 J 35200 J 

LEAD 9.0 J 1330 J 549 J 8.2 J 2550 J 2860 J 151 J 

MAGNESIUM 496 J 2340 J 1740 J 702 J 1180 J 2590 J 1110 J 

MANGANESE 157 J 472 J 1070 J 258 383 J 626 J 286 J 

MERCURY 0.04 U 0.11 0.04 U 0.04 J 93.2 0.06 0.17 

NICKEL 8.8 20.0 50.5 12.0 15.7 33.4 18.8 

POTASSIUM 399 U 1060 J 1070 J 449 UJ 561 J 1520 J 621 J 

SILVER 0.80 U 1.7 J 16.1 J 0.90 UJ 0.92 U 2.7 J 3.8 J 

SODIUM 399 U '500 1300 J 449 U 462 U 933 J 447 U 

TIN 4.1 UJ 212 J 233 J 4.2 U 16.0 J 324 J '14.0 J 

VANADIUM 9.6 21.1 22.7 17.6 18.2 21.3 16.3 

ZINC 33.7 J 1140 J 2050 J 25.9 374 J 3010 J 491 J 
-----

Miscellaneous Parameters 

CATION EXCHANGE CAPACITY (MEa/l00 g) 3.20 8.10 11.0 

pH (S.U.) 7.20 J 7.60 J 7.50 J 

TOTAL ORGANIC CARBON (mglkg) -----L..-. 
1500 72000 23000----" 
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• 

TABLE 5-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Sample Identification 0558010810 

Depth Range (feet bgs) 8 - 10 

Soil Group'; 9 

Blank cells indicale the sample was not analyzed for this parameter. 

bgs - Below ground surface. 

MEQ - milliequivalents 

Data Validation Qualifiers: 

PAGE 4 OF 4 

0558020406 05S8030507 05S8040204 

4-6 5-7 2-4 

8 8 8 
-- --- -

0558050608 

6-8 

8 _ 

05S8060608 

6-8 

L-_ 8 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from 
the laboratory are reported in this manner. This qualifier is also added to a positive result (reported by the laboratory) if the detected 
concentration is determined to be attributable to contamination introduced during field sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is considered to be estimated 
based on problems encountered during laboratory analysis. 'The· associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is 
actually presentin the sample. The laboratory-reported concentration is considered to be an estimate of the true concentration. 

-UR - Indicates that the chemical mayor may not be present. The non detected analytical result reported by the laboratory is considered to be 
',unreliable and unusable. This qualifier is applied in cases of gross technical deficiencies (i.e.; holding times missed by a factor of two times the 
specified time limit, severe calibration noncompliances; and extremely low quality control recoveries). -

R -' Indicates that the chemical mayor may not be present. The positive analytical results reported by the laboratory is considered to be unreliable 
, and unusable. This qualifier is applied in cases of gross technical deficiencies. 

BU c Indicates that the chemical was.detected n this.sample as well·as the associated laboratory method blank but'has been qualified non-detected 

resultant of laboratory blank contamination (i.e., concentration was less than the blank' action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank; and is considered estimated because the 
concentration is in excess of the blank action level. 

05S8070608 

6-8 

8 

Soil Group 8 - Pennsylvanian subsurface day and silt as per "Basewide Background Soil Investigation Report," NSWC Crane, Indiana (TtNUS, January 2001). 

Soil Group 9 - Pennsylvanian subsurface sand as per "Basewide Background Soil Investigation Report," NSWC Crane, Indiana (TtNUS, January 2001) . 

• • 
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Parameter 

Dioxins (ng/kg) - _. 
3268-87-9 1,2,3,4,6,7,8;9-0CDD 

39001-02-0 1,2,3,4,6,7,8,9-0CDF 

35822-46-9 1,2,3,4,6,7,8-HPCDD 

67562-39-4 1,2,3,4,6,7,8-HPCDF 

55673-89-7 1,2,3,4,7,8,9-HPCDF 

39227-28-6 1,2,3,4,7,8-HXCDD 

70648-26-9 1,2,3,4,7,8-HXCDF 

57653-85-7 1,2,3,6,7,8-HXCDD 

57117-44-9 1,2,3,6,7,8-HXCDF 

19408-74-3 1,2,3,7,8,9-HXCDD 

72918-21-9 1,2,3,7,8,9-HXCDF 

40321-76-4 1,2,3,7,8-PECDD 

57117-41-6 1,2,3,7,8-PECDF 

60851-34-5 2,3,4,6,7,8-HXCDF 

57117-31-4 2,3,4,7,8-PECDF 

1746-01-6 2,3,7,8-TCDD 

51207-31-9 2,3,7,8-TCDF 

37871-00-4 TOTAL HPCDD 

38998-75-3 TOTAL HPCDF 

34465-46-8 TOTAL HXCDD 

55684-94-1 TOTAL HXCDF 

36088-22-9 TOTALPECDD 

30402-15-4 TOTAL PECDF 

55722-27-5 TOTAL TCDF 

TCDD TEO 

Volatile Organics (lJglkg) 

75-34-3 1,1-DICHLOROETHANE 

67-64-1 ACETONE 

71-43-2 8ENZENE 

75-00-3 CHLOROETHANE 

156-59-2 CIS-l,2-DICHLOROETHENE 

100-41-4 ETHYL8ENZENE 

75-09-2 METHYLENE CHLORIDE 

108-88-3 TOLUENE 

156-60-5 TRANS-l,2-DICHLOROETHENE 

79-01-6 TRICHLOROETHENE 

75-01-4 VINYL CHLORIDE 

1330-20-7 XYLENES, TOTAL 

• 
TABLE 5-5 

SUBSURFACE SOIL ANAL YTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

7f7 
7f7 
5f7 
5f7 
3f7 
3f7 
5f7 
5f7 
6f7 
4f7 
2f7 
4f7 
4f7 
4f7 
6f7 
3f7 
6f7 
5f7 
5f7 
3f7 
3f7 
lf7 

2f7 

lf7 

lf7 
2f7 
2f7 
lf7 
4f7 
lf7 

2f7 

lf7 
lf7 

3f7 
4f7 
2f7 

NSWC CRANE, CRANE, INDIANA 

58:1 

0.26 

9.8 

48 

0.49 

0.26 

9.4 

.4.6 

0.3 

0.7 

6.6 

1.4 

. 0.32 

4.4 

0.22 

2.4 

0.36 

26.1 

78.8 

5 

72 

2280 

67.3 

36840 

140 

48 

3 

48 

5 

19 

4 

27 

7 

9 

7 

10 
.- -
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J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

L.- __ 

Maximum 
Concentration 

1760 

477 

736 

1590 

68.6 

84.9 

1010 

192 

447 

93.4 

7.5 

97.7 

378 

191 

189 

33.5 

453 

1690 

1850 

3040 

3940 

2280 

5740 

36840 

140 

54 

17 

48 

130 

19 

42 

27 

7 

13 

160 

61 
--

J ---
J ---
J 5.7 - 9 

J 0.76 - 2.4 

0.1 -7.7 

J 0.13 -5 

J 0.66 - 1.1 

J 0.14-0.62 

J 2.4 

J 0.65 - 22 

J 0.1 - 3.8 

J 0.1 - 2.4 

J 1.7 - 28.3 

0.14 -2.6 

1.7 

J 0.06-1.3 

J 3.1 

J 10.2 - 17.4 

J 0.94 - 4.4 

J 3.5 - 53.5 

J 2.3 - 2010 

J 0.58 - 840 

J 2.7-2910 

J 3.4 - 3040 

3-4 

14 -16 

3-4 

3-4 

3 

3-4 

3-4 

3-4 

3-4 

3-4 

3 

3 
--- -

Location of Maximum 
Concentration 

05S8070608 

05S8070608 

05S8030507 

05S8030507 

05S8070608 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8070608 

05S8070608 

05S8030507 

05S8030507 

05S8070608 

05S8070608 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8010810 

05S8030507 

05S8030507 

05S8030507 

05S8030507 

05S8060608 

05S8060608 

05S8030507 

, 
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CAS 
Number I Parameter 

Semi-Volatile Organics (Ilglkg) 

91-57-6 12-METHYLNAPHTHALENE 

106-44-5 14-METHYLPHENOL 

83-32-9 ACENAPHTHENE 

208-96-8 IACENAPHTHYLENE 

120-12-7 IANTHRACENE 

56-55-3 BENlO(A)ANTHRACENE 

50-32-8 BENlO(A)PYRENE 

205-99-2 BENlO(B)FLUORANTHENE 

191-24-2 BENlO(G,H,I)PERYLENE 

207-08-9 BENlO(K)FLUORANTHENE 

117-81-7 IBI5(2-ETHYLHEXYL)PHTHALATE 

218-01-9 ICHRY5ENE 

53-70-3 'IDIBENlO(A,H)ANTHRACENE 

206-44-0· IFLUORANTHENE 

86-73-7 IFLUORENE 

193-39-5 IINDENO(1,2,3-CD)PYRENE 

91-20-3 INAPHTHALENE 

85-01-8 IPHENANTHRENE 

129-00-0 'lPYRENE 

Pesticides/PCB's (Ilgll<g) 

72-54-8 14,4'-DDD 

11097-69-1 IAROCLOR-1254 

11096-82-5IAROCLOR-1260 

60-57-1 DIELDRIN 

72-43-5 IMETHOXYCHLOR 

Herbicides (Ilglkg) 

87-86-5 IPENTACHLOROPHENOL 

Inorganics (mg/kg) 

7429-90-5 IALUMINUM 

7440-36-0 IANTIMONY 

7440-38-2 IARSENIC 

7440-39-3 IBARIUM 

7440-43-9 ICADMIUM 

7440-70-2 ICALCIUM 

7440-47-3 ICHROMIUM 

7440-48-4 ICOBAL T 

7440-50-8 ICOPPER 

7439-89-6 IiRON 

• 

TABLE 5-5 

SUBSURFACE SOil ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Detection I Minimum 
Frequency(1) Concentration 

517 25 

217 460 

317 10 

417 9 

317 50 

417 50 

417 47 

517 10 

417 20 

2f7 50 

417 940 

517 70 

117 130 

517 10 

317 35 

417 18 

517 41 

617 12 

617 9 

1/6 8 

217 150 

117 640 

117 7.4 

2f7 28 

517 1.5 

717 3910 

617 0,9 

717 2.9 

717 30,3 

517 1.8 

517 2760 

717 5,7 

717 5.5 

717 8,1 

717 11400 
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Minimum 
Qualifier 

J 
, J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

• 

Maximum 
Concentration 

2500 

770 

45 

52 

89 

730 

650 

960 

260 

530 

1900 

1500 

130 

836 
84 

240 

'1200 

2800 

3100 

8 

670 

640 

7.4 

49 

4.8 

15700 

208 

12.2 

1430 

27.9 

17600 

110 

22.6 

6370 

72900 

Maximum 
Qualifier 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

Range 01 
Nondetects 

7-8 

360 - 5900 

7 - 5900 

7 - 5900 

7 - 5900 

7 - 5900 

7 - 5900 

8 - 5900 

7 - 5900 

7 - 5900 

360 - 410 

7-8 

7 - 5900 

8 - 5900 

7 - 5900 

7 - 5900 

7-8 

8 

8 

3.5 - 58 

35 - 580 

35 - 580 

3.5 - 58 

18 - 300 

0.8 - 12 

0.84 

0.8-0,9 

399 -449 

Location of Maximum 
Concentration 

05SB030507 

055B060608 

055B020406 

055B050608 

055B070608 

055B070608 

05SB070608 

055B070608 

055B070608 

055B070608 

055B060608 

055B030507 

055B070608 

055B070608 

055B050608 

055B070608 

055B030507 

055B030507 

055B030507 

055B020406 

055B060608 

055B050608 

055B050608 

055B070608 

055B070608 

055B040204 

05SB060608 

05SB060608 

05SB030507 

05SB030507 

05SB030507 

05SB060608 

055B030507 

05SB060608 

05SB030507 

Site Above 
Background?(2) 

NO 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

• 



• !. 

CAS 
Number Parameter 

7439-92-1 LEAD 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7439-97-6 MERCURY 

7440-02-0 NICKEL 

7440-09-7 POTASSIUM 

7440-22-4 SILVER 

7440-23-5 SODIUM 

7440-31-5 TIN 

7440-62·2 VANADIUM 

7440-66-6 ZINC 

Miscellaneous Parameters (MEQ/100 g) 

• 
TABLE 5-5 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Detection Minimum Minimum Maximum Maximum Range of 
Frequency!') Concentration Qualifier Concentration Qualifier Nondetects 

7n 8.2 ~ J 2860 J --
7n 496 J 2590 J ---
7n 157 J 1070 J -
5n 0.04 J 93.2 0.04 

7n 8.8 50.5 -
5n 561 J 1520 J 399 - 449 

4n 1.7 J 16.1 J 0.8 - 0.92 

3n 500 1300 J 399 - 462 

5n 14 J 324 J 4.1 - 4.2 

7n 9.6 22.7 ---
7n 25.9 3010 J -

Location of Maximum 
Concentration 

05S6060608 

05S6060608 

05S6030507 

05S6050608 

05S6030507 

05SB060608 

05S6030507 

05S6030507 

05S6060608 

05SB030507 

05S6060608 

!TTNUSOI4 !CATION EXCHANGE CAPACITY 3/3 3.2 r==--. !- 11 055B050608 

1 . Associated 5amples: 

05SB010810 

05SB020406 

05SB030507 

055B040204 

._- = Not applicable. 

055B050608 

. 05SB060608 

05SB070608' 

Bolding indicates this parameter is in excess of background. 

CAS· Chemical abstlract services. 

MEQ . MilliequiValents per 100 gram. 

S.U .. Standard units. 

72000 

2 . BaCkground Samples 

BG1SBP0103 BG1SBP0406-MAX 

BG1SBP0204. BG1SBP0505 

BG1SBP0206 BG1SBP0603 

BG1SBP0305 

BG1SBP0806 

~ 

BG1SBP0804 

BG1SBP1004 

05SB030507 

'.. 

• 
Site Above 

6ackground?!') 

YES 

NO 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

NO .... ,,: 
YES ,.0. ,:,' 

:j... 

\. 

~.:t,;l; 

,-' 
.:.;j 
{--~ 

~0l; 

·~~t:.:,:.j~~ 
f.,;( 

:::~ 
,:~~ 
~~ 

£Ii 



Well Number 

Sample Identification 

Dioxins (pg/l) 

1.2.3.4.6.7.8.9-OCDD 19.2 U 6.3 U 

1.2.3.4.6.7.8.9·0CDF 13.8 U 1.8 UJ 

1.2.3.4.6.7.8·HPCDD 11.2 U 2 U 

2.3.7.8·TCDD 2.40 U 1.3 U 

TOTAL HPCDD 11.2 U 2 U' 

TOTAL HPCDF 6.10 U 1.2 U 

TOTAL TCDD 2.40 U 1.3 U 

TCDD TEO _L-..._ _L- 5.2 _,--1.9 
Volatile Organics (~g/l) 

CHLOROFORM 

CIS·l.2·DICHLOROETHENE 

Semi-Volatile Organics (~gIL) 

TABLE 5-6 

SUMMARY OF POSITIVE GROUND WATER ANAL YTlCAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

54.5 U 6.10 J 12.4 J 3.8 UJ 36.5 J 11.4 J 

39.3 U 3.60 UJ 6.50 U 3 UJ 2.4 UJ 3.30 UJ 

31.1 U 3.20 U 6.10 U 2.9 U 2.5 U 2.60 U 

5.40 U 1.60 U 3.30 U 1.7 U 1.4 U 1.20 U 

269 J 

6.8 J 

12.2 J 

I U 

31.1 U 3.20 U 6.10 U 2.9 U 2.5 U 2.60 U 17.4 U 

16.3 U 1.90 U 3.70 U 1.8 U 1.6 U 1.60 U 2.4 

5.40 U 1.60 U 3.30 U I.7U 1.4 U 1.20 U I U 

,-.12.8 2.9 t 5.4 2.6 2.2 2.2 1.7 
.. 

63.4 J 18.5 J 38.8 J 7.20 U 35.4 J 16.8 J 

6.60 U 4.7 UJ 2.9 UJ 5.70 U 7.90 U 9.30 U 

7.10 J 3.5 U 2.8 U 5.40 U 6.90 U 8.20 U 

6.30 J 2 U 1.4 U 2.80 U 1.80 U 11.3 

16.2 3.5 U 2.8 U 5.40 U 6.90 U 8.20 U 

3.60 U 1.9 U 1.6 U 3.40 U 3.90 U 4.90 U 

6.30 2 U 1.4 U 2.80 U 1.80 U 11.3 

9.7 8.1 2.3 4.7 3.8 15.9 

iBIS(2.ETHYLHEXYL)PHTHALATE 2 U 2 U 2 U 4 BU 2 U 2 U 110 3 BU 2 U 2 U 2 U 2 U 2 U 2 U 2 U 

Inorganlcs (~g+A381L) 

ALUMINUM 200 U 

ARSENIC 0.14 

BARIUM 82.1 

CALCIUM 22900 

COPPER 2.0 U 

IRON 658 J 

LEAD 1.0 U 

MAGNESIUM 7000 

MANGANESE 182 J 

SELENIUM 1.0 U 

SODIUM 5000 U 

VANADIUM 2.0 U 

ZINC 41.3 

Filtered Metals (~g/L) Filtered Metals (~g/L) 

BARIUM. FILTERED 61.1 33.2 

CALCIUM. FILTERED 5000 61600 

IRON. FILTERED 100 U 137 

MAGNESIUM. FILTERED 5000 U 13200 J 

MANGANESE. FILTERED 15.4 51.2 

SODIUM. FILTERED 5000 U 5010 J 

1 • Sample was des'lgnated the SWMU 5 upgradienl ground water location. 

Blank cells indicate sample waS not analyzed lor this parameter. 

Data Validation Qualifiers: 

200 U 2320 J 200 U 200 U 

1.0 U 1.0 U 0.16 0.82 

145 90.6 188 112 

91500 5000 U 71300 55600 

2.0 U 4.9 2.0 U 2.0 U 

287 4440 358 312 

1.0 U 4.1 1.0 U 1.0 U 

11800 J 5000 U 10300 J 16700 J 

15.0 U 141 15.0 U 1170 J 

1.0 U 1.0 U 1.0 U 1.0 U 

5000 U 5000 U 5130 5000 U 

2.0 U 4.9 2.0 U 2.0 U 

10.0 U 25.5 10.0 U 10.0 U 

200 U 200 U 200 U 341 J 200 U 200 U 200 U 200 U 

1.2 1.0 U 0.12 1.0 U 1.6 1.0 U 1.0 U 0.16 

227 113 68.1 36.1 118 90.3 62.0 54.5 

75500 72500 44800 72900 56000 48300 56500 23200 

2.0 U 2.0 U 2.0 U . 2.0 U 20 U 2.0 U 2.0 U 2.0 U 

1170 2190 150 • 857 2270 512 298 188 

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

27600 J 24400 J 6980 J 15100 J 17300 J 8990 J 5000 U 5350 J 

855 1290 15.0 U 183 2270 J 147 18.3 167 J 

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

28800 J 13700 J 5000 U 5530 J 10400 11500 J 14400 J 20400 

2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 

10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 

U· Indicates that the chemical was not detected at the numerical delecLionlimil (sample-specific quantitalian limit) noted. Nondelecled results from the laboratory are reported in this manner. This qualifier is also added to a positive result (reported by the 
laboratory) lithe detected concentration is determined 10 be attribulable 10 conlaminalion introduced during field sampling or laboratory analysis. . 

UJ - Indicates Ihallhe chemical was not delected. However. the detection limit (sample-specific quantilation limit) is considored to be estimated based on prOblems encountered during laboratory analysis. The associateu numerical detection limit is. regarded as 
inaccurate or imprecise. 

J - Indicates thai the chemical was detected. However. the associated numerical result is nol a precise representation 01 the amountlhat is actually present in the sample. The laboratory-reported concenlration is considered to be an estimate of the true 
concentration. 

200 U 200 U 

0.20 0.31 

67.0 36.3 

22100 17200 

2.0 U 2.0 U 

100 U 157 

1.0 U 1.0 U 

6010 J 5000 J 

15.0 U 105 J 

1.0 U 1.4 

19500 5120 

2.0 U 2.0 U 

10.0 U 10.0 U 

UR -Indicates that the chemical mayor may not be presen!. The nondetected analytical result reported by the laboratory Is considered to be unreliable and unusable, This qualifier is applied in cases 01 gross technical deliciencies (i.e., holding times missed by a 
factor of tv.o times Ihe specified time limit, severe calibration noncompliances. and extremely low quality control recoveries). 

R - Indicates that the chemical mayor may nol be present. The positive analytical resulls reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross technical deficiencies. 
BU -Indicates that the chemical was detected n thiS sample as well as the associated laboralory method blank but has been qualified non-detected resultant of laboratory blank contamination (Le., concentration was tess than the blank action level), 
8J - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is in excess of the blank action level. 

'. • • 
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CAS Detection 

Number Parameter Frequency(1) 

Dioxins (pglL) 

3268-87-9 1,2,3,4,6,7,8,9-0CDD 10/14 

39001-02·0 1,2,3,4,6,7,8,9-0CDF 1/14 

35822-46-9 1,2,3,4,6,7,8-HPCDD 2114 

1746-01-6 2,3,7,8-TCDD 2/14 

37871-00-4 TOTAL HPCDD 1/14 

38998'75-3 TOTAL HPCDF 1/14 

41903-57-5 TOTAL TCDD 2114 

----
cICDD TE~ _____ L~14_ 

• 
TABLE 5-7 

GROUND WATER ANALYTICAL SUMMARY STATISTICS 
SWMU, 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Minimum Minimum Maximum Maximum Range of 
Concentration Qualifier Concentration Qualifier Nondetects 

6.1 J 269 J 3.8 - 54.5 

6.8 J 6.8 J 1.8 - 39.3 

7.1 J 12.2 J 2 - 31.1 

6.3 J 11.3 1 - 5.4 

16.2 16.2 2 - 31.1 

2.4 2.4 1.2 - 16.3 

6.3 11.3 1 - 5.4 

1.7 _~._9 __ 
- - '-------- - -- -- - - --

• 
Site Above 

Location of Maximum Upgradient 
Concentration Upgradient(2) Concentration? 

05GW1301 --- ---
05GW1301 --- -
05GW1301 --- -

05GWT0301 --- ---
05GW1501 --- -
05GW1301 --- - ~:;~ 

05GWT0301 --- ;..--- .~;~~:, 
".;5 
~~ 

05GWT0301 --- -.- " . 

-- - -- - -- -- -

!..:. .-
"r·'Vwo· 

_ .. __ .. _. _. .... 1 1 05GWT0101 , $.:~;::._ •. ~;,':?~ 
CIS-1,2-DICHLOROETHENE. 3 3 05GW 1501 : ~:;:~.;;: • "'~~r·~~ 

110 110 

••• - • .:;1'-"'-- ,r-~-, 

7429-90-5 ALUMINUM 2114 341 J 2320 

7440-38-2 ARSENIC 8/14 0.12 1.6 

7440-39-3 BARIUM 14/14 36.1 227 

7440-70-2 CALCIUM 13/14 17200 i' 91500 

7440-50-8 COPPER 1/14 4.9 
.~t 

4.9 

7439-89-6 IRON 13/14 150 4440 

7439-92-1 LEAD 1/14 4.1 4.1 

7439-95-4 MAGNESIUM 12114 5000 J 27600 

7439-96-5 MANGANESE 10/14 18.3 2270 

7782-49-2 SELENIUM 1/14 1.4 1.4 

7440-23-5 SODIUM 10/14 5120 28800 

7440-62-2 VANADIUM 1/14 4.9 4.9 

7440-66-6 ZINC 1/14 25.5 25.5 

Filtered Metals (IJ9IL) 

7440-39-3 BARIUM, FILTERED 212 33.2 61.1 

7440-70-2 CALCIUM, FILTERED 212 5000 61600 

7439-89-6 IRON, FILTERED 1/2 137 137 

05GW0801 

J 200 OSGW0301 

1 OSGW1S01 

- OSGW0701 

5000 OSGW0201 

2 OSGW0301 

100 OSGW0301 

1 OSGW0301 

J 5000 OSGW0701 

J 15 OSGW1S01 

1 OSGWT0301 

J 5000 OSGW0701 

2 OSGW0301 

10 05GW0301 

--- 05GW0301-F 

--- 05GW1301-F 

100 05GW1301-F 

NO 

0.14 

80.1 

22900 

NO 

' 658 

NO 

7000 

182 

NO 

NO 

NO 

41.3 

---
---
---

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

---
---
---

.. ,:~.~~.;,,: \~~~ 

~~~ 
c~ 

. "'!.\...:;.: .. ~ 

.~;~~~ 



CAS 
Number. Parameter 

7439-9S-4 MAGNESIUM, FILTERED 

7439-96-S MANGANESE, FILTERED 

7440-23-S SODIUM, FILTERED 

1 - Associated Samples: 

OSGW0201 OSGW0701 

OSGW0301 OSGW0801 

0~GW0301-F OSGW0901 

OSGW0401 OSGW1301 

OSGW0601 OSGW1301-F 

• 

Detection 

TABLE 5-7 

GROUND WATER ANALYTICAL SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE20F2 

Minimum Minimum Maximum Maximum Location of Maximum Range of 
Freque~cy(l) Concentration Qualifier Concentration Qualifier Nondetects Concentration 

1/2 13200 

212 1S.4 

1/2 S010 

OSGW1S01 

OSGW1601 

OSGW1901 

OSGWT0101 

OSGWT0201 

OSGWT0301 

J 13200 J SOOO OSGW1301-F 

S1.2 --- OSGW1301-F 

J S010 J SOOO OSGW1301-F 

2 - Upgradient Sample: BOSGW0101 

--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

NO = Not detected. 

CAS = Chemical abstract services. 

pg = picograms. 

~g = micrograms. 

mg = milligrams. 

L = liters . 

• 

Site Above .I 
Upgradient 

Upgradient(2) Concentration? 

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

• 



• 
Sample Identification 

Dioxins (pglL) 

• 
TABLE 5-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

ITOTAL PECDD 3.30 UJ 6.70 U . 1 7.20 U 9.40 7.00 U 

Volatile Organics (llglL) 

l,l-DiCHLOROETHENE 1 U 2 1 U 1 U 1 U 

CIS-l,2-DICHLOROETHENE 1 U 290 110 1 U 1 

TRANS-l,2-D1CHLOROETHENE 1 U 9 3 1 U 1 U 

TRICHLOROETHENE 1 U 120 48 1 U 1 U 

VINYL CHLORIDE 
-----

1 U 85 18 1 U_ 1 U 
-------

Semi-Volatile Organics (llglL) 
[8iSf2-ETHYLHEXYL)PHTHALATE J ---,-- . 1 2 2 . -I 2 U 2 U 2 UJ 

Inorganics (llglL) 

ALUMINUM 200 U 200 U 200 U 204 J 200 U 

ANTIMONY 1.0 U 1.0 U 1.0 U 1.0 U 1.3 

ARSENIC 0.55 0.41 0.52 0.64 0.34 

BARIUM 67.7 J 68.3 J 80.7 J 84.0 J 184 J 

CALCIUM 29200 24300 33600 7570 72600 

COPPER 2.0 U 2.7 2.0 U 2.0 U 2.4 

IRON 284 J 456 J 762 J 1520 J 337 J 

MAGNESIUM 6490 J 9680 J 11900 J 5000 U 11400 J 

MANGANESE 41.4 238 315 105 15.0 U 

SODIUM 30700 9330 11700 22800 10200 

ZINC 10.0 U 19.5 19.9 10.0 U 10.0 U 

Filtered Metals (llglL) 

ANTIMONY, FILTERED 1.0 U 1.0 U 1.0 U 1.0 U 1.3 

ARSENIC, FILTERED 0.51 0.30 0.50 0.56 0.29 

BARIUM, FILTERED 68.0 J 66.1 J 75.6 J 79.0"j 174 J 

CALCIUM, FILTERED 29500 27000 35200 7920 74900 

COPPER, FILTERED 2.0 U 2.0 U 2.0 U . 2.0 U 2.1 

IRON, FILTERED 103 J 209 J 577 J 594 J 282 J 

MAGNESIUM, FILTERED 6960 J 10900 J 12500 J 5140 J 11800 J 

MANGANESE, FILTERED 33.9 228 304 85.8 15.0 U 

SODIUM, FILTERED 27900 9150 10900 22800 9530 

ZINC, FILTERED 10.0 U 16.9 20.0 10.0 U 10.0 U 
----

Miscellaneous Parameters (mglL) 

HARDNESS 

TOTAL SUSPENDED SOLIDS 

• 



• 

TABLE 5-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

1 - Sample was designated at SWMU 5 upgradient surlace water tocation. 

Blank cells indicate sam pte was not analyzed for this parameter. 

Data Validation Qualifiers: 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratory are 
reported in this manner. This qualifier is also added to a pos~ive result (reported by the laboratory) ij the detected concentration is determined to be attributable to 
contamination introduced during field sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection 'limit (sample-specific quantitation limit) is considered to be estima1ed based on problems 
encountered during laboratory analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the 
sample. The laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This 
qualifier is applied in cases of gross technical deficiencies (Le., hold'rng times missed by a factor of two times the specified time limit, severe calibration 
noncompliances, and extremely low quality control recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical results reported by the laboratory is considered to be unreliable and unusable. This 
qualifier is applied in cases of gross technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected resultant of laboratory 
blank contamination (Le., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is in excess 
of the. blank action level. 

• • 
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CAS 
Number Parameter 

Dioxins (pg/L) 

136088-22-9 ITOTAL PECDD I 
Volatice Organics (llg/L) . 

75-35-4 1,1-DICHLOROETHENE 

156-59-2 CIS-1,2-DICHLOROETHENE 

156-60-5 TRANS-1,2-DICHLOROETHENE 

79-01-6 TRICHLOROETHENE 

75-01-4 VINYL CHLORIDE 

Semi-Volatile Organics (llg/L) 

• 
TABLE 5-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Detection Minimum Minimum Maximum Maximum Range of 
Frequency(1) Concentration Qualifier Concentration Qualifier Nondetects 

1/4 I 9.4 I I 9.4 I I 6.7 -7.2 I 

1/4 2 2 1 

3/4 1 290 1 

214 3 9 1 

2/4 48 120 1 

2/4 18 85 1 
- - -

• 

Location of Is Site Above 
Maximum Upgradient 

Concentration Upgradient(2) Concentration? 

05SW0401 L --- .~.---~--

05SW0201 --- ---
05SW0201 --- ---
05SW0201 --- ---
05SW0201 --- ---
05SW0201 --- ---._- .- ._- ._-

1117-81-7 IBIS(2-ETHYLHEXYL)PHTHALATE 1 1/4 2--1--· ~.. 2 =r=~ 2 =r=OsSW0201 1- 1- n-_ --I 
Inorganics (llg/L) '-

7429-90-5 ALUMINUM 1/4 204 J . 204 J 200 OSSW0401 ND YES 

7440-36-0 ANTIMONY 1/4 1.3 1.3 1 OSSWOSOl ND YES 

7440-38-2 ARSENIC 4/4 0.34 0.64 0 OSSW0401 0.55 NO·' 

7440-39-3 BARIUM 4/4 68.3 J 184 J 0 OSSWOSOl 67.7 YES 

7440-70-2 CALCIUM 4/4 7570 72600 0 OSSWOSOl 27200 YES 

7440-50-8 COPPER 214 2.4 2.7 2 OSSW0201 ND YES 

7439-89-6 IRON 4/4 337 J ; 1520 J 0 OSSW0401 284 YES .. ' 
7439-95-4 MAGNESIUM 3/4 9880 J ! 11900 J 5000 OSSW0301 6490 YES 

7439-96-5 MANGANESE 3/4 105 315 15 OSSW0301 '41.4 YES 

7440-23-5 SODIUM 4/4 9330 22800 0 05SW0401 30700 NO 

7440-66·6 ZINC 214 19.5 19.9 10 OSSW0301 NO YES 

Filtered Metals (llg/L) 

7440-36-0 ANTIMONY, FILTERED 1/4 1.3 1.3 1 OSSWOS01-F ND YES 

7440-38-2 ARSENIC, FILTERED 4/4 0.29 0.56 0 OSSW0401-F 0.51 YES 

7440-39-3 BARIUM, FILTERED 4/4 .66.1 J 174 J 0 OSSWOS01-F 68 YES 

7440-70-2 CALCIUM, FILTERED 4/4 7920 74900 0 OSSWOS01-F 27500 YES 

7440-50-8 COPPER, FIL TEREO 1/4 2.1 2.1 2 OSSWOS01-F ND YES 

7439-89-6 IRON, FILTERED 4/4 209 J 594 J 0 OSSW0401-F 103 YES 

7439-95-4 MAGNESIUM, FILTERED 4/4 5140 J 12500 J 0 OSSW0301-F 6960 YES 

7439-96-5 MANGANESE, FILTERED 3/4 85.8 304 - ._~ _ '--OSSW0301-F 33.9 YES 

." .'-' .. " '.>ii . " ~.;; 

: .. -:: 
or..;,'" _0.,."1 . 
. ~~ 
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CAS 
Number Parameter 

7440-23-5 SODIUM, FILTERED 

7440-66-6 ZINC; FILTERED 

Miscellaneous Parameters (nglL) 

TTNUS022 

TTNUS044 

HARDNESS 

TOTAL SUSPENDED SOLIDS 

1 -' Associated Samples: 

05SW0201 

05SW0201-F 

05SW0301 

. 05SW030 1-F 

05SW0401 

05SW0401-F 

05SW0501 

05SW0501-F 

• 

TABLE 5-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 20F2 

Detection Minimum Minimum Maximum Maximum Range of 
Frequency(1) Concentration Qualifier Concentration Qualifier Nondetects 

4/4 9150 22800 0 

214 16.9 20 10 

4/4 38 230 0 

3/4 2 52 2 

2 - Upgradient Samples: ND = Not detected. 

Location of 
Maximum 

Concentration 

05SW0401-F 

05SW0301-F 

05SW0501 

05SW0201 

B05SWOI01-F 

B05SW0101 

CAS = Chemical abstract services. 

--- = Not applicable. 

Upgradient(2) 

27900 

NO 

-
-

. Bolding' indicates parameter is in excess 01 upgradient concentration. 

pg = picograms . 

ng = nanograms. 

I1g = micrograms. 

L = liters. 

• 

Is Site Above 
Upgradient 

Concentration? 

NO 

YES 

-
-

• 



• • 
TABLE 5-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Sample Identification (upgradient) I 05S0020006 I 05S0030006 I 05S0040006 I 05S0050006 

Oioxins (ng/kg) 

1,2,3,4,6,7,B,9-0CDD 7110 J 6110 J 2440 J 13BO J 1160 J 

1,2,3,4,6,7,B,9-0CDF B.3 UJ 223 J 41.9 J 2.2 J 73.5 J 

1,2,3,4,6,7,B-HPCDD 46.3 J 203 J 63.B J 35.5 J 103 J 

1,2,3,4,6,7,B-HPCDF 4.1 BJ B6.1 J 24.2 J 4.5 BJ 47.5 J 

1,2,3,4,7,B,9-HPCDF 2.5 UJ 6.5 J 1.6 J 0.32 U 3.2 J 

1,2,3,4,7,B-HXCDD 0.61 J 2.7 J 0.95 J 0.5 J 2 J 

1,2,3,4,7,B-HXCDF 2.4 BJ 21 J 7.B J 3.2 BJ 11.3 J 

1,2,3,6,7,B-HXCDD O.BB J 7.2 2.2 J 0.92 J 5.4 

1,2,3,6,7,B-HXCDF 1 J B.3 3 J 1.4' J 5.1 

1,2,3,7,B,9-HXCDD 1.2 U 7.7 2.B J 1.5 J 5.5 

1,2,3,7,B,9-HXCDF 0.9 U 1.4 J 0.56 J 0.1 U 0.79 J 

1,2,3,7,B-PECDD 0.7 UJ 2.2 J 0.67 J 0.29 U 1.7 J 

1,2,3,7,B-PECDF 0.B9 J 5.9 J 1.6 J 2.0 U 2.B J 

2,3,4,6,7,B-HXCDF 0.51 U 10.7 J 3.5 J 1.0 J 6.7 J 

2,3,4,7,B-PECDF 0.72 J 9.3 J 2.7 J 1.3 J 5.2 J 

2,3,7,B-TCDD 0.4 U 1 0.42 J 0.26 J 3.7 

2,3,7,B-TCDF 1.4 J . 7.0 2.20 J 2.3 J 4.30 J • 
TOTAL HPCDD 102 J 422 137 J B4 J 221 

TOTAL HPCDF 5.B J 259 U 67.5 U 6.B U 107 J 

TOTAL TCDD 0.75 33 U 9.9 U 6.6 U 16.6 U 

TCDDTEQ 2.B 1B.3 5.9 2.5 13.9 

Volatiles (Ilg/kg) 

CIS-1,2-DICHLOROETHENE 4 U 1000 4 U B U 6 U 

METHYLENE CHLORIDE 4 J 5 J 7 J B J 6 J 

TRICHLOROETHENE 4 U 700 4 U B U 6 U 
- --- -

Semi-Volatiles (Ilg/kg) 

2-METHYLNAPHTHALENE 14.0 10.0 U 10.0 U 14 U 24.0 

ACENAPHTHENE 7B.0 10.0 U 10.0 U 14 U 10.0 U 

ANTHRACENE 95.0 10.0 U 10.0 U 14 U 10.0 U 

BENZO(A)ANTHRACENE 360 26.0 19.0 14 U 23.0 

• 
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TABLE 5-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

0580010006\ 'I 

8ample Identification (upgradient) 0580020006 0580030006 0580040006 

BENZO(A)PYRENE 300 24.0 22.0 14 U 

BENZO(B)FLUORANTHENE 320 27.0 25.0 14 U 

BENZO(G,H,I)PERYLENE 110 15.0 14.0 14 U 

BENZO(K)FLUORANTHENE 260 22.0 18.0 14 U 

CHRYSENE 370 29.0 25.0 14 U 

DIBENZO(A,H)ANTHRACENE 68.0 10.0 U 10.0 U 14 U 

FLUORANTHENE 960 55.0 45.0 16 

FLUORENE 56.0 10.0 U 10.0 U 14 U 

INDENO(1,2,3-CD)PYRENE 120 13.0 12.0 14 U 

NAPHTHALENE 37.0 10.0 U 10.0 U 14 U 

P.HENANTHRENE 670 31.0 ·25.0 14 U 

PYRENE 650 47.0 34.0 14 U 

. Pesticides (Ilglkg) 

0580050006 

30.0 

45.0 

45.0 

33.0 

39.0 

16.0 

38.0 

10.0 U 

27.0 

16.0 

22.0 

39.0 

IAROCLOR-1260 42 U I - 49 U 50 U 67 u=r 170 ~ 
. Herbicides (Ilglkg) 

HEXACHLOROPHENE 0.85 U 1.0 U . 1.0 U 3.1 J 0.96 UJ 

PENTACHLOROPHENOL 0.85 U 1.0 U 1.0 U 1.4 U 6.0 J 

Inorganics (mglkg) 

ALUMINUM 5610 J 4750 J 3790 J 5260 J 7660 J 

ANTIMONY 1.0 U 2.2 1.6 1.6 U 5.8 

ARSENIC 6.1 3.0 3.3 1.9 5.3 

BARIUM 54.5 J 133 J 76.6 J 117 J 148 J 

BERYLLIUM 1.1 J 1.1 U 1.1 U 1.6 U 1.1 U 

CADMIUM 0.93 U 1.1 U 1.1 U 1.6 U 2.5 J 

CALCIUM 12400 J 3050 J 2370 J 1540 J 57300 J 

CHROMIUM 13.4 J 13.4 J 9.5 J 6.9 J 17.4 J 

COBALT 9.5 5.9 5.7 4 5.8 

COPPER 12.0 J 24.3 J 15.0 J 9.5 J 37.1 J 

IRON 24400 J 9630 J 10300 J 5030 J 14000 J 

LEAD 20.9 30.3 18.8 15.1 130 

MAGNESIUM 1540 J 1150 J 734 788 U 4010 J 

• • 
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TABLE 5-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE30F3 

05S001 0006\' I 

Sample Identification (upgradient) 05S0020006 05S0030006 05S0040006 05S0050006 

MANGANESE 346 J 712 J 812 J 109 J 328 J 

MERCURY 0.03 0.04 0.05 U 0.08 U 0.09 J 

NICKEL 22.5 9.2 14.5 10.3 12.8 

POTASSIUM 464 U 554 U 544 U 788 U 648 

VANADIUM 15.1 10.5 11.0 10.2 16.7 

ZINC 53.2 110 77.3 31.7 243 

Miscellaneous Parameter (mglkg) 
ITOTALORG~CARBON--=r- ·3100 _n I -4000 -r 2600··· 7-.11000 ~- 4400 ~ 

1 - Sample was designated at SWMU 5 as upgradient sediment location. 

Data Validation Qualifiers: 
U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) 

noted. Nondetected results from the laboratory are reported in this manner. This qualifier is also added to a 
positive result (reported by the laboratory) if the detected concentration is determined to be attributable to 
contamination introduced during field sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is 
considered to be estimated based on problems encountered during laboratory analysis. The associated 
numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise 
representation of the amount that is actually present in'the sample. The laboratory-reported concentration is 
considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The nondetected analy1ical result reported by the 
laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross technical 
deficiencies (Le., holding times missed by a factor of two times the specified time limit, severe calibration 
noncompliances, and extremely low quality control recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analy1ical results reported by the laboratory 
is considered to be unreliable and unusable. This qualifier is applied in cases of gross technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but 
has been qualified non-detected resultant of laboratory blank contamination (Le., concentration was less than 
the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is 
considered estimated because the concentration is 
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Parameter 

Dioxins (ng/kg) 

3268-87-9 l,2,3,4,6,7,8,9-0COO 4/4 

39001-02-0 l,2,3.4,6,7,8,9-0COF 4/4 

35822-46-9 l,2,3.4,6,7,8-HPCOO 4/4 

67562-39-4 l,2,3,4,6,7,8-HPCOF 4/4 

55673-89-7 l,2,3.4,7,8,9-HPCOF 3/4 

39227-28-6 l,2,3.4,7,8-HXCOO 4/4 

70648-26-9 l,2,3,4,7,8-HXCOF 4/4 

57653-85-7 l,2,3,6,7,8-HXCOO 4/4 

57117-44-9 l,2,3,6,7,8-HXCOF - 4/4 

19408-74-3 l,2,3,7,8,9-HXCOO 4/4 

72918-21-9 l,2,3,7,8,9-HXCOF 3/4 

40321-76-4 1,2,3,7,8-PECOO 3/4 

57117-41-6 l,2,3,7,8-PECOF 3/4 

60851-34-5 2,3.4,6,7,8-HXCOF 4/4 

57117-31-4 2,3,4,7,8-PECOF 4/4 

1746-01-6 2,3,7,8-TCOO 4/4 

51207-31-9 2,3,7,8-TCOF 4/4 

37871-00-4 TOTAL HPCOO 4/4 

38998-75-3 TOTAl. HPCOF 1/4 

TCOOTEQ 4/4 

Volatile Organics (lJg/kg) 

156-59-2 CI8-1,2-0ICHLOROETHENE 1/4 

75-09-2 METHYLENE CHLORIDE 4/4 

79-01-6 TRICHLOROETHENE 1/4 

Semi-Volatile Organics (lJg/kg) 
- -' 

91-57-6 2-METHYLNAPHTHALENE 1/4 

56-55-3 BENZO(A)ANTHRACENE 3/4 

50-32-8 BENZO(A)PYRENE 314 

205-99-2 BENZO(B)FLUORANTHENE 314 

191-24-2 BENZO(G, H ,I) PERYLENE 314 

207-08-9 BENZO(K)FLUORANTHENE 314 

218-01-9 CHRY8ENE 3/4 

53-70-3 OIBENZO(A,H)ANTHRACENE 1/4 

• 

TABLE 5-11 

SEDIMENT ANALTYICAL RE'SULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

1160 

2.2 

35.5 

4.5 

1.6 

0.5 

3.2 

0.92 

1.4 

1.5 

0.56 

0.67 

1.6 

1 

1.3 

0.26 

2.2 

84 

107 

2.5 
- - --

1000 

5 

700 

24 

19 

22 

25 

14 

18 

25 

16 

NSWC CRANE, CRANE, INDIANA 

J 

J 

J 

J 
- J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

-, 

J 
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Maximum 
Concentration 

6110 

223 

203 

86.1 

6.5 

2.7 

21 

7.2 

8.3 

7.7 

1.4 

2.2 

5.9 

10.7 

9.3 

3.7 

7 

422 

107 

18.3 

1000 

8 

700 

24 

26 

30 

45 

45 

33 

39 

16 

• 

J 

J 

J. 

J 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

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

0.32 

---
---
---
---
---
0.1 

0.29 

2 

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

6.8 - 259 

4-8 

---
4-8 

10 - 14 

14 

14 

14 

14 

14 

14 

10 - 14 

Upgradient(2) 

0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---
0580020006 ---

.0580020006 ---
0580020006 ---
0580020006 ---
0580050006 ---
0580020006 ---
0580020006 ---
0580050006 ---
0580020006 ---

0580020006 ---
0580040006 ---
0580020006 ---

0580050006 ---
0580020006 ---
0580050006 ---
0580050006 ---
0580050006 ---
0580050006 ---
0580050006 ---
0580050006 ---

Site Above 
Upgradient 

Concentration? 

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

---
---
---

-

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

• 



• 
CAS 
Number Parameter 

206-44-0 FLUORANTHENE 

193-39-5 INOENO(1,2,3-CO)PYRENE 

91-20-3· NAPHTHALENE 

85-01-8 PHENANTHRENE 

129-00-0 PYRENE 

Pesticides/PCB's (Ilglkg) 

• 
TABLE 5-11 

SEDIMENT ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Detection Minimum Minimum Maximum Maximum Range of Location of Maximum 
Frequency(l) Concentration Qualifier Concentration Qualifier Nondetects Concentration 

4/4 16 55 0 05S0020006 

314 12 27 14 0580050006 

1/4 16 16 10 -14 0580050006 

3/4 22 31 14 0580020006 

314 34 47 14 0580020006 

111096-82-5 IAROCLOR-1260 ,- 1/4 --,--170 -- , ---170 - 49 - 67 0580050006 

3.1 0580040006 

6 0580050006 

Inorganics (mg/kg) 

7429-90-5 ALUMINUM 414 3790 J . 7660 J - 05S0050006 

7440-36-0 ANTIMONY 3/4 1.6 5.8 1.6 05S0050006 

7440-38-2 AR8ENIC 4/4 1.9 5.3 --- 0580050006 

7440-39-3 BARIUM 4/4 76.6 J 
. 

148 J 05S0050006 -
7440-43-9 CADMIUM 1/4 2.5 J 

, .. 
2.5 J 1.1 - 1.6 05S0050006 

-7440-70-2 CALCIUM 414 1540 J 57300 J -- 05S0050006 

7440-47-3 CHROMIUM 414 6.9 J 17.4 J -- 05S0050006 

7440-48-4 COBALT 4/4 4 5.9 . --- 0580020006 

7440-50-8 COPPER 414 9.5 J 37.1 J - 05S0050006 

7439-89-6 IRON 4/4 5030 J 14000 J --- 0580050006 

7439-92-1 LEAD 4/4 15.1 130 - 05S0050006 

7439-95-4 MAGNESIUM 3/4 734 4010 J 788 05S0050006 

7439-96-5 MANGANESE 414 109 J 812 J - 05S0030006 

7439-97-6 MERCURY 214 0.04 0.09 J 0.05 - 0.08 05S0050006 

7440-02-0 NICKEL 4/4 9.2 14.5 --- 0580030006 

7440-09-7 POTASSIUM 114 648 648 544 -788 05S0050006 

7440-62-2 VANADIUM 4/4 10.2 16.7 - 05S0050006 

7440-66-6 ZINC 414 31.7 243 -- 05S0050006 

Miscellaneous Parameter (mglkg) 

ITOT AL ORGANIC CARBON 4/4 2600 11000 0580040006 

Upgradient(2) 

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

5610 

NO 

6.1 

54.5 

NO 

12400 

13.4 

9.5 

12 

24400 

20.9 

1540. 

346 

0.03 

22.5 

NO 

15.1 

53.2 

• 
Site Above 
Upgradient 

Concentration? 

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

YES 

YES 

NO 

YES .. 
YES' '.' 

YES 0 

YES 
., 

NO 

YES 

NO 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 
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Parameter 

1 - Associated 8amples: 

0580020006 

0580030006 

0580040006 

0580050006 

--- = Not applicable. 

CA8 = Chemical abstract services. 

TABLE 5-11 

SEDIMENT ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Maximum 
Concentration 

Location of Maximum 
Concentration I Upgradient(2) 

2 - Upgradient 8ample: .B0580010006 

Bolding indicates parameter is in excess of upgradient concentration . 

• • 

8ite Above 
Upgradient 

Concentration? 

• 



• 

CAS 
Number 

Scenario Timeframe: Current/Future 
Medium: Soil 
Exposure Medium: Surface Soil 
EXDQsure Point: Surface Soil 

Chemical 

CHLORIDE 

Minimum 
Concentration 

(1) 

0,004 

• 
TABLE 5-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU'5, OLD BURN PIT 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

0,004 

Maximum 
Qualifier 

Units 

mglkg 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Location of 
. Maximum 

Concentration 

Detection 
Frequency 

(1) 

3/8 

Range of Nondetects 
(2) 

0,003 . 0,004 

Concentration 
Used for 

Screening (3) 

0,004 

Site Above I Risk-Based CO PC 
Background Screening Level 

7 (5) 
(4) 

NA 8,9 C 

• 

Potential I Potential I cope 
ARARfTBC ARARfTBC Flag 

Value Source 

120 IDEM NO 

Rationale for 
Contaminant 
Deletion or 

Seleclion (6) 

B5L 

,",., 

208·96·8 ~CEN~PHTH~~'iNE 0,016 0,016 m ~;SB~:i~~~2 118 ~~~~.~:~;; 0,016' NA N 95008 IDEM ,. 
120·12· 7 ANTHRACENE 0,009 0,34 m 055B050002 618 0,008 - 0,008 0,34 NA N 47000 IDEM .. 
56-55·3 0,031 0,95 m 055B050002 618 0,008·0,008 0.95 NA C IDEM ' :j.~'-i 
50·32·8 0,031 0,82 m Ik 055B050002 618 0,008·0,008 0,82 NA C IDEM (~:?r 
205·99·2 0,008 0,79 m Ik ~;~~~;~~~~ 7/8 ~~~~ - ~~~~ 0.79 NA C IDEM ! ,q,,-,_. 

1,2,3.4,7,8·HXCDF 
1,2,3,6,7,8-HXCDD 
1,2,3,6,7,8-HXCDF 
1,2.3,7.8.9-HXCDD 

~ 
1.2,3,7,8-PECDD 
1.2.3.7.8-PECDF 

" 
(, 

':tL 
" I~~ •• 



CAS 
Number 

TABLE 5-12 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 

SWMU 5. OLD BURN PIT 

Scenario Timeframe: Current/Future 
Medium: Soil 
Exposure Medium: Surface Soli 
Exoosure Point: Surface Soil 

Chemical 

2.3.4.6.7.8-HXCDF 
2.3.4.7.8-PECDF 
2.3.7.8-TCDD 
2.3.7.8-TCDF 
2.3.7.8·TCDD TEO 

ALT 
COPPER 
IRON 
LEAD 

Foolnoles: 

Minimum 
Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units 

NSWC CRANE. CRANE. INDIANA 
PAGE 2 OF 3 

Location Of 
Maximum 

Concentration 

Detection 
Frequency 

(1) 

Range of Nondetects 
(2) 

1 Only the original of duplicate sample was used for cope seleclion. The duplicate was used for quality control purposes only. 
2 Values presented are sample-specific quanlilalion limits. 

The maximum detected concentration is used for screening purposes. 
To determine whether melat concentrations were within background levels, soil concentrations were 
compared to base-wide background data presented in the 8asewide Background Soillnvesligation Report 
(TlNUS.lnc .• January 2001) by means ollhe Wilcoxon Rank Sum Test Illhe Wilcoxon Tesl 
determined that a constituent concentration was nol signilicanty dilferenllrom background, thai 

cherrdcal was nol se~led as a COPC. 
S The risk-based soil COPC screening level lor residential land use is presented. The value is based on a 

target Hazard Quotient 01 0.1 lor noncarcinogens (denoted with a "N" flag) or an incremental cancer 
risk 01 I E·610r carcinogens (denoled wilh a ·'C· flag) (U.S. EPA. Region 9. November 2000) . 

Site Above 
Concentration I Background 

Used for ? 
Screening (3) (4) 

Definitions: 

Risk-Based COPC 
Screening level 

(5) 

Potential I Potential I COPC 
ARARlTBC ARARlTBC Fla 

Value Source 9 

ARARfTBC :;: Applicable or Relevant and Appropriate RequlremenVto be considered. 
C :;: Carcinogen. 
CO PC :;: Chemical of potential concern. 
IDEM:;: Indiana Department of Environmental Management, Risk Integrated System of 

Closure (RISC) residenliallevels lor direcl conlacl wilh soil (IDEM, July 2001). 
J :;: Estimated value. 
N = Nocarcinogen. 
NA :;: Not applicable/bot available. 
sat = Soil saturation concentration. 

• • • 

Rationale for 
Contaminant 
Deletion or 

Seleclion (6) 



CAS 
Number 

• • 
TABLE 5-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 5, OLD BURN PIT 

Scenario Tlmeframe: CurrentlFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
EXDOsure Point: Surface 5011 

Minimum 
Chemical Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Units 

Qualifier 
(1) 

6 The chemical is selected as a cope if the maximum detected concentration exceeds the risk-based 
CO PC screening level andlor an ARARlT8C(s). 

7 Naphlhalene is used as a surrogale lor 2-melhylnaphlhalene. 
8 Acenaphthene is used as a surrogate for acenaphthylene. 
9 Pyrene is used as a surrogate for benzo{g,h,i)perylene and phenanthrene. 
10 Hexavalent chromium. 
1 I OSWER soil screening level lor residential land use (U.S. EPA, July 1994) 
12 Value is lor mercuric chloride (U.S. EPA, Region 3, Oclober 2001) 

Associated Samples: 
05S8010002 
05S8010102 
05S8020002 

05S8020102 
05S8030002 
05S8030102 

05S8040002 
'05S8040102 

- 05S8050002 
05S8050102 
05S8060002 

05S8060102 
05S8070002 
05S8070102 

05S8080002 

05S8080102 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Location of Detection 
Maximum Frequency 

Range of Nondeteets 
(2) 

Concentration (1) 

A: 

Shaded ceUs indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC. 

Concentration 
Site Above 

Risk-Based COPC 
Background 

Used for 
1 

Screening Level 
Screening (3) 

(4) 
(5) 

Rationale Codes: 
For Seleclion as a COPC: 

ASL = Above CO PC screening leveVARARlT8C. 

For Elimination as a COPC: 
8KG = Wilhin background levels. 
8SL = 8elow CO PC screening leveVARARlT8C. 
NTX :::: No toxicity information. 
NUT:::: Essential nutrient. 

BSL :::: Below screening level 
ASL :::: Above screenng level. 
CAS:::: Chemical abstract services. 

Potential 
ARARlTBC 

Value 

• 

Potential 
ARARlTBC 

COPC 
Flag 

Source 

,'<';. 
-~t!). 

.j, 

::;;:-: 

~;~ 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 
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CAS 
Number 

Scenario Timelrame: CurrenUFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
EXDOsure Point: Surface Soil 

Chemical 

• 

TABLE 5-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
SWMU 5, OLD BURN PIT 

Minimum 
Concentration 

(1) 

0.004 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

0.004 

Maximum 
Qualifier 

Units 

NWSC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Location of I Detection 
Maximum Frequency 

Concentration (1) 

318 

• 

Range of NondeteclS 
(2) 

0.003 - 0.004 

Site Above 
Concentration I Background 

Used lor ? 
Screening (3) (4) 

0.004 NA 

NO 
Yes ASL 
Yes ASL 
Yes ASL 

BSL 

• 



CAS 
Number 

160851-34-5 
57i"iT-31-4 
~ 
~ 
~ 

137871-00-4 

55684-94-1 
30402-15-4 
41903-57-5 
55722-27-5 

7429-90-5 
7440-36-0 

• 
Scenario Timeframe: Current/Future 
Medium: Soil 
Exposure Medium: Surface Soil 
EXDOsure Point: Surface Soil 

Chemical 

OTAl HPCDF 
OTAl HXCDD 

/TOTAL HXCDF 
TAL PECDF 
TAL TCDD 
TAi:l'C5F 

IAlUMINUM 

7440-38-2 -----

7440-39-3 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 COBAl 
7440-50-8 
7439-89-6 IRON 
7439-92-1 
7439-95-4 MAGNE51UM 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-' 
7440-22-' 
7440-31-1 
7440,62-: 
7440-66-1 

INICKEL 
POTASSIUM 

TIN 
VANADIUM 

IS PARAMETERS 
:ATION EXCHANGE CAPAC 

IpH 
~TA~L~O~R~G~A~N~IC~C~A~R~B~O~Nc-

Minimum 

• 
TABLE 5-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOil 
SWMU 5, OLD BURN PIT 

NWSC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Maximum location of 

• 

Concentration 
Minimum 
Qualifier 

Concentration Maximum I Units I Maximum 
Qualifier Concentration 

Detection 
Frequency 

(1) 

Range at Nondetects 

(~) 

Concentration 
Used for 

Screening (3) 

Site Above USEPA Generic 
Background SSL for Migration 

? to Groundwater (5) 

USEPA 
Generic 
SSl for 

IDEM SSl for 
Migration to 

Groundwater (6) 

CO PC 
Flag 

Rationale for 
Contaminant 
Deletion or 

Selection (7) 
(1) 

)00024 
).0000022 
~ 
0.0000028 
.00000068 

)000151 
1000219 
>iiOo2s4 

0.0000254 
0.0000013 
0.000133 

-----;QoS24 

3580 
3T 
5. 
74. 
---;-:s 
6a5 
10:4 
5.8 
""'i'1.7 
15600 
t5.2 

660 
264 
""D.04 
12 
464 

'"""Til 
1:3.2 
9.9 
26.8 

13 
5:1 
1700 

J 
J 

J 
J 

J 
J 
J 

J 

J 

..l 

.J.. 
"J 

J 

(1) 

)00146 
.000143 

0.0000061 
.000325 
.000226 
.000803 
.000792 
>:iiOo89 

0.0000254 
0.0000013 
0.000404 
0.0000524 

-j48C 

30i 
26.8 
2020 
~ 

241000 
""'i'T2 
35.8 
1520 
105000 
1690 
4900 

""'i17O 
0.43 
62.6 
1050 

7:5 
849 

22.9 
51iO 

5. 
'cio 

055 B060002 

055B080002 

055B060002 

F"::,,,+-;0::;5S B060002 

m 05SB060002 
m 05SB05OO02 
m Ik 05SB040002 
m Ik 05SBOI0002 
mg/l< 

~
e 

S.U. 
mgll<ft 

05SB080002 

7/8 
7i8 
SiB 
7i8 
8i8 
61~ 
618 

Va 
1i8 
Us 

-2/8 

1i8 

81B 
7i8 
8i8 
8i8 
6i8 
7i8 

B/8 
8i8 
8i8 
8i8 

818 
8i8 
8i8 
8i8 
8i8 

5/B 
3i8 
7i8 
8i8 

8/8 

III 

0.0000002 - 0.0000002 
0.0000002 - 0.0000002 
'.0000003 - 0.00000045 
),0000002 - 0.0000002 

)0000054 . 0.000106 
1 0.00000065 - 0.0000686 

.0000015·0.001: 

.0000312 - 0.0011 
1 0.0000003 - 0.0000661 

).00000 

:::rr:::rr 
0.83 - 0.84 
413 - 413 

413 - 462 
0.83 - 0.92 

4.5 - 4.5 

0.000146 
0.000143 

0.0000061 
0.000325 
0,000226 
),000803 

)079: 
0.00089 

)000254 
)000013 

).000404 
.0000524 

14800 
3ci1 
26.8 
2020 

3i'T 
241000 

-1-12-

35.8 
""'i52o 
105000 
16900 
4900 

""'1i7O 
0.43 
62.6 
105e 
75 
849 
..1.2.9 

+=f. 
~ 

(4) 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NO N 

Soil to Air 

..ill. 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NO 
NO 

No 
No 

NO 
NO 

No 
No 
NO 
NO 
NO 
NO 

NTX 
NTX 
NTX 
NTX 
NTX 
NTX 

NTX 
NTX 
NTX ~_ 

NTX .:' 
NTX • ".' 
NTX't ...... , 

NA NA '1:'No I NTX,BKG I ~ 

'" I NA N NA NA No NTX, BKG. . ,,.," 

NA 
NA 
NA 

NA N NA : , ,.~ 

NA N NA NA -No NTX , 
~ N ~ ~ 

NA 
NA 
NA 

NA NA No NUT, BKG ,;, 
N NA NA No NTX, BKG .-' 
N 10 2.1 
N 13000 950 No BKu 

NA 
NA 

NA 

NA 
NA 
NA 

NO 
No 
No 

NTX 
NIX 
--;;r-



CAS 
Number 

TABLE 5-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
SWMU 5, OLD BURN PIT 

NWSC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Minimum 
Minimum 

Maximum 
Maximum 

location of Detection 
Range of Nondetects 

Chemical Concentration Concentration Units Maximum Frequency 
Qualifier Qualifier (2) 

(1) (1) Concentration (1) -

Foo!no!es: 
1 Only the original of duplicate sample was used lor cope selection. The duplicate was used lor quality contrOl purposes only. 
2 Values presented are sample-specific quantitation limils. 
3 The maximum detected concenlration is used lor screening purposes. 

Site Above 
USEPA 

Concentration 
Ba.ckground 

USEPA Generic Generic IDEM SSL for 

Used lor SSL lor Migration SSL for Migration to 
? 

Screening (3) 10 Groundwater (5) Soli to Air Groundwater (6) 
(4) 

(5) 

Delinitions: 
ARARfTBC ::: Appticabie or Relevant and Appropriate RequiremenVto be considered. 
C ::: Carcinogen, 
COPC ::: Chemical of potential concern, 

COPC 
Flag 

IDEM:::: Indiana Department of Environmenlal Management. Risk Integrated System of 

Rational. for 
Contaminant 
Deletion or 

Selection (7) 

4. To determine whether metal concenlralions were within background levels, soil concentrations were 
compared to base-wide background data presented In the Basewide Background Soil Investigation Report 
(TlNU5, Inc .• January 200!) by means ollhe Wilcoxon Rank 5um Tesl. II the Wilcoxon Tes! 

Closure (RI5C) residen!lallevels lor migra!lon Irom soll!o ground waler (IDEM. July 200!). 

determined that a constituent concentration was not significanty different from background, thai 
chemical was not selected as a COPC. 
Soil Screening Guidance: Technical Background Document. (U.S. EPA, May 1996). The migration to 
groundwater value represents a dilution and attenuation lactor (DAF) 01 1. 

Residential levels for migration Irom soil to groundwater (IDEM, July 2001). 
7 The chemical is selected as a CO PC ilthe maximum detected concentration exceeds any screening level. 
8 Naphthalene is used as a surrogate for 2-melhylnaphthalene. 
9 Acenaphthene is used as a surrogate for acenaphthylene. 
10 Pyrene is used as a su!rogate for benzo(g.h.i)perytene and phenanthrene. 

A~~Q£i~!ed SamQles: 
05580!0002 0558050002 
05580!0!02 05S8050!02 

0558020002 0558060002 

0558020!02 0558060!02 

0558030002 0558070002 

0558030!02 0558070!02 

0558040002 0558080002 

0558040!02 0558080!02 

Shaded cells indicate Ihalthe specified criterion or background level hs been exceeded or that the chemical has been selected as a COPC. 

• • 

J :. Estimated value. 
N :. Nocarcinagen, 
NA :::: Not applicable/not available. 
sal:. Soil saluration concenlration. 

Ralionale Codes: 

For Selection as a cope: 
ASL ='Abovc COPC screening leveUARARIT8C. 

For Elimination as a cope: : 
8KG = Within background levels. 
85L = 8e!ow CO PC screening leveUARARlT8C. 

NTX :::: No toxicity information. 
NUT::: Essential nutrienl. 

ASL ::: Above screening level. 

BSL = Below screening level. 

CAS:::: Chemical abstract services. 

• 



CAS 
Number 

• • • 
TABLE 5·14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface Soil 

Chemical 

TRICHLOROETHENE 
VINYL CHLORIDE 

Minimum 
Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

(1) 

Range of Nondetects 
(2) 

Concentration I Site Above 
Used lor Background 

Screening (3) 7 
(4) 

Risk·Based cope I Potential I Potential I cope 
Screening Level ARARlTBC ARARlTBC Fla 

(5) Value Source g 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 

~"/~ 



CAS 
Number 

ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 

COPPER 
IRON 
LEAD 

~ 
MANGANESE 
MERCURY 

• 

TABLE 5-14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACElSUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

Minimum 
Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

location 01 
Maximum 

Concentration 

• 

Deteclion 
Frequency 

(1) 

Range of Nondetects 
(2) 

Concentration 
Used for 

Screening (3) 

BS~~~ A;:vned I Risk.Ba~ed cope I Potential I Potential I cope 
g1 Screening Level ARARfTBC ARARfTBC Fl. 
(4) (5) Value Source 9 

• 

Rationale for 
Contaminant 
Deletion or 

Seleclion (6) 



,. CAS 
Number 

• • 
TABLE 5·14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface Soil 

Minimum 
Chemical Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Units 

(1) 
Qualifier 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Location 01 Detection Concentration 
Site Above 

Risk·Based CO PC 
Maximum Frequency 

Range of Nondetects 
Used for 

Background 
Screening Level 

Concentration (1) 
(2) 

Screening (3) 
1 

(5) 
-- - ---- ----

(4) __ 

• 

Potential Potential 
ARARfTBC ARARfTBC 

COPC 

Value Source 
Flag 

.-L.. 

MISCELLANEOUS PARAMETERS 
CATION EXCHANGE CAPACITY 3.2 t3 mea'l 00 af 05SB040002 

H 5.t 7.6 S.U. I 05SB030507 
TOTAL ORGANIC CARBON 1500 72000 ma'ka f 05SB030507 

Footnotes: 
1 Only the original of duplicate sample was used for cope selection. The duplicate was used for quality control purposes only. 
2 Values presented are sample-specific quantitation limits. . 
3 The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels. soit concentrations were 
compared to Base-wide background data presenled In the Basewide Background Soillnvestigalion Report 
(TtNUS, Inc., Janual)l200t) by means ollhe Wilcoxon Rank Sum Test. II the Wilcoxon Tesl 
determined thai a constituent concenlration was not significanty diflerent from background. that 
chemical was not selecled as a COPC. 

The risk-based soil CO PC screening level for residential land use is presented. The value is based on a 
target Hazard Quotient of 0.1 (or noncarcinogens (denoted with a ·w nag) or an incremental cancer 
risk 01 1 E·61or carcinogens (denoled with a ·C"lIag) (U,S, EPA, Region 9, November 2000). 

·6 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based 
COPC screening level anel/or an ARARfTBC(s). 

7 Naphthalene is used as a surrogate lor 2-methylnaphthaiene. 
8 Acenaphthene is used as a surrogate for acenaphthylene, 
9 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
10 Hexavalent chromium. 
11 OSWER soil screening level lor residenlialland use (U.S. EPA, July 1994). 
12 Value is lor mercuric chloride (U.S. EPA, Region 3: October 2001). 

Associated Samgles: 
05SB010002 05SB050002 0558010810 05SB050608 

:'.;'" !' ... ;', 

4/4 
4/4 
4/4 

13 NA NA NA IDEM No 
7.6 NA NA NA IDEM No 

72000 NA NA NA IDEM No 

Definitions: 
AAARrrBC = Applicable or Relevant and Appropriate RequiremenUto be considered. 
C = Carcinogen, 
COPC = Chemical of potential concern. _.~ 
IDEM = Indiana Department of Environmental Management, Risk Integrated System of 

Closure (RISC) residenliallevels lor direct contacl with soil (IDEM, JulY'2001), 
J = Estimated value. ~;. ',~ 
N = Nocarcinoge·n. 
NA = NOI appllcable/nol available. 
sat = Soil saturation concentration. 
Rationale Codes: 
For Selection as a COPC: 

ASL = Above CO PC screening leveVARARfTBC. 

For Elimination as a COPC: 
BKG = Wilhin background levels. 
BSL = Below COPC screening leveVARARfTBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

ASl = Above screening level. 
BSL = Below screening level. 
CAS = Chemical abstract services. 

":~" . 

-~ .. 
~·.:/· 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 

NTX 
NTX 
NTX 

:ir.;~ 

~}i 
.~:~ 

~ ,,10 
-''\.~ 

;t~;~1 
" . IF'''''l-

.~~ 

~:'i~ 
.Jr'Ji. 

.1~); 

.::!~ 

·05S8010102 05SB050102 05S8020406 05SB060608 Shaded cells indicate that the specified criteriono r background level has been exceeded or thatlhe chemical has been selected as a COPC. 

05SB020002 05SB060002 05SB030507 05S8070608 
05SB020102 055B060t02 05SB040204 
05S8030002 05SB070002 

05S8030102 05SB070102 

05SB040002 05SB080002 

05SB040102 05SB080102 



CAS 
Number 

TABLE 5·15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

Scenario Tlmeframe: Future 
Medium: Soli 
Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface Soil 

Chemical 

METHYLENE CHLORIDE 
TETRACHLOROETHENE 

• 

Minimum 
Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Concentralion 

(1) 

Maximum 
Oualifier 

Units 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

(1) 

• 

Range of NondeteclS 
(2) 

Site Above I USEPA Generic I Generic SSL 
Concentration I Background SSL for Migration for Soil to 

Used lor ? to Groundwater (5) (5) Screening (3) (4) 

USEPA 
IDEM SSL lor 
Migration to 

Groundwater 

• 

COPC 
Rationale for 
Contaminant 
Deletion or 

Selecllon (7) 



CAS 
Number 

• • 
TABLE 5-15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface Soil 

ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 

Chemical 
Minimum 

Concentration 
(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Localion of 
Maximum 

Concentration 

Detettlon 
Frequency 

(1) 

Range of Nondetects 
(2) 

Site Above 
concent. ralion I Background 

Used for ? 
Screening (3) (4) 

USEPA 
US EPA Generic I Generic SSl 

SSL lor Migration 'or Soil to 
to Groundwater (5) (5) 

• 

IDEM SSL for 
Migration to 

Groundwater 

COPC 
Flag 

Rationale for 
Contaminant 
Deletion or 

Selection (7) 



CAS 
Number 

TABLE 5·15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
'SWMU 5, OLD BURN PIT 

Exposure Medium: Surface/Subsurface Soli 
Exposure Point: Surface/Subsurface Soil 

Minimum 
Chemical Concentration 

(1) 

Minimum 
Cualifier 

Maximum 
Concentration 

Maximum 
Units 

(1) 
Qualifier 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Location of Detection Concentration 
Site Above 

USEPA Generic 
Maximum Frequency 

Range of NondetecI8 
Used for 

Background 
SSL lor Migration 

Concentration (1) 
(2) 

Screening (3) 
? 

to Groundwater (5) 
(4) 

USEPA 
IDEM SSL lor 

Rationale for 
Generic SSL 

Migration to 
COPC Contaminant 

for Soil to Air 
Groundwater (6) 

Flag Deletion or 
(5) Selection (7) 

MISCELLANEOUS PARAMETERS 
CATION EXCHANGE CAPACITY 3.2 13 meal 1 00 0558040002 

H 5.1 7.6 5.U. 0558030507 
TOTAL ORGANIC CAR80N 1500 72000 malk 0558030507 

~: 
Onry the original of duplicate sample was used for cope selection. The duplicate was used lor quality control purposes only. 
Values presented are sample-specific quantilation limits. 
The maximum detected concentration is used tor screening purposes. 
To determine whether metal concentrations were within background levels, soil concentrations were 
compared to base-wide background data presented in the Basewide Background Soil Investigation Report 
(TINU5. Inc .. January 2001) by means ollhe Wilcoxon Rank 5um Test. lilhe Wilcoxon Tesl 
determined that a constituent concentration was not significanty dillerenl from background, thai 
chemical was not selected as a COPC. 
Soil Screening Guidance: Technical Background Documenl. (U.S. EPA. May 1996). The migration to 
groundwater value represents a dilution and attenualion lactor (OAF) of 1. 
Residenliallevels for migration from soil to groundwater (IDEM, July 2001). 

7 The chemical is selected as a CO PC lithe maximum detected concentration exceeds any screening level. 
S Naphthalene is used as a surrogate lor 2·methylnaphlhalene. 
9 Acenaphthene is used as a surrogate for acenaphlhylene. 
10 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 

0558010002 
0558010102 
0558020002 
0558020102 
0558030002 
0558030102 

0558040002 

0558040102 

Associated Samples: 
0558050002 
0558050102 
0558060002 
0558060102 
0558070002 
0558070102 

0558080002 

0558080102 

0558010810 0558050608 
0558020406 0558060608 
0558030507 0558070608 
0558040204 

4/4 
4/4 
4/4 

13 NA NA NA NA 
7.6 NA NA NA NA 

72000 NA NA NA NA 

Oefinitions: 
ARARfTBC ::: Applicable or Relevant and Appropriate Requirement/lo be considered. 
C = Carcinogen, 
CO PC = Chemical of polenlial concern. 
IDEM = Indiana Department of Environmental Manage~enl. Risk Integrated System of 

No 
No 
No 

Closure (RISC) residenliallevels for migration from soil to groundwater (IDEM, July 2001). 
J = Eslimated value. 
N = Nocarcinogen. 
NA = NOI applicable/nol available. 
sal = 'Soil saluration concentration. 

Rationale Codes: 
'For Selection as a cope: 

. A5L = Above COPC screening leveVARARlT8C. 

For Elimination as a cope: 
BKG = Within background levels. 
85L = 8elow CO PC screening leveVARARlT8C. 

NTX '=' No toxicity infonnation. 
NUT.,;; Essential nulrient. 

ASL = Above screening level. 
BSL .,;; Below screening level. 

CAS = Chemical abstract services. 

Shaded cells indicate Ihatlhe specified criterion or background level has been exceeded or Ihatthe chemical has been selected as a cope . 

• • • 

NTX 
NTX 
NTX 



CAS Number 
"-

• 
Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

Chemical 

CHLOROFORM 

CIS-l.2-DICHlOROETHENE 

DIOXINS 1 FURANS 
3268-87-9 OCDD 

39001-02-0 OCDF 

3S822-46-9 1.2.3.4.6.7.8-HPCDD 

1746-01-6 _3.7.S-TCDD 

37871-00-4 TOTAL HPCDD 

38998-7S-3 TOTAL HPCDF 

41903-S7-S TOTAL TCDD 

.3.7.S-TCDD EaUIVAlENT 

INORGANICS 
7429-90-5 lUMINUM 

7440-38-2 

7440-39-3 BARIUM 

7440-70-2 CALCIUM 

7440-50-8 COPPER 

7439-89-6 

7439-92-1 LEAD 

7439-9S-4 MAGNESIUM 

7439-96-5 

7782-49-2 SELENIUM 

7440-23-5 SODIUM 

7440-62-2 VANADIUM 

7440-66-6 ZINC 

Minimum 
Concentration 

11) 

6.1 

6.8 

7.1 

6.3 

16.2 

2.4 

6.3 

1.71 

341 

0.12 

36.1 

17200 

4.9 

lS0 

4.1 

5000 

18.3 

1.4 

5120 

4.9 

25.5 

• 
TABLE 5-16 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 5 - OLD BURN PIT 

NSWC CRANE. CRANE. INDIANA 
PAGE 1 OF 2 

Maximum Detection Concentration 
Minimum Maximum Location 01 Maximum Range of 

Concentration Units Frequency Used for 
Upgradienl 

Sample 
Qualifier II) Qualifier . Concentration (I) Non'detects(2) 

Screening(3) Concentration (4) 

OSGWT010l 

OSGW1S0l 

OSGW0801 

269 pg/l OSGW1301 10/14 3.8 - S4.S 269 NA 

6.8 pg/l OSGW1301 1114 1.8 - 39.3 6.8 NA 

12.2 pgll OSGW1301 2114 2 - 31.1 12.2 NA 

11.3 pglL OSGWT0301 2114 1 - S.4 11.3 NA 

16.2 pglL OSGW1S0l 1/14 2-31.1 16.2 NA 

2.4 pgll OSGW1301 1/14 1.2 - 16.3 2.4 NA 

11.3 pgll OSGWT0301 2/14 1 - S.4 11.3 NA 

lS.9 pglL OSGWT0301 10/14 NA lS.9 NA 

2320 ~g/L 05GW0301 2/14 200 2320_ NO 

1.6 ~glL 05GW1501 8/14 1.6 

227 ~glL OSGW0701 14/14 227 

91S00 ~gll 05GW0201 13114 5000 91S00 

4_9 ~glL OSGW0301 1/14 4.9 ND 

4440 ~g/L 05GW0301 13/14 100 4440 .. 
4.1 ~g/L 05GW0301 1/14 4.1 NO 

27600 ~g/L 05GW0701 12114 5000 27600 

2270 ~glL 05GW1501 10114 15 2270 

1.4 ~glL 05GWT0301 1/14 1.4 ND 

28800 ~glL OSGW0701 10/14 5000 28800 NO 

4.9 ~glL 05GW0301 1/14 4.9 ND 

25.5 ~glL 05GW0301 1/14 10 25.S 41.3 

• 
Risk~Based 

Potential 
Rationale for 

COPC Potential 
COPC Contaminant 

Screening ARARfTBC ARARfTBC 
Value Source 

Flag Deletion or 
Lever'S) Selectlon,6} 

4S00 C NA FED-MCl No BSl 
NA IDEM 

4S00 C NA FED-MCl No BSl 
NA IDEM 

4S C NA FED-MCl No BSL 
NA IDEM 

C 30 FED-MCl 
NA IDEM 

NA NA FED-MCL No "'. BSL' 
NA IDEM 

NA NA FED-MCl No , BSl 
NA IDEM 

NA NA FED-MCl No BSL 
NA IDEM 

C 30 FED-MCL 
NA IDEM 

3600 N I. " FED-MCL 
NA IDEM 

C SO FED-AL 
SO IDEM 

260 N 2000 FED-MCl No BSl 
2000 IDEM 

NA NA FED-MCl No NUT 
NA IDEM 

140 N 1000(7) FED-MCl No BSL 
1300 IDEM 

" N FED-MCL 
NA IDEM 

15 15 FED-Al No BSL 
NA IDEM 

NA NA FED-MCL No NUT 
NA IDEM 

-- N FED-MCL 
NA IDEM 

18 N 50 FED-MCL No BSL 
50 IDEM 

NA NA FED-MCL No NUT 
NA IDEM 

26 N NA FED-MCL No BSL 
NA IDEM 

1100 N 5000(7) FED-MCL No BSL.BKG 
11000 IDEM 



TABLE 5-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Minimum Maximum 
Minimum Location of Maximum 

CAS Number Chemical Concentration Concentration 
Maximum 

Units 
Qualifier Qualifier Concentration 

"' tt, 

FILTERED METALS FILTERED METALS 
7440-39·3 

7440·70·2 

7439·89-6 

7439·95-4 

7439·96·5 

7440·23·5 

-

BARIUM, FILTERED 33.2 61.1 Ilgll 05GW0301-F 

CALCIUM, FilTERED 5000 61600 f1g1l 05GW1301·F 

IRON, FilTERED 137. 137 f1gll 05GW1301-F 

MAGNESIUM, FilTERED 13200 J 13200 J f1gll 05GW1301-F . 15.4 51.2 f1g1l 05GW1301-F 

SODIUM. FILTERED 5010 J 5010 J f1g1L 05GW130f.F 

FOOlnOles: 

Only the original of duplicate sample was used for cope selection. The duplicate was used for quality contra/ purposes only. 

Values p,resenled are sample-specific quanlilalion limits. 

The maxi!11U~ detected concentration is used for screening purposes . 

. To determine whether metafconcentrations were. within background levels: maximum groundwater concentrations were 

compared to concentrations in upgradient groundwater sample 05GWOl 01. If the concentration in the site groundwater 

concentration was less than the upgradient concentration. thai melal was not selcled as a CO PC. 

The risk-based CO PC screening level for lap water use is presented. The value is based on a 

largel Hazard Quotient of 0.1 for noncarcinogens (denoted with a "N" flag) or an Incremental cancer 

risk 01 I E·6 lor carCinogens (denoled wilh a "C- lIag) (U.SEPA, Region 9, Oclober 2000) .. 

6 The chemical is selected as a CO PC if the maximum detected concentration exceeds the risk-based 

CO PC screening level and/or an ARARlTBC(s). 

Secondary MCL. based on aesthetic water quality (Le., color. odor. taste. etc,). 

Associa!edSamplH' 

OSGW0201 0513\'/0701 OSGWI501 

OSGW0301 OSGW0801 OSGWI601 

OSGW0301·F OSGW0901 OSGWI901 

OSGW0401 OSGW1JOI OSGWT0101 

OSGW0501 OSGW1J01·F OSGWT0201 

OSGWT0301 

Shaded cells indicate that the specilled crHerion or ba~kground level has been exceeded or thaI the chemical has been selected as a COPC. 

• • 

Detection 
Frequency 

to 

212 

212 

112 

112 

212 

112 

Range of 

Nondetectsl2) 

_ .. 

---

100 

5000 

---
5000 

Concentration 
Used for 

Screening(3) 

61.1 

61600 

137 

13200 

51.2 

5010 

Upgradienl 
Risk~Based 

Potential Potential 
Rationale for 

CO PC COPC Contaminant 
Sample ARARfTBC ARARfTBC Screening Flag Deletion or 

Concentration (4) Value Source 
Level(5) SeleClion(II} 

NA 260 N 2000 FED·MCl No BSl 
2000 IDEM 

NA NA NA FED·MCl No NUT 
NA . IDEM 

NA 1100 N 300(7) FED·MCl No BSl 
NA IDEM 

NA NA NA FED·MCl No NUT 
NA IDEM 

NA 88 N I FED·MCl 
NA IDEM 

NA NA NA FED-MCL No NUT 
NA IDEM -- -

Definitions: 

ARARfTBC = Applicable or Relevant and Appropriate RequiremenUlo be considered. 

C = Carcinogen. 

~ COPC = Chemical of potential concern. 

J = Estimaled value. 

N = Noncarcinogen. 

NA ; NOI analyzed 1 nol applicable. 

ND ; NOI delecled. 

FED·AL ; Federal aclion level (U.S. EPA, 2000). 

FED-MCL; Federal Maximum Conlaminanl Level (U,S. EPA, 2000). 

IDEM = Indiana Department of Environmental Management, Risk Integrated System of 

Closure (RISC) residenlial closure levels lor ground waler (IDEM, July 2001). 

AaHonale Codes: 

For Seleclion as a COPC: 

ASL ; Above COPC screening leveVARARfTBC. 

For Elimination as a CO PC: 

BKG ; Wilhin background levels. 

BSL ; Below COPC screening leveVARARfTBC. 

NTX = No toxicity information. 

NUT = Essential nutrient. 

ASL = Above screening level. 

BSL -= Below screening level. 

CAS = Chemical abstract services, 

• 



• 
Scenario Timeframe: Current/Future 
Medium: Surface Water 
Exposure Medium: Surface Water 
EXDosure Point: Entire Site 

Minimum 

CAS Number Chemical Concentration 
(I' 

VOLATilE ORGANICS 
75-35-4 .1-DICHlOROETHENE 

156-59-2 IS-l.2-DICHlOROETHENE 

156-60-5 TRANS-l.2-DICHLOROETHENE 

79-01-6 48 

75-01-4 INYL CHLORIDE 18 

lUMINUM 204 

7440-36-0 ANTIMONY 1.3 

7440-38-2 RSENIC 0.34 

7440-39-3 BARIUM 68.3 

7440-70-2 CALCIUM 7570 

7440-50-8 COPPER 2.4 

7439-89-6 337 

7439-95-4 MAGNESIUM 9880 

7439-96-5 105 

7440-23-5 SODIUM 9330 

7440-66-6 ZINC 19.5 

FilTERED METALS 
7440-36-0 ANTIMONY. FILTERED 1.3 

7440-38-2 RSENIC. FilTERED 0.29 

7440-39-3 BARIUM. FilTERED 66.1 

7440-70-2 CALCIUM. FILTERED 7920 

7440-50-8 COPPER. FILTERED 2.1 

7439-89-6 ON. FilTERED 209 

7439-95-4 MAGNESIUM. FILTERED 5140 

Minimum 
Qualifier 

• 
TABLE 5-17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 

SWMU 5 - OLD BURN PIT 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 2 

Maximum Detection Concentration Upgradienl 
Concentration 

Maximum 
Units 

Location of Maximum 
Frequency 

Range of 
Used tor Sample 

(I' 
Qualifier Concentration (1) Nondetects(2

) Screening,l) Concentration (4) 

Ilgll OSSW0201 

290 ~glL 05SW0201 

9 Ilgll 05SW0201 

120 ~gll 05SW0201 

85 IlgiL OSSW0201 

OSSW0201 

OSSW0401 

204 ~glL 05SW0401 1/4 200 204 ND 

1.3 Ilgll OSSWOSOI 1/4 1.3 ND 

0.64 IlgiL 05SW0401 4/4 0.64 

184 IlgiL 05SW0501 4/4 184 

72600 ~gll OSSW0501 4/4 72600 " 
2.7 IlgiL 05SW0201 2/4 2.7 ND 

1520 IlgiL 05SW0401 414 1520 

11900 IlgiL 05SW0301 3/4 5000 11900 ",. 

315 IlgiL 05SW0301 3/4 15 315 

22800 IlgiL OSSW0401 4/4 22800 30700 

19.9 Ilgll 05SW0301 2/4 10 19.9 NO 

1.3 Ilgll 05SW0501-F 114 1.3 ND 

0.56 Ilg/L 05SW0401-F 414 0.56 

174 IlgiL 05SW0501-F 4/4 174 .. 
74900 Ilgll 05SW0501-F 4/4 74900 

2.1 Ilgll 05SW0501-F 1/4 2.1 NO 

594 ~g/l OSSW0401-F 4/4 594 

12500 ~glL 05SW0301-F 4/4 12500 

Risk-Based 
Potential 

COPC 
ARARfTBC 

Screening 
Value Level(S) 

3600 N I. " NA 
1.5 N 6 

NA 
C 50 

50 
260 N 2000 

2000 
NA NA 

NA 
140 N 1000(7) 

1300 
N 

NA 
NA NA 

NA 
N 

NA 
NA NA 

NA 
1100 N 5000(7) 

11000 

1.5 N 6 
NA 

C 50 
50 

260 N 2000 
2000 

NA NA 
NA 

140 N 1000(7) 
1300 

1100 N 
NA 

NA NA 
NA 

• 
Potential 

ARARlTBC 
COPC 

Source 
Flag 

FED-AL 
IDEM 

FED-MCL No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCL No 
IDEM 

FED-MCL No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCL 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCL 
IDEM 

FED-MCL No 
IDEM 

Rationale for 
Contaminant 
Deletion or 
Selection(6) 

BSL 

BSl 

BSL 

,., 

NUT 

BSL 

NUT 

BSL 

NUT 

NUT. BKG 

SSL 

BSL 

BSL 

NUT 

BSL 

NUT 

., -, 
'.':" 

" ,r 

' . 
.... (1 
" . ;~ .,,-

-~~~-:~ 
~ 

"J h , 

'-;'N, 
.. ,~ 

'h~ 



TABLE 5·17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· SURFACE WATER 
SWMU 5 • OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: Current/Future 
Medium: Surface Water 

PAGE 2 OF 2 

CAS Number 

7439·96·5 

7440·23·5 

7440·66·6 

Exposure Medium: Surface Water 
EXDOsure Point: Entire Site 

Chemical 

. 
SODIUM. FILTERED 

ZINC. FILTERED 

Minimum 
Minimum Concentration 
Qualifier "I 

85.8 

9150 

16.9 

Maximum 
Concentration Maximum 

Units 
Location of Maximum 

Qualifier Concentration 
'" 

304 Ilg/L OSSW0301·F 

22800 ~glL OSSW0401·F 

20 ~glL OSSW030l-F 

MISCELLANEOUS PARAMETERS 
HARDNESS 38000 230000 ~g/L OSSWOSOI 

TOTAL SUSPENDED SOLIDS L 2000 I I 52000 I I ~g/L I OSSW0201 

Footnotes: 

Only the original of duplicate sample was used for cope selection. The duplicate was used for quality control purposes only. 

Values presented are sample-specific' quantitation limits. 

The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels, maximum surface water concentrations were 

compared to concentrations in upgradient surface water sample OSSW010l. If the concentration in the sUe surface water 

concentration was less than the upgradient concentration, that melal was not setcted as a COPC. 

The risk·based CO PC screening level for lap water use is presented. The value is based on a 

target Hazard Quotient of 0.1 for noncarcinogens (denoted with a "N" lIag) or an incremental cancer 

risk 01 1 E·6 for carcinogens (dena led wilh a "C· lIag) (USEPA. Region 9. OClober 2000). 

The chemical is'selected as a CO PC if the maximum detected concentration exceeds the risk-based 

CO PC screening level andlor an ARARfTBC(s). 

Secondary MeL. based on aesthetic water quality (i.e., color, odor. taste, etc.). 

OSSW0201 

OSSW0301 

05SW0401 

OSSWOSOI 

Associated Samples: 

OSSW0201·F 

OSSW0301·F 

055W0401·F 

OSSWOS01·F 

Detection 
Frequency 

"I 

3/4 

4/4 

2/4 

4/4 

I 3/4 

Shaded cells indicate thai the specified criterion or background level has been exceeded or that the chemical has been selected as a CO PC. 

• • 

I 

Range 01 

Nondetects/2
) 

IS 

... 

10 

... 

2000 

Concentration 
Used lor 

Screening!]) 

304 

22800 

20 

230000 

I 52000 

Upgradient 
Risk·Based 

Potential 
Rationale for 

COPC 
Potential 

CO PC Contaminant 
Sample ARARfTBC ARARfTBC Screening Flag Deletion or 

Concentration (4) Value Source 
Level(51 Selection(6) 

.. N I FED·MCL 
NA IDEM 

27900 NA NA FED·MCL No NUT. BKG 
NA IDEM 

NO 1100 N 5000(7) FED·MCL No BSL 
11000 IDEM 

99000 NA NA FED·MCL No NTX 
NA IDEM 

5000 I NA I NA I FED·MCL I No I NTX 
NA IDEM 

Definitions: 

ARAAfTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 

C = Carcinogen. 

cope := Chemical 01 potential concern, 

J = Estimated value. 

N = Noncarcinogen. 

NA = Nol analyzed I nol applicable. 

NO = NOI delecled. 

FED·AL = Federal aclion level (U.S. EPA. 2000). 

FED·MCL = Federal Maximum Conlaminanl Level (U.S. EPA. 2000). 

IDEM: Indiana Departmenl of Environmental Management, Risk Integrated System of 

Closure (RISC) residenlial closure levels lor ground waler (IDEM. July 2001). 

Rationale Codes: 

For Seleclion as a COPC: 

ASL = Above COPC screening leveVARARfTBC. 

For Elimination as a COPC: 

BKG = Wilhin background levels. 

BSL = Below COPC screening lev~VARARITBC. 

NTX = No toxicity information, 

NUT = Essential nutrient. 

CAS = Chemical abstract services . 

• 



• 
Scenario Timeframe: CurrenVFuture 
Medium: Soil 

CAS 
Number 

91·57·6 
56·55·3 
50·32·8 
205·99·2 
191·24·2 
207·08·9 
218·01-9 
53·70·3 
206·44·0 
193·39·5 
91·2()'3 
85·01·8 

Exposure Medium: Sediment 
EXDOsure Point: Sediment 

Chemical 

2·METHYLNAPHTHALENE 
BENlO A ANTHRACENE 
BENlO(A)PYRENE 

IBENlO(G,H,I)PERYLENE 

E=:?;*=:::U,-,O:.;R.::,ANTHENE 
CHRYSENE 
DIBENlO A,H AN~ 
FLUORANTHENE 
INDEN01,2,3·C 
NAPHTHALENE 

~ENE 

129·00·0 PYRENE 
PESTICIDES/PCBs 

Minimum 
Concentration 

(1) 

0.005 
----,::;-

0.024 
0.019 
0.022 
0.025 
0.014 
0.Q18 
0_025 
0.016 
0.Q16 
0.012 
0.Q16 
0.022 
0.034 

I 

• • 
TABLE 5-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
SWMU 5, OLD BURN PIT 

Minimum 
Qualifier 

J 

Maximum 
Concentration 

(1) 

1 
0.008 

0.024 
0.026 

---0:03 
0.045 
0.045 
0.033 
0.039 
0.Q16 
0.055 
0.027 
0.Q16 
0.031 
0.047 

Maximum 
Qualifier 

J 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Location of I Detection 
Units I Maximum Frequency 

t=k' 
m k 
mglkg 

Concentration (1) 

05SD050006 
05SD050006 

1/4 
4'i4 
1~ 

1/4 
3i4 
3i4 
3i4 
3i4 

m k 05SD020006 

314 
3i4 
1i4 
4'i4 
3i4 
1i4 
3i4 
3i4 mglkg 

Range of Nondetects 
(2) 

lO4 ·0.008 

0.004 -0.008 

0.010·0.014 
------o:oi4 

0.014 
0.014 
0.014 
0.014 
0.014 

0,010·0.014 

o:oi4 
.010·0.014 

0.014 
0.014 

Concentration 
Used for 

Screening (3) 

0.008 
-0-.-

.024 
0.026 

J.ii3 
1,045 

0.045 
.033 
.039 
:oi6 
.055 
,027 
:oi6 
:oJt 
M 

u~gradilent I Risk-Based COPC I Potential I Polential I COPC 
amp e I Screening Level ARARfTBC ARARlTBC FI 

mcentrat a (5) V I S ag 
n (4) a ue auree 

NA 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 

NA 
NA 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

4. 
"8.9 
2.8 

2:§ill 
0.62 

0.062 
0:62 
230(8) 

6.2 
62 
0.06: 

230 
'ii:62 
5.6 
-~ 

230 

N 
C 

N 

N 

N 

N 
N 
N 

120 
45 

3200(, 
5 

0:5 
-5-

5500(8) 
50 

500 
o.s 
6300 

-5-

3200 
5500(8) 

5500 

IDEM 
IDEM 

""iDEM 

IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 

""iDEM 
IDEM 
IDEM 
IDEM 

""iDEM 
""iDEM 

NO 
No" 
No" 

No 
No" 
No" 
No" 

No 
No 

No" 
No" 
NO" 
'""NO 
No" 
No" 
No" 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 

BSL 
BSL 

BSL 

BSL 
BSL 
BSL 

BSL 
BSL 

BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 

BSl 

111096·82·5 IAROCLOR.1260 0.17 0.17 Imglkgl 05SD050006 1/4 0.049·0.067 0.17 NA 0.22 C 1.8 IDEM No BSL 
HERBICIDES 

I I, ..... v ...... ," ,.., ...... " ...... , ,''' a..,.. 1 __ 11 __ 1 nl/::C"nl"\AnnnC 1\ I\l\l\n~ 1\ "'''0 70-:;v'" ~EXACHLOROPHENE 

IPENTACHLOROPHENC 
IS 

)031 
0.006 

1/4 
Ii4 

3.0031 
0.006 

~. k. 05SD040006 )0096 ·0.00 
--1-,4-ms:s 

DiOxiNS/F 
~ 
39001-02·0 

67562-39·4 
55673·89·7 
39227-28-6 
70648·26·9 
57653-85·7 
57117·44·9 
i9408-74-3 
72918·21·9 
40321·76·4 
57117·41-6 
60851·34·5 

1.U1~_ 
1746·01·6 
~ 
~ 
37871-00·4 

1,2,3.4,6,7,8,9·0CDD 
1,2,3,4,6,7,8,9-0CDF 

l.4, 
l,4, 
l,4,7,8,9·HPCDF 
l.4,7,8·HXCDD 
lA,7.8·HXCDF 
l,6,7.8·HXCDD 
l,6,7.8-HXCDF 

l.9·HXCDD 
i:9-HxCi5F 

,8-PECDD 
,8·PECDF 
1,8·HXCDF 

'CDC 
2,3,7,8·TCDF-

TAL HPCDC 
TAL HPCD£. 

0.00116 
0.0000022 

)000355 
lO0045 

0.0000016 
)000005 
iOOo032 

0.00000092 
)000014 
iOoOoiS 

0.00000056 
0.00000067 
0.0000016 
0.000001 

----;000-
0.00000026 

)000022 
)000025 

),000084 
.0.000107 

J 
J 

J 

J 
J 

...J.. 

,0061 
.0002< 

...Q.000203 
0.000086' 
0.0000065 
0.000002; 

----o:ooOo2i' 
0.0000072 
0.000008: 
~ 

0.0000014 
0.0000022 
0.0000059 
0.0000107 
0.0000093 

lOOO 
.000007 

3.0000183 
0,000422 

.000107 

J 
J 
J 

J 
J 
J 
J 

J 

J 
J 

rm<iIi«iT 

m k 05SD020006 
m k 

111giJ<9. 

05SD020006 

4'i4 
4'i4 
4'i4 

4/4 
3i4 
:4i4 
4'i4 
4'i4 
4'i4 
4'i4 
3i4 
3i4 
3i4 
4i4 
4i4 

4/4 
4i4 
4i4 
4i4 
1i4 

)0000032 

0.000000 
)0000029 
.000002 

0.00600SS-:-0.000259 

0.003' 
-----:006 

)061 
.000223 
.000203 

0.0000861 
0.0000065 
0.0000027 

).000021 
:OciOii072 

0.0000083 
0.0000077 
0.0000014 
0.0000022 
0,0000059 
0.0000107 
0,0000093 
0.000003. 
~ 

0.0000183 
0.000422 
3.0001'-

NA 
Nil 

NA 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 
Nil 

1.8 N 
-3---

0.039 
0.039 

0.00039 C 
,00039 
.00039 

0.000039 C 
0.000039 

"'ii:iiOOo39 
0.000039 C 
0.000039 
0.000039 

0.0000039 
0.000078 
O.OOOO~ 

0.0000039 
--0:000039 

~ 
NAIC 

NA 
20 

NA 
Nil 

NA 
NA 

Nil 
Nil 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 
Nil 

IDEM No 
IDEM No 

IDEM 
IDEM 

""iDEM 
IDEM 
IDEM 

""iDEM 
""iDEM 

IDEM 
IDEM 
IDEM 

IDEM 
""iDEM 
""iDEM 

IDEM 
-IDEM 

IDEM 
IDEM 
IDEM 
IDEM 
IDEM 

No 
No" 
No" 
...!:!2.. 
...!:!2.. 

No 
No 
No 

No" 
No" 
No" 
No" 
No" 
No" 

No 
No" 

NO 
No 

BSL 
BSL 

BSL 
BSL 

BSL 
BSL 

B: 
B: 
B: 
B: 
B: 
B: 
B: 
BSL 
BSL 

BSL 

B: 
B: 
ED 

NTX 
NTX 

.-: 
J 
.. 1 .,. 
_ .. 
)1: 

'.'!i~~ 
"'; 
" 

". 

:~~ 

i~ 



CAS 
Number 

TABLE 5-18 

OCCURRENCE, DISTRIBUTION, AND SElECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
SWMU 5, OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: Current/Future 
Medium: Soil 
Exposure Medium: Sediment 
EXDOsure Point: Sediment 

PAGE 2 OF 2 

Chemical 
Minimum 

Concentration 
(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units I Maximum Frequency 
Location 0' I Detection 

ALUMINUM 
ANTIMONY 

Foolnoles: 

Concentration (1) 

1 Only the original 01 duplicate sample was used lor cope selection. The duplicate was used for quality control purposes only. 
2 Values presented are sample-specific quanlilalion limits. 

The maximum detected concentration is used fOf screening purposes. 
To determine whether metal concentrations were within background levels, maximum sediment concentrations were 
compared to concentrations in upgradienl sediment sample 05S001. If the concentration in the site sediment 
concentration was less than the upgradient concenlration, Ihal meral was nol selcted as a COPC. 
The lisk·based soil COPC screening level lor residential land use is presented. The value is based on a 
target Hazard Quolient 01 0.1 for noncarcinogens (denoted with a ·N~ flag) or an incremental cancer 
risk of I E·6 for carcinogens (dena led wilh a -C· lIag) (U.S. EPA, Region 9, November 2000). 
The chemical is selected as a CO PC if the maximum detected concentration exceeds the risk-based 
COPC screening level and/or an ARARfTBC(s). 
Naptlthalene is used as a surrogate for 2-mcthylnaphlhalene. 

8 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
9 Hexavalent chromium. 
10 OSWER soil screening level for residenlialland use (U.S. EPA, July 1994) 
II Value is lor mercuric chloride (U.S. EPA, Region 3, Oclober 2001) 

Associatod Sampler 

o5S002<J006 

05S00J0006 

05S1J040006 

05S0050006 

Range of Nondetects 
(2) 

Shaded cells indicate that the specified criterion or background level has been exceeded or thatlhe chemical has been selected as a COPC. 

Concentration 
Used lor 

Screening (3) 

Delinilions: 

Upgradient I Risk.Based 
Sample Potenlial I Potential I COPC 

ARARfTBC ARARfTBC Fl. 
Value Source 9 

ARARfTBC = Applicable or Relevant and Appropriate RequiremenVlo be considered. 
C = Carcinogen. 
COPC = Chemical of potential concem. 
IDEM = Indiana Department 01 Environmental Management, Risk Integrated System of 

Closure (RISe) residenliallevels for direcl conlacl wilh soil (IDEM, July 2001). 
J = Estimated value. 
N = Nocarcinogen: 
NA = NOI applicable/nol available. 
sat = Soil saturation concentration. 

Rationate Codes: 

For Seleclion as a COPC: 
ASL = Above COPC screening leveVARARITBC. 

For Elimination as a COPC' 
BKG = Within background levels. 
BSL = Below CO PC screening leveVARARITBC. 
NTX ; No toxicity information, 
NUT = Essenlial nutrient. 

ASL = Above screening level. 
BSL ;: Below screening level. 
CAS = Chemical abstract services . 

• • • 

Rationale tor 
Contaminant 
Deletion or 

Selection (6) 



'. 
Scenario 

Medium 
Exposure 

Exposure Point 
Timelrame Medium 

CurrenVFuture Surlace Soil( 1) Surface Soil Entire Site 

Air Vapors and Particulates in 
Air - Entire Site 

Groundwater Groundwater/Air Surficial Aquifer 

Surface Water Surface Water On-site Streams. Ponded 
Water and Draingeways 

Air On-site Streams. Ponded 
;(', Water and Draingeways 

Sediment ~ Sediment On· site Streams. Ponded 
Water and Draingeways 

Air Vapors and Particulates in 
Air - Entire Site 

• 
TABLE 5-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Receptor Population 
Receptor Exposure On-Site/ 

ACle Route Off-Site 
Trespassers Adolescent Ingestion On-site 

Dermal On-site 

'Adult Ingestion On-site 

Dermal On-site 

Trespassers Adult and Inhalation On-site 
Adolescent 

Trespassers Adult and Ingestion On-site 
Adolescent 

Dermal On-site 

Inhalation On-site 

Trespassers Adolescent Ingestion On-site 

Dermal On-site 

Adult Ingestion On-site 

Dermal On-site 

... 
I,. '" 

Trespassers Adult and Inhalation On-site 
Adolescent 

Trespassers Adolescent Ingestion On-site 

Dermal On-site 

Adult Ingestion On-site 

Dermal On-site 

Trespassers Adult and Inhalation On-site 
Adolescent 

Type 01 
Analysis 
Quant(2) 

Quant 

None 

None 

Qual(3) 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

• 
Rationale lor Selection or Exclusion 01 Exposure Pathway 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Polential risks are assumed to be similar to adolescent trespassers. Risks lor 
this receptor will be inlerred using the calculated risks for Ihe adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Exposure is evaluated qualitatively by a comparison 01 site data·to U.S. EPA 
generic SSLs(4) for.translers from soil to air. 

Direct contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

Direct contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

". 
Direct contact with groundwater does not occur under current land use_ 
Shallow groundwater is not expected to be used as a domestic water supply. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be similar to adolescent trespassers_ Risks for 
Ihis receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent. 
trespasser . 

Minimal exposure to vapors emitted from surface water is anticipated (Le .• so 
low that it is not worth quantifying). 

Although access to the base is coni rolled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receplor will be inferred using the calculated risks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Minimal exposure is anticipated (Le .. so low that it is not worth quantifying). 
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Scenario 
Medium 

Exposure 
Exposure Point 

Tlmeframe Medium 
Future Surface/ Surface/ Entire Site 

·Subsurface Soil Subsurface Soil 

(5) 
Air Vapors and Particulates in 

Air - Entire Site 
Surface Soil Surface Soil Entire Site 

Air Vapors and Particulates in 
Air - Entire Site 

Groundwater Groundwater Surficial Aquifer 

Air Vapors 

Future Surface Water Surface Water On-site Streams, Ponded 
Water and Draingeways 

• 

TABLE 5-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA. 
PAGE 2 OF 3 

Receptor Population 
Receptor Exposure On-Sitel 

Age Route Off-Site 
Excavation/Construction Adult Ingestion On-site 

Workers 
Dermal On-site 

Excavation/Construction Adult Inhalation On-site 
Workers 

Maintenance Workers Adult Ingestion On-site 

Dermal On-site 

Occupational Workers Adult Ingesti.on On-site 

Dermal On-site 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Maintenance/Occupational . Child and Inhalation On-site 
Workers, Recreational Adult 
Users, and Residents 

Excavation/Construction and Adult Ingestion On-site 
Maintenance Workers 

Workers Dermal On-site 

Occupational Workers Adult Ingestion On-site 

Dermal On-site 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Excavation/Construction/ Adult Inhalation On-site 
Maintenance/Occupational 
Workers and Recreational 

Users 

Residents Child and . Inhalation On-site 
Adult 

Excavation/Construction and Adult Ingestion On-site 
Maintenance Workers 

• 

Type of 
Rationale for Selection or Exclusion of Exposure Pathway 

Analysis 
Quant Excavation/construction activities may occur at the site in the future. 

Quant Excavation/construction activities may occur at the site in the future. 
Qual Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 

generic SSLs for transfers from soil to air. 

Quant Although maintenance activities are not currently performed on the site, 
activities, such as groundkeeping, may occur in the luture. 

Quant Although maintenance activities are not currently performed on the Site, 
activities, such as groundkeeping, may occur in the future. 

None Because 01 the nature of the Site 5. the site is not likely to be developed for 
! 

None 
occupational use in the future. I 

Because of the nature 01 the Site 5, the site is' not likely to be developed for I 

occupational use in the future. 
Quant This scenario is evaluated on the assumption that the Facility would close 

I and be turned into a state park in the future. 
Quant This scenario is evaluated on the assumption that the Facility would close 

and be turned into a state park in the future. 
Quant Although the scenario is unlikely, a residential scenario is included to aid in 

future risk management decisions. 

Quant Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions . 

, Qual Exposure is evaluated qualitatively by a comparison of site data to USEPA 
generiC SSLs for transfers Irom soil to air. 

None Minimal exposure is antiCipated (i.e., so low that it is not worth quantifying). 

Quant Excavation/construction activities may occur at the site and workers may be 
exposed by direct contact with groundwater. 

None Because 01 the nature of the Site 4. the site is not likely to be developed for 
occupational use in the future. 

None Because of the nature of the Site 4, the site is not likely to be developed for 
occupational use in the future. 

None Direct contact with groundwater is not expected to occur for future 
recreational users. , 

None Direct contact with groundwater is not expected to occur for future 
recreational users. 

Quant Although it is unlikely that shallow groundwater at the site would be used as a 
domestic water supply. This scenario is included to aid in future risk 
management decisions. 

Quant Although it is unlikely that shallow g(oundwater at the site would be used as a 
domestic water supply. This scenario is included to aid in future risk 
management decisions. 

None Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Quant Although it is unlikely that shallow groundwater at the site would be used as a 
domestic water supply. This scenario is included to aid in future risk 
management decisions. 

None Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

• 



• 
Scenario 

Medium 
Exposure 

Exposure Point 
Timeframe Medium 

Air On-site Streams, Ponded 
Water and Draingeways 

Sediment Sediment On-site Streams, Ponded 
Water and Draingeways 

, 

Air On-sile Streams, Ponded 
Waler and Draingeways 

-

Footnotes: 

• 
TABLE 5-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Receptor Population 
Receptor Exposure On-Site/ 

Age Route Off-Site 
Workers Dermal On-site 

Occupational Workers Adult Ingestion On-site 

Dermal On-site 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Excavation/Constuction/ Child and Inhalation On-site 
Maintenance/Occupational Adult 

Workers, Recreational 
Users, and Residents 

Excavation/Construction and Adult Ingestion On-site 
Maintenance Workers 

Workers Dermal On-site 

Occupational Workers Adult Ingestion On-site 

Dermal On-site 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residenls •. Adult a~d Ingestion On-site 
Child 

Dermal On-sile 

Excavation/Constuctionl Child and Inhalation On-site 

Maintenance/Occupational Adult 
Workers, Recreational 
Users, and Residents 

t Surface soil is defined as soil collected from 0 to 2 feet below ground surface (bgs). 

2 Quantitative. 
3 Qualitative. 
4 Soil Screening Levels (U.S. EPA, May 1996). 
5 Surface/subsurface soil is defined as soil collected from 0 to to feet bgs; no exposure to soil at depths below 10 feet bgs is anticipated, 

Type of 
Analysis 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

None 

None 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

None 

• 
Rationale for Selection or Exclusion of Exposure Pathway 

Minimal exposure is anticipated (i.e., so low that it is not worth quantifying). 

Because of the nature of the Site 4, the site is not likely to be developed lor 
occupational use in the future. 
Because 01 the nalure of the Site 4, the site is not likely to be developed lor 
occupational use in the luture, 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the luture. 
This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 
Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 
Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 
Minimal exposure to vapors emitted Irom surface water is anticipated (i.e., so 
low that it is not worth quantilying). 

Minimal exposure is anticipated (i.e., so low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e., so low that it is not worth quantifying). 

Because of the nature of the Site 4, the site is not likely to be developed for 
occupational use in the future. 
Because of the nature of the Site 4, the site is not likely to be developed'for 
occupational use in the future. 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future, 

This scenario is evaluated on the assumption that the Facilily would close 
and be turned into a state park in the future. 
Although Ihe scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 

Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 
Minimal exposure to vapors emitted from surtace water is anticipated (Le., so 
low that it is not worth quantifying). 
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TABLE 5-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Exposure Point Concentration 

Chemical of Potential Concern Surface Soil(1) 
Surface! 

Surface Wat~r(1). 
Subsurface Soil(2) 

(mg/kg) (mg/kg) (mg/L) 

1.1-DICHLOROETHENE 0.013 0.0029 0.002 

BENZENE 0.005 0.0039 NA 

CIS-l.2-DICHLOROETHENE 2.8 2.18 0.29 

CHLOROFORM NA(4) NA NA 

METHYLENE CHLORIDE 0.004 0.0069 NA 

TETRACHLOROETHENE 0.007 0.0025 NA 

TRICHLOROETHENE 5.1 5.1(3) 0.12 

VINYL CHLORIDE 0.005 0.067 0.085 

2-METHYLNAPHTHALENE NA 2.09 NA 

BENZO(A)ANTHRACENE 0.95 0.95(3) NA 

BENZO(A)PYRENE 0.82 .. 0.82(3) NA 

BENZO(B)FLUORANTHENE 0.79 0.96(3) NA 

DIBENZO(A.H)ANTHRACENE 0.18 0.18(3) NA 

NAPHTHALENE NA 1.2(3) NA 

BIS(2-ETHYLHEXYL)PHTHALATE NA NA NA 

DIELDRIN NA 0.0055 NA 

AROCLOR-1254 0.24 0.44 NA 

AROCLOR-1260 NA 0.13 NA 

PENTACHLOROPHENOL 0.012 0.0099 NA 

2.3.7.8-TCDD TEO 2.26E-04 0.00046(3) NA 

ALUMINUM NA NA 0.204 

ANTIMONY 301 . 301(3) NA 

ARSENIC NA 10.5 0.00064 

BARIUM 2020 1620 NA 

CADMIUM 31.1 31.1(3) NA 

CHROMIUM 112 65.2 NA 

COPPER 1520 6370(3) NA 

IRON 105000 46300 1.52 

LEAD 2275(5) 1710(5) NA 

MANGANESE NA 676 0.315 

MERCURY 0.43 12.5 NA 

NICKEL NA 30.3 NA 

SILVER 7.5 7.2 NA 

ZINC 5110 5110 NA 

·1 Because of the limited number of samples (i.e .• less than 10 samples). the exposure concentration 
is set at the maximum detected concentration. 

2 The exposure concentration is the 95% upper confidence limit (UCL) based on distribution of the 
data set (best fit of normal or lognormal). unless otherwise noted. 

3 Maximum detected concentration is used because the UCL exceeeds the maximum. 
4 NA - Not applicable. Chemical is not a chemical of potential concern for this medium. 
5 Average concentration. 

Sediment(1) 

(mg/kg) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.83E-05 

7660 

5.8 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

812 

NA 

NA 

NA 

NA 

• 
Groundwater(2) 

(mg/L) 

NA 

NA 

NA 

0.000263 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.01 

NA 

NA 

NA • NA 

8.12E-09 

0.379 

NA 

0.00093 

NA 

NA 

NA 

NA 

3.1 

NA 
2.27(3) 

NA 

NA 

NA 

NA 

• 



• 

Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from -
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

• 
TABLE 5-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 5 - QLD BURN PIT 

Construction 
Worker 

NA 

1.7E-01 

NA 

NA 

NA· 

3.5E+OO 

6.8E-02 

NA 

NA 

NA 

NA 

3.7E+OO 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Maintenance 
Worker 

NA 

NA 

NA 

1.1 E-01 

2.6E-03 

NA 

NA 

NA 

NA 

NA ... ..:, 

-NA 

1.1 E-01 

Adult 
Recreational User 

.NA 

NA 

NA 

2.3E-01 

3.4E-03 . 

NA 

NA 

3.9E-02 

8.1E-02 

" . 6.9E-03 

NA 

3.6E-01 

NA 

NA 

NA 

1.9E-01 

5.3E-03 

NA 

NA 

6.3E-03 

2.8E-02 

5.6E-03 

NA 

2.3E-01 

Future Adult 
Resident. 

2.8E+OO 

3.6E-01 

2.2E-02 

1.5E+OO 

2.3E-02 

NA 

NA 

2.6E-01 

5.4E-01 

4.6E-02 

NA 

5.6E+OO 

Future Child 
Resident 

1.OE+01 

1.1E+OO 

1.OE-01 

1.4E+01 

1.1E-01 

NA 

NA 

2.4E-01 

5.6E-01 

4.3E-01 

NA 

2.7E+01 
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• 

INCREMENTAL CANCER RISK 

Exposure Route 

InQestion of Groundwater 
Dermal Contact with ,. 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

NOTES 

TABLE 5-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 5 ~ OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Construction Maintenance Adult Adolescent 
Worker Worker Recreational User Trespasser 

NA NA NA NA 

2.7E-06 NA NA NA 

NA NA NA NA 

NA 1.4E-06 3.SE-06 1.1 E-06 

NA 4.9E-07 7.SE-07 4.4E-07 

3.SE-06 NA NA NA 

S.6E-07 NA NA NA 

NA NA 2.3E-OS ·1.4E-06 

NA NA 2.7E-OS 3.4E-06 

NA NA 2.4E-07 7.2E-OS 

NA NA 6.SE-07 1.6E-OS 

7.1E-06 1.9E-06 5.5E-05 6.4E-06 

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G·3. 

-,.. 

• 

Future Adult Future Child 
Resident Resident 
2.6E-OS 2.3E-OS 

2.SE-04 1.4E-04 

S.2E-OS 6.0E-OS 

2.0E-OS 4.7E-OS 

4.2E-06 4.SE-06 

NA NA 

NA NA 

1.2E-04 2.9E-OS 

1.4E-04 3.7E-OS 

1.3E-06 3.0E-06 

1.6E-07 , 1.SE-07 

5.7E-04 2.9E-04 
------

• 



• 

Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

• 
TABLE 5-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 5 - OLD BURN PIT 

Construction 
Worker 

NA 

1.1E-Ol 

NA 

NA 

NA 

1.7E+OO 

1.9E-02 

NA 

NA 

NA 

NA 

1.9E+OO 
-

NSWC CRANE, CRANE, INDIANA 

Maintenance 
Worker 

NA 

NA 

NA 

2.7E-02 

1.3E-04 

NA 

NA 

NA 

NA 

NA 

NA 

2.7E-02 

PAGE 1 OF 2 

< 

Adult 
Recreational User 

NA 

NA 

NA 

5.7E-02 

2.1E-04 

NA 

NA 

9.7E-03 

2.3E-02 

1.7E-03 

NA 

9.2E-02 

NA 

NA 

NA 

4.7E-02 

4.3E-04 

NA 

NA 

1.6E-03 

6.3E-03 

1.4E-03 

NA 

5.7E-02 

Future Adult 
Resident 

2.0E+OO 

1.6E-Ol 

8.0E-03 

7.7E-Ol 

2.9E-03 

NA 

NA 

8.8E-02 

2.0E-Ol 

1.5E-02 

NA 

3.2E+OO 

Future Child 
Resident 

4.4E+OO 

3.6E-Ol 

3.7E-02 

4.8E+OO 

1.2E-02 

NA 

NA 

8.2E-02 

1.8E-Ol 

l.4E-Ol 

NA , 

1.0E+01 
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• 

INCREMENTAL CANCER RISK 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

NOTES 

TABLE 5-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

Construction Maintenance Adult Adolescent 
Worker Worker Recreational User . Trespasser 

NA NA NA NA 

2.0E-06 NA NA NA 

NA NA NA NA 

NA 1.3E-07 2.8E-07 2.8E-07 

NA 8.8E-09 1.4E-08 3.SE-08 

1.9E-06 NA .. NA NA . 
.. 

1.6E-07 NA NA NA 

NA NA 1.7E~06 3.4E-07 

NA NA 2.2E-06 7.6E-07 

NA NA 1.8E-08 1.8E-08 

NA NA 2.0E-08 1.3E-09 

4.1E-06 1.4E-07 4.3E-06 1.4E-06 

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3 . 

• 

Future Adult Future Child 
Resident Resident 
S.3E-06 3.3E-06 

4.9E-OS 2.7E-OS 

S.6E-09 7.SE-09 

2.9E-06 S.3E-06 

1.SE-07 1.9E-07 

NA NA 

NA NA 

1.2E-OS 3.2E-06 

1.6E-OS 4.0E-06 

1.3E-07 3.4E-07 

3.8E-09 7.0E-09 

S.5E-05 4.4E-05 

• 



• 

Chemical of Concern(1) 

GROUND WATER 

Diox(ns/Furans 

Bis(2-ethylhexyl)phthalate 

Arsenic 

Manganese 

SURFACE WATER 
1,1-Dichloroethene 

cis-l,2-Dichloroethene 

... 
Trichloroethene 

" 

Vinyl Chloride 

SURFACE SOIL 

Dioxins/Furans 

Polyaromatic 
hydrocarbons 

• • 
TABLE 5-23 

SUMMARY OF CONCLUSIONS 
SWMU 5 - OLD BURN PIT 

HUMAN HEALTH RISK ASSESSMENT 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 2 

Impact on Human Receptors Comments 

Risks from dioxins in ground water are based on the hypothetical future residential use. 

Construction Worker ILCR = 2.7E-6, 
but do not pose a risk under current and industrial and use. Dioxins were detected in 10 

Residential ILCR "' 4.1 E -4 
of 14 ground water samples indicating that ground water has been impacted by site 
activities. Concentrations of dioxins (as TEQs) in all samples were less than the MCL 

- for 2,3,7,B-TCDD. 

Residential ILCR = 6.0E-6 
Bis(2-ethylhexyl)phthate was detected in 1 of 14 samples and is a common laboratory 
contaminant. Estimated risks are based on future residential use of ground water. 

Risks for arsenic are based on the hypothetical future residential use of ground water. 

Residential ILCR = 2.5E-5 . The maximum concentration in ground water (1.6 mglL) is less than the current (50 
mglL) and recently proposed (10 mglL) MCLs. In addition, the concentrations of arsenic 
in ground water samples are similar to the concentrations in the u'pgradient well. 

Adult resident HO = 2.9, Risks for manganese are based on the hypothetical future residential use of ground 
Child resident HO = 10 water. 

Residential ILCR = 5.0E-6 
Adult resident HO = 0.21; Risks from chlorinated volatiles (especially, vinyl chloride) in surface water are based on 
Child resident HO = 0.21 
Adult resident HO = 0.21; 

the hypothetical future land use but do not pose a risk under current or industrial land 
use. The risks are overestimated based on potential residential exposure to surface 

Child resident HO = 0.21, water which assumes that future residents are assumed to be exposed to surface water 
Residential ILCR = 5.BE-6 350 days/year. Vinyl chloride was detected in 2 of 4 samples which ~ppear to be 
Adult resident HO = 0.17, hydraulically connected. -
Child resident HO = 0.16, 
Residential ILCR - 3.2E-4 

Dioxins were detected in B of B soil samples. Elevated risks (across all pathways) for 
Maintenance Worker ILCR = 1.4E-6, dioxins are based on the hypothetical future residential la'nd use. Risks calculated for 
Recreational User ILCR = 3.3E-6, receptors under current and industrial land use are within the EPA's target risk range. 
Trespasser ILCR = 1.1 E-6, Concentrations of dioxins/furans (as TEQs) in all surfce soil samples were less than the 
ResidentiallLCR = 5.7E-5 

1 ~glkg preliminary remediation goal established by the U.S. EPA. 

Risks calculated for receptors under current land use are within the EPA's target risk 
ResidentiallLCR = 1.BE-5 range. Total risks from PAHs in soil are less than 1.0E-4 for all receptors. 

-
Concentrations of PAHs inJloil~e w~hin levels occurring in soil inJhe U.S. 

- -

, 

.~, 
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~~~ 

.~ 

~ 
~ .... 



• 

Chemical of Concern(1) 

Antimo.ny 

Iron 

Lead 

TABLE 5-23 

SUMMARY OF CONCLUSIONS 
SWMU 5 - OLD BURN PIT 

HUMAN HEALTH RISK ASSESSMENT 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF2 

Impact on Human Receptors Comments 

Adult resident HQ = 1.0, Risks for antimo.ny are based o.n the hYPo.thetical future residential land use based o.n 
Child resident HQ = 9.6 the co.ncentratio.n in o.ne So.il sample. The sample may represent a "ho.tsPo.t' at the site. 

Adult resident HQ = 0.24, 
Risks fo.r iron are based o.n the hYPo.thetical future residential land use but do. no.t Po.se a 

Child resident HQ = 2.2 
risk under current land use. Risks calculated fo.r iron are no.t based o.n adverse health 
effects but rather o.n reco.mmended dailv allo.wances. 

Future Residents - Predicted blo.o.d lead levels in Risks fo.r lead are based o.n the hYPo.thetical future residential land use driven by the 
children greater than U.S. EPA reco.mmemded co.ncentratio.n in o.ne surface So.iI sample. The sample may represent a "ho.tsPo.t" at the 
levels site. 

SURFACE/SUBSURFACE SOIL. 

To.tallifetime cancer risk fo.r future co.nstructio.n workers across all eXPo.sure pathways is 

Dio.xins/Furans Co.nstructio.n Wo.rker ILCR = 2.7E-6 
within the U.S. EPA's target risk range (1.0E-6 to. 1.0E-4). Co.ncentratio.ns o.f 
dio.xinslfurans (as TEQs) in all surface/subsurface soil samples "Yere less than the 1 
Ilglkg preliminary remediatio.n go.al established by the U.S. EPA. 

Antimo.ny Co.nstructio.n Wo.rker HQ = 2.1 
Risks for the co.nstructio.n Wo.krer are based o.n the co.ncentratio.n in o.ne surface So.il 
sample. The sample may represent a 'ho.tsPo.t" at the site. 

Co.nstructio.n Wo.rker - Mo.re than 5 % o.f the Risks to. the future co.nstructio.n wo.rker are based o.n the average co.ncentratio.n in So.il 
Lead fetuses bo.rn to co.nstructio.n wo.rkers predicted to. samples (> 1,000 mg/kg). Lead co.ncentratio.ns in appro.ximately 1/2 o.f subsurface So.il 

have blo.o.d lead levels areater than 10 uq/dL samples were Qreater than 1,000 mglkg. 

HQ Hazard Quo.tient. 
ILCR Incremental Lifetime Cancer Risk 
1 Any carcino.genic chemical with a ILCR greater than 1.0E-6 o.r a no.ncarcino.genic 

chemical co.ntributing to. target o.rgan hazard indices (HI) greater than 1.0 . 

• • 
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Chemical 

Frequency I Minimum 
of Detection Concentration 

(I) I'} 

• 
TABLE 5-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Maximum 
Concentration 

(1)(2) 

PAGE 1 OF 2 

Location ot 
Maximum 

Concentration 

Average 01 
All Results 

0.000003 

Site Above 
Background 

Concentration? 

Surface Soil 
CO PC 

Screening 
Level lJ) 

Ecological 
Effects 

Quotient (4' 

COPC 

Flag"} 

No 

Rationale for 
Contaminant 
Deletion or 

SelectionCS
) 

BSL 

• 

{~ 

:i 
.~ 
1 

.. ,~ 
" .... ' .... 

J~·h~, 

.. ~A 
:~ ., 

'j 
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ALT 
COPPER 
IRON 
LEAD 

Chemical 

CATION EXCHANGE CAPACITY (MEO/l) 
PH (5.U.) 
TOTAL ORGANIC CARBON (m 

Frequency I Minimum 
of Detection Concentration 

"' "' 

111 13 J 
111 5.1 J 
111 1700 

TABLE 5·24 

ECOLOGICAL RISK SCREENING· SURFACE SOIL 
SWMU 5 • OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maximum 
Concentration 

(1)(2) 

13 J 
5.1 J 

1700 

Location of 
Maximum 

Concentration 

055B040002 
055B040002 
055B040002 

Site Above 
Average of I" Background 
All Re.sults Concentration? 

Shaded name indicates that constituent was selected as a cope. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
The table only includes parameters Ihat were delected in downgradienl samples (il applicable). 
Footnotes: 
1 Only Ihe original 01 duplicale sample was used lor COPC seleclion. The duplicale was used lor qualify conlrol purposes only. 
2 The maximum detected concentration was used for screening purposes. 
3 As presented in Table 3·14. 

Refer 10 5eclion 3.4 lor ecological elfecls quotient calculalion. 

Definitions: 
CO PC = Chemical 01 potenlial concern. 
NA = Nol available. 

Associated Samples: 
055BO 1 0002 
055B010l02 
05SB020002 
05SB020102 
055B030002 
05SB030102 
055B040002 
055B040102 

055B050002 
0558050102 
05S8060002 
055B060102 
055B070002 
055B070102 
05SB080002 
05SB080102 

• 

Surface Soil 
COPC 

Screening 

Level P) 

Ecological 
EHects 

Quotient (4) 

COPC 

Flag'" 

5 Ralionale Codes: 
For Seleclion as a COPC: 

Ralionale for 
Contaminant 
Deletion or 

Selection lSI 

A5L = Above COPC screening level. 
NTX = No toxicity inlormation available. 

For Elimination as a COPC: 
BKG = Below sife background levets. 
BSL = Below COPC screening level. 
NT = Nontoxic. 

• 



• 
Minimum 

Chemical 

• 
TABLE 5-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

M " Location of I I Upgradient 
aXlmum Maximum Average of Sample 

Concentration 11)1
2)1 C t t" All Results C t t" 13) oncen ra Ion oncen ra Ion 

J 05S0040006 
J 05S0050006 

COPC 
Ecological 

Effects 
COPC 
Flag 16) 

• 
Contaminant 
Deletion or 

.;. 

1 
1 . 

j~ 
'.~~~ 

.~ 
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VANADIUM 
ZINC 

Chemical 

Miscellaneous Parameters 
TOTAL ORGANIC CARBON 

Frequency 
of 

Detection 
(1) 

Minimum 
Concentration 

(1) 

TABLE 5-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Location of 
Maximum Average of 

Maximum 

Upgradient 
Sample 

Concentration (1){2) All Results 
Concentration Concentration (3

) 

05SD040006 

Sediment 
Ecological 

Rationale for 
COPC CO PC Contaminant 

Effects 
Screening Flag (6) Deletion or 

Quotient (5) 
Level(') Selection(") 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
The table only includes parameters that were detected in downgradient samples (if applicable). 
Footnotes: 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used for quality control purposes only. 
2 The maximum detected concentration was used for screening purposes. 
3 Location of upgradient sample was 05SD010006 
4 As presented in Table 3-14. 
5 Refer to Section 3.4 for ecological effects quotient calculation. 

Definitions: 
cope = Chemical of Potential Concern 
NA = Not Available 

• 

6 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX = No toxicity information available. 

For Elimination as a COPC: 
BKG = Below site background level. . 
BSL = Below CO PC screening level. 
NT = Nontoxic . 

• 



• 

", 

•• TABLE 5-26 

ECOLOGICAL RISK SCREENING - SURFACE WATER 
. SWMU 5 - OLD BURN PIT 

Chemical 

ANS-1 ,2-DICHL 
TRICHLOROETHENE 
VINYL CHLORIDE 
Semi-Volatile OrQanics (uQ/L 
................. , .. , ...... ,._ .... , ... _ ...... 
Inorganlcs ugIL) 

ANTIMONY 
ARSENIC 
BARIUM 
CALCIUM 
COPPER -. 
MAGNESIUM 

SODIUM 
ZINC 
Filtered Inorganics ugIL 
ANnMONY' 
ARSENIC 
BARIUM 
CALCIUM 
COPPER -. 
MAGNESIUM 

SODIUM 
ZINC 
Mlcellaneous Parameters ugiL . 
HARDNESS 
TOTAL SUSPENDED SOLIDS 

Frequency I' Minimum 
etectlon Concentration 
,(I) (I) 

1/4 

1/4 204 J 
114 1.3 
4/4 0.34 
4/4 68.3 J 
414 7S70 
214 2.4 
4/4 337 J 
314 9880 J 
314 10S 
4/4 9330 
214 19.5 

114 1.3 
4/4 0.29 
414 66.1 J 
414 7920 
114 2.1 
414 209 J 
414 S140 J 
314 85.8 
414 91S0 
214 16.9 

414 38000 
3/4 2000 

Maximum 
Concentration 

(1)(2) 

204 J 
1.3 

0.64 
164 J 

72600 
2.7 

1S20 J 
11900 J 

315 
22800 

19.9 

1.3 
0.56 
174J 

.74900 
2.1 

594 J 
12500 J 

304 
22800 

20' 

230000 
52000 

NSWC CRANE, CRANE, INDIANA 

Location of Maximum 
Concentration 

OSSW0201 

. OSSW0401 
OSSWOS01 
OSSW0401 
OSSWOS01 
OSSWOS01 
OSSW0201 
OSSW0401 
OSSW0301 
OSSW0301 
OSSW0401 
OSSW0301 

OSSWOS01-F 
OSSW0401-F 
OSSWOS01,F' 
OSSWOS01-F 
OSSWOS01-F 
OSSW0401-F 
OSSW0301-F 

. OSSW0301-F 
OSSW0401-F 
OSSW0301-F 

OSSWOS01 
OSSW0201 

Average of 
All Results 

1.3 

.126 
0.70 
0.48 
104 

34518 
1.8 
769 
8920 
166 . 

13508 
12.4 

0.70 
0.41 
98.7 

36255 
1.3 
416 

10085 
156 

13095 
.11.7 

124500 
17500 

Upgradlent 
Sample 

Concentratlon{') 

2 

200 U 
1.0 U 
O.SS 

67.7 J 
29200 
2.0 U 
264 J 

6490 J 
41.4 

30700 
10.0 U 

1.0 U 
0.51 

68.0 J 
29500 
2.0 U 
103 J 

6960 J 
·33.9 
27900 
10.0 U 

99000 
SOOO 

Shaded name indicates that constituent .was selected as a COPC. Shaded values Indicate that the site concentration(s) exceeds this particular crlterlon. 
The table only includes parameters that were detected in dowilgradlent samples (If applicable). 
~ " .. 
1 Only the orlginal of duplicate sample was used 'for COPC selection. The duplicate was used for quality control purposes only. 
2 The maidmum detected concentration was used for screening purposes. 
3 Location of upgradient sample Was OSSW01 01 
4 As presented In Table 3-15. . 
5 Refer to Section 3.4 for ecologlcal'eifects quotient calculation. 

~ 
COPC = Chemical of potential concem. 

. NA = Not available. 

Associated Samples' 
OSSW0101 
OSSW0101-F 
OSSW0201 . 
OSSW0201-F 
OSSW0301 

OSSW0301-F 
OSSW0401 
OSSW0401-F 
OSSWOS01 
OSSWOS01-F 

Surface 

2.1 

NA 
31 
S3 

SOOO 
NA 
S 

NA 
NA 
NA 
NA 

. 58.9. 

31 
53 

5000 
NA 
5 

NA 
NA 
NA 
NA 

S8.9 

NA 
NA 

09S 

NA 
0.04 
0,01 
0.04 
NA 

0.S4 
NA 
NA 
NA 
NA 

0.34 

0.04 
0,01 
0.Q3 . 
NA 

0.42 
NA 

'NA 
NA 
NA 

0.34 

NA 
·.NA 

COPC 
Flag (.) 

No . 

~ 
No 
No 
No 
No 
No 
~ 

No 

~ 
No 
No 

No 
No 
No 
No 
No 
~ 

No 

~ 
No 
No 

No 
No 

6 Rationale Codes' 
For Selection as a COPC: 

Rationale for 
Contaminant 
Deletion or 

Selectlon{') 

BSL 

NTX 
BSL 
BSL 
BSL 
NT 
BSL 
NTX' 
NT 
NTX 

NT BKG 
BSL 

BSL 
BSL 
BSL 
NT 

BSL 
NTX 
NT 

NTX 
NT BKG 

BSL 

" . NT 
NT 

ASL = Above COPC screening level, 
NTX = No toxicity Information available. 

For Elimination as a COPC: 
BKG c'Selow site background level. 
BSL = Below COPC scieening level. 
NT = Nontoxic .. 

• 
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TABLE 5-27 

CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 5 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA' 

Parametf;!rs 
Media 

Surface Water Sediment Surface Soil 
Dioxins 
1,2,3,4,6,7,8,9-0CDD X X 
1,2,3,4,6,7,8,9-0CDF X X 
1,2,3,4,6,7,8-HPCDD X X 
1,2,3,4,6, 7,8-HPCDF. X· . X 
1,2,3,4,7,8,9-HPCDF X X 
1,2,3,4,7,8-HXCDD X 
1,2,3,4,7,8-HXCDF X X 
1,2,3,6,7;8-HXCDD X X 
1 ,2,3,6,7,8~HXCDF X X 
1,2,3,7,8,9-HXCDD X ·X 
1,2,3,7,8,9-HXCDF X 
1,2,3,7,8-PECDD X 
1,2,3,7,8-PECDF X X 
2,3,4,6,7,8-HXCDF X X 
2,3,4,7,8-PECDF . X X 

. 2,3,7,8-TCDD X X 
2,3,7,8-TCDF. X X 
TOTALPECDD 
TOTALHPCDD· X X 
TOTAL HPCDF X X 

. TOTAL HXCDD X 
'TOTAL HXCDF X 
TOTALTCDD. X 
TOTAL TCDF X . 
Semi-Volatiles 
I Dibenzo(a,h)anthracene X 
PCBs 
I Aroclor-1260 

norganlcs 
. Cadmium X X 
. Chromium X 
Copper X X 
Lead X X 
Mercury X 

. Silver X 
Zinc X X 

COPCs retained in surface water and sediment were used to evaluate potential risk' .. 
to piscivorous receptors: ' ' 

. COPCs retained in surface soil were used to evaluate potential risk to terrestrial wildlife . 

" 

f' 
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-
Frequency 

Chemical of Potential Concem (COPC) 
of Detection 

Dioxins 
1,2,3,4,6,7,8,9-0CDD 8/8 : 
1,2,3,4,6,7,8,9-0CDF 7/8 
1,2,3,4,6,7,8-HPCDD 8/8 
1,2,3,4,6;7,8-HPCDF 7/8 
1,2,3,4,7,8,9-HPCDF' 6/8 
1,2,3,4,7,8-HXCDD 5/8 
1,2,3,4,7,8-HXCDF 7/8 
1,2,3,6,7,8-HXCDD 7/8 
1,2,3,6,7,8-HXCDF 8/8 
1,2,3,7,8,9-HXCDD 8/8 
1,2,3,7,8-PECDD 5/8 
1,2,3,7,8-PECDF 4/8 
2,3,4,6,7,8-HXCDF 7/8 
2,3,4,7,8-PECDF· 7/8 
2,3,7,8-TCDD . 5/8 
2,3,7,8-TCDF 7/8 
TOTAL HPCDD 8/8 
TOTAL HPCDF 6/8 
TOTAL HXCDD 5/8 
TOTAL HXCDF - 1/8 
TOTAL TCDD 218 
TOTAL TCDF 1/8 
Volatiles 
I CIS-1 ,2-DICHLOROETHENE 218 .. 

-
-

Semivolatiles 
BIS(2.-ETHYLHEXYL)PHTHALATE 218 .. 

NAPHTHALENE 5/8 
Inorganics 
ANTIMONY 7/8 ~-

BARIUM 8/8 . 

Ll,;ADMILM 6/8 
CHROMIUM 8/8 -: 

COPPER 8/8 .. 
IRON 8/8 . 

; 

-' 
," 

/./' \ 

Maximum 
Detected Screening Level 

Concentration (mg/kg) . 
(mg/kg) 

0.00505 0.0000002 
0.000313 0.0000386 
0.000359 0.0000002 
0.000541 0.0000386 

0.0000575 0.0000386 
0.0000217 0.0000002 
0.000361 0.0000386 
0.000053 0.0000002 
0.000128 0.0000386 

0.0000691 0.0000002 
0.0000221 0.0000002 
0.000105 0.0000386 
0.000146 .0.0000386 
0.000143 0.0000386 

0.0000061 0.0000002' 
0.000325 0.0000386 
0.000803 0.0000002 
0.000792 0.0000386 
0.00089 0.0000002 

0.0000254 0.0000002 
0.000404 0.0000002 

0.0000524 0.0000386· . 

2.8 0.78373 

-

3.4 0.93 

0.1 0.099 

301 0.1423 

2,020 1.04 

31.1 0.00222 
112 0.4 

,- 1,520 2.96 
105,000 NA 

TABLE 5-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES - SURFACE SOIL COPCs 
SWMU 5 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Step 3a Evaluation 
Number of Altemate Benchmarks J 

Maximum Samples> ORNL 1 EEO(1) Screening Eco-SSL Canadian Benchmarks(3) 
Level(2) 

Plan1 Earthworm 
SOG(3) 

Plan1 Earthworm Other Step 3a Factors Considered in Evaluation(4.5) 

25377 8 . NA NA NA NA NA - A study in the literature found that two species of earthworms showed no 
8.11 4 NA NA NA NA NA adverse effects fromsoil containing 5 mg/kg of 2,3,7,8-TCDD. 
1804 8 NA NA NA NA NA - Dioxins are not harmful to invertebrates at "high" levels because they lack· 
14.0 4 NA NA NA NA NA the aryl hydrocarbon (Ah) receptor; invertebrates are not likely to be. impacted 
1.49 1 NA NA NA NA NA by dioxin concentrations in the soil. 
109 5 NA NA NA NA NA - Plants' also lack the Ah receptors so they are not likely to be impacted by the 
9.35 3 NA NA NA NA NA concentrations of dioxins In the soil. 
266 ·7 NA NA NA NA NA 
3.32 1 NA NA NA NA NA . 
347 8 NA NA NA NA NA -
111 5 NA NA NA NA NA 
2.72 1 NA NA NA NA NA 
3.78 1 NA NA NA NA NA -
3.70 1 NA NA NA NA NA .' 

30.7 5 NA NA NA NA NA 
8.42 2 NA NA NA NA NA 
4035 8 NA NA NA NA NA .. 

20.5 4 NA NA NA NA NA ',' 
4472 5 NA NA NA NA NA 
128 1 NA NA NA NA NA ., 

2030 2 NA NA NA NA NA 
1.36 1 NA NA NA NA NA 

3.57 1 NA NA NA NA NA - VOCs are generally not detected in surface soil because they are vo!atile. 
- The samples were collected in winter, when volatilization is low. 
- Few receptors are active in winter; VOCs are not expected to be detected 
in the surface soil in ihe warmer months when receptors are present. .-

3.67 1 NA NA NA 100 NA - The maximum detected concentration is less than the.ORNl plant value. 
- Maximum concentration less than earthworm values reported for 
dimethyl phthalate (200 m·g/kg). 

1.01 1 NA NA 0.6(4) NA NA - The maximum detection is less than the Canadian SaG. 

2115 7 NA 78 NA 5 NA - Only the maximum detected concentration is greater than the Eco-SSL for 
invertebrates. 

- Several detected concentrations are greater than the ORNL plant benchmark; 
however, the site is heavily vegetated. 

1942 8 NA 330 NA 500 NA - Several detections are greater than the Eco-SSL for soil invertebrates. 
- Several detected concentrations are greater than the ORNL plant benchmark. 

14009 6 32 140 NA NA NA - The maximum detection IS less than the t:CO-:;:;LS lor plall[s an lOve eorares. 
280 8 NA NA 64 NA NA - The maximum detected concentration is less than the NOECs reported for 

invertebrates indicating theY'are not likely being adversely impacted from 
chromium in soil. 

- Qnly the maximum detected concentration is greater than the SaG, which is 
based on effects to plants. -

514 8 NA. NA 63 100 60 - Several detected concentrations were greater than the Canadian SaG. 

NA NA NA NA NA NA 200(5) . - Iron'is not expected to be toxic.to plants in well aerated soils with pH levels 
between 5 and 8 S.U.; the soil pH at the site is likely within that range. 

- Iron is generally considered a non-toxic metal in soil. .. 

Risk Determination 
Retained as 

(Acceptablel 
aCOPC? 

Unacceptable) 

-

Acceptable No 

-

Acceptable No I 

-- J 

Acceptable No 

I 

Acceptable No 

Unacceptable Yes 

Unacceptable Yes 

Acce taDie No 
Acceptable Yes 

(for invertebrates) 

Unacceptable 
Jlor plants) 
Unacceptable Yes 

Acceptable . No 

DECEMBER 2004 
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-. Maximum 
Frequency Detected Screening Level 

Chemical of Potential Concern (C()PC) of Detection Concentration (mglkg) 
(mglkg) 

LEAD 8/8 .... 16,900 0.05373 

MERCURY 8/8 0.43 0.073 

SILVER 3/8 . 7.5 4.04 

TIN 7/8 -' .. 849 7.62 

ZINC 8/8 - 5,110 6.62 
.. 

Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level . 
3 Canadian and ORNL benchmarks were used only in the absence of Eco-SSLs. 
4 See Section 5.7.6 for a more detailed Step 3a evaluation. 

TABLE 5-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES - SURFACE SOIL copes' 
SWMU 5 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF2 

Step 3a Evaluation 
Number of Alternate Benchmarks ,. 

Maximum Samples> 
., 

ORNL 
EEQ(l) Screening Eco-SSL Canadian Benchmarks(3) 

.' 

Level(2) SQG(3) 
Plant Earthworm Plant Earthworm Other Step 3a Factors Considered in Evaluati~n(4.5) 

314536 8 115 1,700 NA NA NA - Only the maximum detected concentration is greater than the Eco-SSL for 
invertebrates. 

- Several detected concentrations are greater than the Eco-SSL for plants. 
5.89 6 NA NA 12 NA NA - The maximum detected concentration is less than the Canadian SQG. '. 
1.86 1 NA NA NA 2 50(6) - Several detected concentrations are greater than theORNL plant benchmark. 

- Maximum detection is well below ORNL benchmark for microorganisms 
which have shown similar sensitivities to metals as earthworms. 

111 7 NA NA NA 50 2000(6) - Several detected concentrations are greater than the ORNL plant benchmark. 
- Maximum detection is well below ORNL benchmark for microorganisms 

which have l?hown similar sensitivities to metals as earthworms. 

772 8 NA 'NA 200 NA NA - Several detected concentrations were greater than the Canadian SQG. . 

5 Several generai notes were made for several of the chemicals.and are summarized as follows 'so ttiatthey do not have to be repeated for each chemical: 
- Metal shavings in the sample collected at 05SB06 likely contributed to the elevated levels of several metals in this sample, where the maximum concentrations oi most metals were found. 
- The site is heavily vegetated so even though ttie detected concentrations for several metals exceed plant benchmarks, the metals do not appear to be significantely impacting the plant community at the SWMU. 

6 Based on risks to microorganisms: . 

Acronyms: 
COPC = Chemical of Potential Concern . . . 
Eco-SSL = Ecological Soil Screening Level 
EEQ = Ecological Effects Quotient . 
NA = Not Available or Not Applicable 

. ORNL = Oak Ridge National LaboratorY 
SQG = Soil Quality Guideline 

r 
,r" 

') 

Risk Determination 
Retained as 

. (Acceptable! 
aCOPC? 

Unacceptable) 

Unacceptable Yes 

Acceptable No 
Acceptable Yes 

(for invertebrates) 

Unacceptable 
(for plants) . 

Acceptable Yes 
(for invertebrates) 

Unacceptable 
(for plants) 

Unacceptable Yes 
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• 
Chemical of Potential Concern Frequency of 

(COPC) Detection 

DIOXins 
1,2,3,4,6,7,8,9-0CDD 4/4 
1,2,3,4,6,7,8;9-0CDF 4/4 
1,2,3,4,6,7,8-HPCDD 4/4 
1,2,3,4,6,7,8-HPCDF ' 4/4 
1,2,3,4,7,8;9-HPCDF 3/4 
1,2,3,4,7,8-HXGDF 4/4 
1,2,3,6,7,8-HXCDD 4/4 
1,2,3,6,7,8-HXCDF 4/4 
1,2,3,7,8,9-HXCDD 4/4 
1,2,3,7,8,9-HXCDF ' 3/4 
1,2,3,7,8-PECDF 3/4 
2,3,4,6,7,8"HXCDF 4/4 
2,3,4,7,8-PECDF 4/4 " 
2,3,7,8-TCDD 4/4 
2,3,7,8-TCDF 4/4 
TOTAL HPCDD 4/4 
TOTAL HPCDF 1/4 • Volatile Organics 
CIS-1,2-DICHLOROETHENE 1/4 
TRICHLOROE'fHENE 1/4 

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

Semivolatile Organics 
2·METHYLNAPHTHALENE ' 1/4 
DIBENZO(A,H)ANTHRACENE 1/4 
TOTAL PAHs NA, 
PCBs 
AROCLOR-1260 1/4 

--- ------

Inorganlcs 
ALUMINUM 4/4 ' 
ANTIMONY 3/4 

BARIUM 4/4 

'.' CADMIUM 1/4 

-
Maximum Detected 

Concentration (mg/kg) 

-

'----

'r 
r' 

i 

6.11 E-03 , 
2.23E-04 
2.03E-04 " 
8.61E-05 
6.50E-06 
2.10E-05 
7.20E-06 
8.30E-06 
7.70E-06 

' 1.40E-06 
'5.90E-06 
1.07E-05 
9.30E-06 
3.70E-06 
7.00E-06 
4.22E-04 
1.07E-04 
------

1 
0.7 

------

0.024 " 

0.016 
0.104 

0.17 . 
•. 

7,660, 
5.8 

148 
.. 

-
, 

2.5 , 

, 

Screening Maximum 
Level (mg/kg) EEO(1) 

3.30E-06 1852 
1.29E-08 17287 
3.30E-06 62 
1.29E-08 6674 
1.29E-08 504 
1.29E-08 1628 ' 
3.30Ec06 2.18 
1.29F08 643 
3.30E-06 2.33 
1.29E-08 109 
1.29E-08 457 
1.29E-08 829 
1.29E-08 721 

' 3.30E-06 ' 1.12 
1.29E-08 543 
3.30E-06 128 
1.29E-08 8295 

0.21 4.79 
0.18 3.90 

0.020 1.19 
0.006 2.57 

NA NA 

0.034 4.99 

NA NA 
NA NA 

NA NA 

0.596 4.19 

TABLE 5-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS - SEDIMENT COPCs 
SWMU 5 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

Number of Step 3a Evaluation 

Samples> Alternate Benchmarks '. 
Screening· Other Step 3a Factors Considered in Evaluation(3,4) 

Level(2) Consensus- 1 Consensus- 1 1 Canadian 1 ·1 .1 
based TEG based PEC ER-L LEL AET ESL l'EL -

4 NA NA NA NA NA NA NA - The sum dioxin TEO value is less than the sediment level that would 
4 NA NA NA NA NA NA NA cause a low risk to fish (60 ng/kg). , . 
4 NA NA NA NA NA NA NA - Aquatic invertebrates are much less sensitive to dioxins than are fish. 
4 NA NA NA NA NA NA NA 
3 NA NA NA NA NA NA NA .. 
4 NA NA NA NA NA NA NA 
2 NA NA NA NA NA NA NA 
4 NA NA NA NA NA NA NA 
2 NA NA NA NA NA NA NA 
3 NA NA NA NA NA NA NA 
3. NA NA NA NA NA NA NA '. 
4 NA NA NA NA NA NA NA 
4 NA NA NA NA NA NA NA 
1 NA NA ' NA NA NA NA NA . 
4 NA NA NA NA NA NA NA 
4 NA NA NA NA NA NA NA , , 

1 NA NA NA NA NA NA NA 
---

" 

1 NA NA ' NA NA NA 0.65 NA - Although the detected concentrations are greater than the ESLs, the 
1 NA NA NA NA NA 0.11 NA location of the maximum detection is very poor aquatic habitat. 

- VOCs are generally not detected in sediment because they are volatile. 
- The samples were collected in winter, when volatilization is low. 

- Few receptors are present in the sediment in winter; VOCs are not 

expected to be detected in the sediment in the warmer months when 
aquatic receptors are present. I 

1 NA NA NA NA NA NA NA - Total PAHs were evaluated instead of il1dividually detected PAHs. 
1 NA NA NA NA NA NA NA - The maximum detection is less than the. consensus-based TEC. 

NA 1.61' NA NA NA NA NA NA 

1 0.0598 0.676 NA NA NA NA NA - Only the single detected concentration is greater than the TEC. 
- The location of the single detection is very poor aquatic habitat. 
• Risks are not great enough to kee~oclor-1~60 asa COPC. 

----

NA ,NA NA NA NA NA NA 25500 -The maximum detection is less than the.TEL. 
NA NA NA 2 NA NA NA NA ~ Two detected concentrations were slightly greater than the ER-L. I 

I Risk Determination Retained as . 
(Acceptablel 

aCOPC? I Unacceptable) 

Acceptable No 
! 
I 

' I 

I 

Acceptable No 

Acceptable No 

Acceptable No 

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

Acceptable No 
Acceptable No 

- The location of the maximum detection has little aquatic habitat; effects to , 
sediment invertebrates are unlikely due to the marginal exceedance 
reported at other locations. 

NA NA NA , NA NA 48 NA NA - All detections are greater than the AET. Acceptable No 
• All concentrations are within the soil background data set for NSWC 

Crane indicating that barium concentrations ~re not significantly elevated 
in sediment. 

1 ,0.99 4.98 NA NA NA NA NA - Only the maximum detected concentration is greater than the TEC; all Acceptable No 
detected concentrations were less than the PEC. 

- The location,of the maximum detection has little aquatic habitat. 
- - Effects to sediment invertebrates are unlikely. 

-- . ---

DECEMBER 2004 



• 

• 

.' 

-

Chemical of Potential Concem Frequency of Maximum Detected Screening 
(CO PC) Detection Concentration (mglkg) Level (mglkg) 

COPPER 4/4 37.1 16 

'. 
LEAD .4/4 130 31 

MANGANESE 4/4 812 NA 

--

VANADIUM 4/4 16.7 NA 

ZINC 4/4 243 120 . , 

,. 

. -
Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level. 

·3 See Section 5.7.6 for a more detailed Step 3a Evaluation. 

Maximum 
EEQ(l) 

2.32 

4.19 

NA 

NA 

2.03 

TABLE 5-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS - SEDIMENT COPCs 
SWMU 5.- OLDBURN PIT 

NSWCCRANE 
CRANE, INDIANA 

PAGE 2 OF2 

Number of Step 3a Evaluation 

Samples ;. Altemate Benchmarks 
Screening Other ·Step 3a Factors Considered in Evaluation(3,4) 
. Level(2) Consensus- Consensus- Canadian 

based TEC based PEC ER-L ·LEL AET ESL TEL 
2 31.6 149 NA NA NA NA . NA - Only the maximum detected concentration is greater than the TEC; all 

detected concentrations were less than the PEC. 
- The location of the maximum detection has little aquatic habitat. 
- Effects to sediment invertebrates are unlikely 

1 35.8 128 NA NA NA NA NA -Only the maximum detected concentration is greater than the TEC and 
slightly greater than the PEC. 

- The location of the maximum detection has little aquatic habitat. 
- Effects to sediment invertebrates are linlikely. 

NA NA NA NA 460 NA NA NA - Several detected concentrations are greater than the Canadian LEL; all 
detected concentrations were less than the SEL. 

- Manganese concentrations in the soil are within background 
concentrations; because the source of manganese in the sediment is 
surface soil runoff, it is unlikely that manganese in the sediment is 
related to site~activities; 

NA NA NA NA NA 57 NA NA - All detections are less than the AET. 
-. The maximum detected concentration is slightly greater than the 

upgradient concentration . 
- Any risks would not be site-related. 

1 121 459 NA NA NA NA NA. - Only the maximum detected concentration is greater than the TEC and 
slightly greater than the PEC. 

- The location of the maximum detection has little aquatic habitat. 
- Effects to sediment invertebrates are unlikely . 

4 Several chemicals that were detected at concentrations greater than conservative screening levels were not retairied as COPCs because of the poor and/or lack of aqua~ic habitat at the SWMU. 

Acronyms: 
AET = Apparent EffectsThreshold 
CO PC = Chemical of Potential Concern 

· EEQ = Ecological Effects Quotient 
ER-L = Effects Range-Low 
ESL = Ecological Screening Level 
LEL = Lowest Effects Level 

· NA = Not Available.or Not Applicable 
PAH = Polycyclic Aromatic Hydrocarbon 

· PCB = Polychlorinated Biphenyl 
PEC = Probable Effects Concentration 
SEL = Severe Effects Level 
TEC = Threshold Effects Concentration 
TEL = Threshold Effects Level 

,// 

Risk Determination 
Retained as 

(Acceptable/ 
Unacceptable) 

aCOPC? 

Acceptable No 

Acceptable No 

Acceptable No 

I 

Acceptable No 

·1 

Acceptable No 

/ 
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_Maximum 
Chemical of Potential Concern Frequency of Detected Screening 

(COPC) Detection Concentration Level (ug/L) 
_ (ug/L) 

Dioxins 
TOTAL PECDD 1/4 :.,9.40E-06 2.78E-07 

-~ 

Volatile Organics -
CIS-1,2-DICHLOROETHENE 3/4 290 NA 
TRICHLOROETHENE 2/4 120 75 

VINYL CHLORIDE 214 . 85 9.2 
Inorganlcs 

-

ALUMINUM 1/4 204 NA 
IRON 4/4 1520 NA 
IRON (Filtered) 4/4 594 NA 
MANGANESE 3/4 315 NA 
MANGANESE (Filtered) 

------~ 

3/4 . 304 _ NA_ 

Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of sam pies with concentrations greater than the screening level. 
3 See Section 5.7.6 for a more detailed Step 3a Evaluation. 
4 Based on trans-1 ,2-dichlor6ethene. 

TABLE 5-30 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS - SURFACE WATER COPCs 
SWMU 5 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA 

Number of Step 3a Evaluation 

Maximum Samples> AWQC ORNL Aquatic 
EEQ(1) Screenirig l' LCV 

, 
. Level(2) 

Chronic. ESL SCV. (daphnids) Other Step 3a Factors Considered in Evaluation(3) 
- - - -

33.8 1 NA NA(5) NA NA - Although the detected concentration is greater than effects levels 
for fish, fish are not likely present in the streams and invertebrates 
are much less sensitive to dioxins than are fish. 

--

NA NA NA 970(4) NA NA -The maximum detected concentration is less than the ESL. 
1.6 1 NA 47 NA 7257 -The maximum detection is greater than the ESL. 

- VOCs are generally not detected iri surface water because they 
-

are volatile but the samples were collected in winter, when 
volatilization is low. 

- Few receptors are present in the water in winter; VOCs are 
not expected to be detected in the surface water in the warmer 
months when aquatic receptors are present. 

9.2 ·2 NA 930 NA NA -The maximum detected concentration is less than the ESL 

NA NA NA NA NA NA - Not detected in filtered sample which represents the bioavalable portion. 
NA NA 1000 NA NA NA - Maximum detected concentration in the filtered sample is less .. 
NA NA 1000 NA NA NA than the chronic WQC. 
NA NA NA NA 120 NA - Maximum detected concentration is much less than tolerance 

L- N~ __ NA NA NA 120 NA _~aluegf 1500 ug/l.. (tolerance level from the U.S. EPA Gold Book). 

.r 

5 The ESL for dioxins was not used in this Step 3a evaluation because it is based on risks to wildlife, not aquatic organisms .. 

AWQC = Ambient Water Quality Criteria 
. COPC = Chemical of Potential Concern 
EEQ = Ecological Effects Quotient 
ESL = Ecological Screening Level 
LCV = Lowest Chronic Value 
NA = Not Available or Not Applicable 
ORNL = Oak Ridge National Laboratory 
SCV = Secondary Chronic Value 

r " " 

Risk 
Determination Retained as a 
(Acceptable! COPC? 

Unacceptable) 

Acceptable No 

Acceptable No 
Acceptable No 

Acceptable No 

Acceptable No 
. Acceptable No 

Acceptable No 
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TABLE 5-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
SWMU 5 - OLD BURN PIT 

INSECTIVOROUS/HERBIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Notes: . . 
- Blank spaces indicales that an EEQ' could not be calculated because a NOAEL or LOAEL was not available 
- Cells are shaded if the EEQ is greater than 1.0 

. EEQ - Ecological Elects Quotient 
NOAEL - No Observed Adverse Effects Concentration 
LOAEL - Lowest Observed Adverse ~ffects Concentration 

/ 



\ 

Parameter 

Notes: 

Meadow 
Vole 

EEQNOAEL 

- Celis are shaded if the EEQ is greater them 1.0 

Meadow 
Vole 

EEQLOAEL 

TABLE 5-32 

TERRESTRIAL WILDLIFE MODEL-AVERAGE EEQS 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

Short-Tailed 
····Shrew 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

American 
. Robin 

EEQNO~L 

- Blank spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was not available 

American 
Robin 

EEQLOAEL 

N. Bobwhite 
Quail 

EEQNOAEL 

N. Bobwhite 
Quail' 

EEQLOAEL 

- This table only presents the EEQs for contaminants that had EEQsgreater than 1.0 using the maximum input parameters, and were detected above background concentrations 
EEQ - Ecological Elects Quotient . 
NOAEL - No Observed Adverse Effects Concentration 
LOAEL - Lowest Observed Adverse Effects Concentration 

• • • 
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TABLE 5-33 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EE05-MAXIMUM CONCENTRATIONS 
SWMU 5 - OLD BURN PIT 

Parameter 
Dioxins 
l,2,3.4,6,7,8,9-0CDD 
l,2,3,4,6,7,8,9-QCDF 
l,2,3,4,6,7,8-HPCDD 
l,2,3,4,6,7,8-HPCDF 
l,2,3,4,7,8,9-HPCDF 
l,2,3.4,7,8-HXCDF 
l,2,3,6,7,8-HXCDD 
l,2,3,6,7,8-HXCDF 
l,2,3,7,8,9-HXCDD 
l,2,3,7,8,9-HXCDF 
l,2,3,7,8-PECDF 
2,3,4,6,7,8-HXCDF . 
2,3,4,7,8-PECDF 
2,3,7,8-TCDD 
2,3,7,8-TCDF 
TOTALPECDD 
TOTAL HPCDD 
TOTAL HPCDF 
Semi-Volatiles 

PISCIVOROUS RECEPTORS 
NSWC CRANE, I'NOIANA . 

Raccoon 
EEONOAEL 

1.2E+OO 
4.SE-02 
2.SE-Ol 

. 1.lE-Ol 
8.1E-03 
2.6E-Ol 
9.0E-02 
l.OE-Ol 
9.6E-02 
1.8E-02 
7.4E-02 
1.3E-Ol 
1.2E+OO 
7.4E+00 
2.6E+00 
2.SE 02 
S.3E-Ql 
1.3E-Ql 

Racc;oon 
EEOLOAEL 

1.2E-Ol 
4.SE-03 
2.SE-02 
1.1E-02 
8.1E-04 
2.6E-Q2 

·9.0E-Q3 
1.0E-02 
9.6E-Q3 
1.8E-Q3 
7.4E-03 
1.3E-02 
1.2E-Ol 
7.4E-Ol 
2.6E-Ol 
2.SE-Q3 
S.3E-02 
1.3E-02 

Belted Kingfisher 

EEONOAEL 

4.4E-03 
1.6E-<l4 
1.SE-03 
6.2E-03 
4.7E-04 
1.SE-02 
S.2E-04 
6.0E-03 
S.6E-03 

.1.0E-03 
4.3E-03 
7.7E-03 
6.7E-02 
2.7E-02 
1.1 E-Ql 
9.2E-QS' 
3.1E-Q3 
7.7E-Q3 

Belted Kingfisher 

EEQLOAEL 

4.4E-04 
1.6E-OS 
1.SE-Q4 
6.2E-04 
4.7E-OS 
1.SE-03 
S.2E-OS 
6.0E-04 
S.6E-04 
1.0E-04 
4.3E-04 
7.7E-04 
6.7E-03 
2.7E-03 . 
1.1E-Q2 
9.2E-06 
3.1 E-<l4 
7.7E-04 

IDIBENZO(A,H)ANTHRACENE 2.9E+OO 2.9E-Ol 8.SE-03· I 8.SE-04 
PCBs 

IAROCLOR-1260 S.9E+03 S.9E+02 6.3E+OO __ ..:::6"".3.=,E-Q..::.,:..1 _---'I . 
Inorganics 
CADMIUM 2.SE+Ol 2.SE+OO ~ 3.9E-Q3 
COPPER 9.SE+OO 7.3E+OO ~ 1.9E-Q2 
LEAD 1.4E+02 l.4E+Ol 3.6E+OO 3.6E-Ql 
ZINC 1.3E+Ol 6.SE+OO ~ 5.8E-02 

Notes: 
- Cells are shaded if the EEQ is greater than 1.0 
.- Blank spaces Indicates that an EEQ could not be calculated because a NOAEL or LOAEL was riot available . 

EEQ - Ecological Efects Quotient . 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observeil Adverse Effects Level 

I' 

; 
/ 
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.j 
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TABLE 5-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
'SWMU 5 - OLD BURN PIT 

PISCIVOROUS RECEPTORS 
NSWC CRANE. INDIA~A 

Parameter 
Raccoon 
EEQNOAEL 

Raccoon 
EEQLOAEL 

Belted Kingfisher 
: EEQNOAEL 

Belted Kingfisher 
EEQLOAEL 

Dioxins 
1.2.3.4.6,7,8,9;OCDD 1 2.7E-01 l 2.7E-02 1.6E-03 
2,3,4,7,8-PECDF J 2.8E-02 I 2.8E-03 2.7E-02 
2,3,7,8-TCDD .. - 1.3E-01 7.9E-03 
2,3,7,8-TCDF I 7.2E-01 . I 7.2E-02 5.1E-02 
Semi-Volatiles 

I DIBENZO(A,H)ANTHRACENE I 7.3E-01 7.3E-02 3.5E-03 
PCBs 

IAROCLOR-1260 1.1E+03 1.1E+02 1.9E+OO 

Notes:. 
- Cells are shaded if the EEQ is greater than 1.0 
- Blank spaces indicates that an EEQ CQuid not be calculated because a NOAEL or LOAEL was hot available 
- This table only presents the EEQs for contaminants that had EEQs greater than 1.0 using the maximum input 

parameters, and were detected above background concentrations 
EEQ - Ecological Effects Quotient . 
NOAEL - No Observed Adverse'Effects Level 
LOAEL - Lowest Observed Adverse Effects Level , . 

(1 
( \i 

\ 

1.6E-04 
2.7E-03 
7.9E-04 
5.1E-03 

3.5E-04 

1.9E-01 

• 

• 

• 



• 
Maximum 

Frequency of Detected, 
Average 

Chemical of Potential Concern (COPC) Concentration 
Detection(1) Concentration 

(m~g)(l) 
(mglkg)(1) 

o!Herbivorous Wildlife InsectivorouslHerbivorous Wildlife 
1,2,3,4,6,7,8,9-0CDD 8/8 S.OSE-03 1.S0E-03 

1,2,3,4,6,7,8,9-0CDF 7/8 3.13E-04 8.83E-OS 

1,2,3,4,6,7,8-HPCDD 8/8 3.S9E~04 1.07E-04 

1,2,3,4,6,7,8-HPCDF 7/8 S.41E-04 1.14E-04 
1,2,3,4,7,8,9-HPCDF . 6/8 S.7SE-OS 1.08E-OS 
1,2,3,4,7,8-HXCDD S/8 2.17E-OS 4.48E-06 
1,2,3,4,7,8-HXCDF 7/8 3.61E-04 6.52E-OS 

1,2,3,6,7,8cHXCDD 7/8 S.30E-OS 1.19E-OS 
1,2,3,6,7,8-HXCDF 8/8 1.28E-04 2.36E-OS 
1,2,3,7,8,9-HXCDD 8/8 6.91E-OS' 1.47E-OS 
1,2,3,7,8-PECDD S/8 2.21E-OS 4.64E-06 
1,2,3,7,8-PECDF 4/8 1.0SE-04 1.74E-OS 
2,3,4,6,7,8-HXCDF 7/8 1.46E-04 2.7SE-OS 
2,3,4,7,8-PECDF 7/8 1.43E-04 2.7SE-OS 
2,3,7,8-TCDD S/8 6.10E-06' 1.36E-06 

• 2,3,7,8-TCDF 7/8 3.2SE-04 S.41 E-OS 
TOTAL HPCDD 8/8 8.03E-04 2.27E-04 
TOTAL HPCDF 6/8 7.92E-04 1.76E-04 
TOTAL HXCDD ., S/8 8.90E-04 1.71 E-04 
TOTAL HXCDF 1/8 2.S4E-OS 1.38E-04 
TOTAL TCDD 2/8 4.04E-04 7.S7E-OS 
TOTAL TCDF 1/8 S.24E-OS 2.16E-04 
Cadmium 6/8 31.1 6.3 
Chromium 8/8 ' 112 34.0 
Copper 8/8 1S20 269 
Lead 8/8 16900 2276 
Mercury 8/8 0.43 0.17 
Silver 3/8 7.S 1.8 
Zinc 8/8 S110 9S7 

• ( 

! 

TABLE 5-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 05 - OLD BURN PIT 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF2 

EEQs Using Average , 
Exposure Values 

NOAEL LOAEL 

EEQ> I Species 

EEQ> I Species 

Basis of Wildlife 

1.0 1.0 Toxicity Reference Value 

None NA None NA - Significant reduction in egg production 
' None NA None NA and hatchability - fOT birds 

None NA None NA 
None NA None NA - Significant reduction in fertility and 
None NA None NA neonatal survival - for mammals 
None' NA None NA 

1.0 Robin None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
4.4 Robin None NA 

None NA None NA 
8.7 Robin None ' NA 

None NA 'None NA 
None NA None NA 
2.7 Robin None NA 
2.2 Robin None NA 
12 Robin 1.2 Robin 
3S Robin 3.S Robin 
7.0 Robin None NA Reproduction 
6.3 Robin 1.3 Robin Reproduction 
1.3 Robin None NA Mortality 
360 Robin 36 Robin Reproduction 
12 Robin 1.2 Robin Reproduction 

None NA None NA NA 
49 Robin S.4 Robin Reproduction 

---

.Risk 
I 

~ Determination -Retained as 
( (Acceptable/ aCOPC? 

Other Step 3a Factors Considered in Evaluation(3) 
Unacceptable) 

- LOAEL EEQs calculated for several chemic~ls are greater than 1.0. Unacceptable) Yes 
- Most of the NOAELs and LOAELs are bas~d on reproductive studies so 

, 

some reproductive effects to mammals and, birds are possible. 
- The risks are'likely overestimated because'some portion of the 

chemicals will not be bioavailable, especiaily for the metals 'present as 
metal fragments; dioxins may also be bOU~? to the organic carbon , 
portion the soil. 
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Maximum 
Average 

Chemical of Potential Concern (COPC)' 
Frequency of Detected 

Concentration 
Detection(1) Concentration 

(mglt<g)(l) 
(mglkg)(l) 

Piscivorous Wildlife 
1,2,3,4,6,7,B,9-0CDD 4/4 6.1E-03 2.BE-03 
1,2,3,4,6,7,B,9-0CDF 4/4 2.2E-04 B.SE-OS 
1,2,3,4,6,7,B-HPCDD 4/4 2.0E-04 1.0E-04 
1,2,3,4,6,7,B-HPCDF 4/4 B.6E-OS 4.1E-OS 
1,2,3,4,7,B,9-HPCDF 3/4 6.SE-06 2.9E-06 
1,2,3,4,7,B-HXCDF 4/4 2.1E-OS 1.1 E-OS 
1,2,3,6,7,B-HXCDD 4/4 7.2E-06 3.9E-06 
1,2,3,6,7,B-HXCDF 4/4 B.3E-06 4:SE-06 
1,2,3,7,B,9-HXCDD 4/4 7.7E-06 4.4E-06 
1,2,3,7,B,9-HXCDF 3/4 1.4E-06 7.0E-07 
1,2,3,7,B-PECDF 3/4 S.9E-06 2.BE-06 
2,3,4,6,7,B-HXCDF 4/4 1.1 E-OS S.5E-06 
2,3,4,7,B-PECDF 4/4 .. 9.3E-06 4.6E-06 
2,3, 7,B-TCDD . 4/4 3.7E-06 1.3E-06 
2,3,7,B-TCDF 4/4 7.0E-06 4.0E-06 
TOTAL PECDD(2) 1/4 9.4E-09 5.0E-09 
TOTAL HPCDD 4/4 4.2E-04 2.2E-04 
TOTAL HPCDF 1/4 1.1 E-04 6.BE-05 
DIBENZO/A,H)ANTHRACENE 1/4 0.016 O.OOB 
AROCLOR-1260 1/4 0.17 0.063 
CADMIUM 1/4 2.5 1.1 
COPPER 4/4 37.1 21.5 
LEAD 4/4 130 4B.6 
ZINC 4/4 243 116 

Footnotes: 

TABLE 5-35 

STEP 3A EVALUATION FOR RISKS TO. WILDLIFE 
SWMU 05 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE20F2 

EEQs Using Average 
Exposure Values 

NOAEL LOAEL 

EEQ> 

T Species 

EEQ> I. Species 

Basis of Wildlife 

1.0 1.0 Toxicity Reference Value 

None NA None NA - Significant reduction in fertility and 
None NA. None NA neonatal survival - for mammals 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA .. 

None NA None NA 
None NA' None NA 
None NA . None NA 
1.3 Raccoon '. None NA 

None NA None' NA 

None NA None NA 
None NA None NA 
None NA None NA 
None NA None NA NA 
1100 Raccoon 110. Raccoon· . Reproduction 
S.3 Raccoon None NA Reproduction 
2.7 Raccoon 2.1 Raccoon Reproduction 
2S Raccoon 2.5 Raccoon Reproduction 
3.0 Raccoon 1.5 Raccoon .Reproduction 

1 These columns present the FOD and concentrations for soil (for insectivorouslherbivorous wildlife) or sediment (for piscivorous wildlife), except as noted in footnote 3. 
2 Total PECDD was detected in the surface water but not the sediment. Values given are surface water values·in units of mg/l. . 
3 See section 5.7.6.3 for a more detailedStep 3a evaluation. 

Acronyms: 
COC = Chemical of Concern 
EEQ = Ecological Effects Quotient 
FOD = Frequency of Detection 
LOAEL = Lowest Observable Adverse Effect Level 
NA = Not available or not applicaqle 
NOAEL = No Observable Adverse' Effect Level 
FCM = Food Chain Model 

, 
Risk 

Determination Retained as 
(Acceptable/ aCOPC? 

Other Step 3a Factors Cori~idered in Evaluation(3) 
Unacceptable) 

- PCBs and metals have LOAEL EEQs that ~re greater than 1; however, Acceptable No 
the waterbodies are only expected to acc~unt for a small portion of the 
raccoons diet because' of its home range and the small size of the streams. 

- The NOAELs and LOAELs used in the FCM for the raccoon are 
conservative based of the methodology used to derive the benchmarks. 

- EEQs calculated for inorganics are high be'cause there are no sediment to 
fish BAFs for inorganics. A default BAF of 1.0 was used which assul']1es 
that the chemical concentration in fish is e~wal to the chemical 
concentration in sediment. 

- The only PCB detection was in a drainage':ditch sample that is dry most 
of the time. Therefore, raccoons. or birds will not be consuming aquatic 
organisms from this area so impacts to piscivorous wildlife from PC~s 
in the sediment are not expected. 
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N 

~ \ 
~, ~ ---- -----

LEGEND 

S Monitoring Well 

.... Surface Water/Sediment Location 
• Boring 

/\/ Cross Section 
SWMU 

c:::J (Approximate Boundary) 

c::=J 
• 
• 
o 

Building 

Manhole 

Utility Pole 
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PiGlS\NSWC_CRANE\CT0-1 0_SWMU05_ TAGS_R1_UPDATEAPR INORGANIC OE'TECnoNS IN SURFACE SOIt 7107105 AJ 

N 

I---:::/, 

\ 
'-

. .--.....-~~ ...... " , 

ARSENIC 
BARIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 

SOIL GROUP 
(mg/lcg) 

11200 J 
3.2 J 
5.9 
74.7 J 
685 J 
11.1 
5 . 9 
15.9 
15600 J 
16 . 4 J 
1020 J 

MANGANESE 264 
MERCURY 0.04 J 
NICKEL 14.4 
POTASSIUM 464 J 
TIN 

R9PRG 
R9PRG, DAF1, RSDQL, BACK 
R9PRG, IDeM, DAFt, RSCOt 
RSDOL, BACK 
BACK 
DAF1, RSCOL, BACK 
RSOQL 
RSCOL, BACK 
R9PRG, BACK 
RSDOL, BACK 

R9PRG 
BACK 
DAFl, RSOOL 

05S907 
Inorganic5 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CADMIUH 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SILVER 
TIN 

I~-

EPA Region 9 Preliminary Remediation Goal 
Indiana Department of Environmental Management 
U.S. EPA SSL Migration to Ground Water DAF of 1 
EPA Region 5 Data Quality Level 

LEGEND 

S Monitoring Well 
Soil BOring e 

o o 
N 

.'. 

N 
/ \/ 

Surface Water/Sediment Sample Location 
SWMU Boundary (Approximate) 
Building 
Tree Line 
Stream 
Road 
Railroad 

SOIL GROUP 
(mg/kgl 

9860 J 
9.6 J 
6.9 J 
938 
3.9 J 
3110 J 

R9PRG 
R9PRG , OAF!, 
R9PRG, IDEM , 
R9PRG, DAFl, 
R9PRG, DAF1, 
BACK 

J 43.4 
12.3 
198 J 
32800 
196 J 
1060 J 

358 J 

R9PRG, DAFl, aSDOL, 
RSCOL 

0.14 
2. 

J 
RSDQL, BACK 
R9PRG , BACK 
RSCOL , BACK 

R9PRG 
DAF1, RSOOL, BACK 
DAFl, RSDQL 

576 J 
1. 8 J 
14.3 J BACK 

SOIL GROUP 
(mg/kg) 

9010 J 
5.8 J 
S.S J 
113 
1. 6 J 
30800 J 
16.4 J 
5.8 
41.6 J 

IRON 20400 J 
LEAD 82.1 J 
MAGNESIUM 1380 J 
MANGANeSe 306 J 
MERCURY 0 . 43 
NICKE.L 12.8 
TIN 26.4 J 
VANADIUM 19.6 

152 J 

R9PRG 
R9PRG, DAFl, RSDQL, BACK 
R9PRG, IDeM, DAFI 
CAFl, RSCOL, BACK 
DAFl, RSDQL, BACK 
BACK 
DAF1, RSCQL, BACK 
RSOOL 
RSCQL, BACK 
R9PRG, BACK 
RSDOL, BACK 

R9PRG 

055806 SOIL GROOP 
Inorganics (mq/kg) 
ALUMINUM 10500 J 
ANTIMONY 301 J 
ARSENIC 26.8 J 
BARIOM 2020 
CADMIUM 31.1 J 
CALCIUM 21700 J 
CHROMIUM 112 J 
COBALT 35.8 
COPPER 1520 J 
IRON 105000 J 

BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 

16900 J 
3640 J 
907 J 
0.1 
62.6 
1050 J 
7.5 J 
337 J 

J 
J 

3.1 J 
15100 J 
18.8 J 
6.4 
84.S J 
16100 J 
204 J 
2220 J 
361 J 
0.39 

R9PRG 
R9PRG, IDEM, DAFl. RSDQL, 
R9PRG, IDEM, DAFl, RSCQt 
R9PRG, DAFl, RSDOt, BACK 
R9PRG, [OEM, OAf'l, RSDQL, 
BACK 
R9PRG, DAFl, RSDQL, BACK 
RSDQL 
R9PRG , RSOQL, BACK 
R9PRG , BACK 
R9PRG , rOEM , RSDQL, BACK 

R9PRG 
RSDOt, BACK 
DAFl, R50QL 

1W03-03 

R9PRG 

BACK 

R9PRG, DAFl, RSDQL, BACK 
R9PRG, IDEM, OAF1, RSDOL 
DAFl, RSDOl, BACK 
DAF1, RSOOL, BACK 
BACK 
CAFl, RSOOL, BACK 
RSDOL 
RSDOL , BACK 
R9E"RG , BACK 
RSDOL , BACK 

R9PRG 
RSOQt, BACK 

BACK 

BACK 

05SBOS SOIL GROUP 
Inorganics (mg/kg) 
ALUMINUM 3S80 J 

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

ANTIMONY 16.1 J R9PRG, OAFl, RSDQL, BACK 
ARSENIC 5.1 J R9PRG, IDEM, DAF1 
BARIUM 328 DAFl, RSOQL, BACK 
CADMIUM 5.6 J R9PRG, DAFl, RSDOL, BACK 
CALCIUM 241000 J BACK 
CHROMIUM 40 J R9PRG, DAF1, RSDOL, BACK 
COBALT S.S RSCQL 

109 J RSCOL, BACK 
11400 J R9PRG, BACK 
342 J RSDOL, BACK 
4900 J 

J R9PRG 
BACK 

R9PRG 

RSCOL 
BACK 

SOIL GROUP 
(mg/kg) 

14800 J 
6.2 

BARIUM 99.3 J 
R9PRG, IDEM, 
DAEl, aSCQL, 
DAFl, RSCOL, 
RSOOL 

DAFl, RSOOL 
BACK 

CHROMIUM 10 . 4 
COBALT 12 
COPPER 11.7 
IRON 11300 J 
LEAD 15.2 J 
MAGNESIUM 660 J 
fof.ANGANESE 1110 
MERCURY 0.09 J 
NICKEL 12 

22.9 

SOIL GROUP 
Img/kg) 

6830 J 
33.2 J 
6.6 J 
34. 
3.3 J 
4780 J 
19.3 J 

COBALT 6 . 1 
COPPER 114 J 
IRON 21100 J 
LEAD 450 J 
MAGNESIUM 1050 J 
MANGANESE 381 J 
MERCURY 0 . 11 
NICKEL 14.1 

S65 J 
44.6 J 

RSDQL, BACK 
R9PRG, BACK 
RSDOL, BACK 

BACK 

R9PRG, DAFl, 
R9PRG, IDEM, 
o AFl, RSDQL, 
DAF1, RSDOL, BACK 
BACK 
DAEl, aSDOL , BACK 
R5DQL 
RS DOL, BACK 
R9PRG, BACK 
R9PRG, IDeM, RSOQL, BACK 

R9PRG 
CAF1, aSCOL, BACK 
OAFl, aSOQL 

BACK 

250 Feet 
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e 

-

e 

05$1101 (6 - 8) 
Dlodns (nq/kql 
1.2 .1, 'I, 6. 1,8, '-acOD 
1,2, J. 4, 6. 7 , 8. ':I-OCD!! 
L, 2,1. 4 . i. 1.S-IlPCOO 
1,2,1,4. &, 1, I-lIreDI' 
1,2.1,4.1,8, 'i - IiPeIlF 
1.2.l.4.7,8-IlJ:ClJO 
1.2.3.4.7,I-BXeor 
1,2.1,6.1,1-IlXCtHI 

~
-~ :::: ::::;::::;~;: 

l,2,l.? ,8 .'-RXCD r 
'-' 1.2.1 .7.8-~2COD 

"in ~, ! : ~:! : ~ : ~~:~;~~l)r 
2.J.4,7,8-PBCDP 
2.3.7.8 - TCDD 
1.1.7,8- TCDF 
'tOTAL lI.eDD 
TOTAL HPCOP 
TOTAL HlCCDD 
Voliltll. Ocq~nlc. ("'Ilk'll 
TRIClU.OROJ:TUHII: 
5l1aivohtil. Ocqanlcs (uq/k'Jl 

D o 
IV 
/\/ 
N 
IV 

Monitoring Well 
Soil Boring 
Surface Water 

2. -MET.!!.Y LIIAPB'r\LU.ElIE 

ACEMAl'BTIlII:NE 
AC!:"APHTHYt.£NE 
AKTRRACE!(I!: 

aENtO tA, .l'.NTIiRAC'!N1! 
8DfEO(A).nna 
8ENEO( R ) rLOORAN'I'n:n 
80EOIG,H , II I'ERrLElR 
BEN ZOlr.:) nOORAlfTRENl! 
callUtH! 
IHIIIIN:r.O IA. HI ANTHRACENE 
FLUORAftTIiB HE 
tHOENO 11 . 2.. J-CDI <'1'1\8N£ 
N"'~H'rflALr.N& 

~HENAHTHREN!! 

"esticiduJPCu (u'l/ltq) 
AAOCLOIt-12S4 
KE'!!!OX'tCItLOR 
Ileebicides ( u 'lJlt'l) 

SWMU Boundary (Approximate) 
Building 
Tree Line 
Stream 
Road 
Railroad 

" " CO .. 
no 

'" '" 260 oJ ,,, 
'" l lC J 

'" 240 .; 

" no 
no 

'" 
" J 

OAF 1 

R9PRG 
IDEM 

R9i'flG , 
R9PRG, 
R9~RG, 

R9PRG, DAFt 

(8 - 10 ) 
Dladn. (n ':l Il"I) 
t, 2, J,~, 5. 1. I. 9-OCDD 
1.2. J •• , 6. 1. 8. 9-OCDF 
1.2.1.4,'. S, 9-KPeop' 
t. 2,],4,7. I-IIXCOD 
1.2.1.6.1, a-IIXCDF 
t,2,],1,8-PI!!:COF 
1,],4,1.8- PECDr 
1 , ],1, i-Tcor 

~ 

FO¢ TEDAREA 

~ 
.~ 

~15--jS ~~ 

~CisS~3 
OST03 S 

\ 05-14 tis.17 
5 ~19 

~11 

sa. I J 
2.2 J 
0.49 J 
0.26 J 
0,58 BJ 
0.49 J 
a,1'1 J 
1.< 
, J 

110 DAFt 
, DAFt 

[uq/kq) 

" " " , 

U.S. EPA SSL Migration to Ground Water OAF of 1 

EPA Region 9 Preliminary Remediation Goal 
Indiana Department of Environmental Management 

(5 - 7) 
Oiodns (ng-/k'i) 
1. 2,3 , ~, 6, 1.8, 9-oeDO 
1.2,3, 4,6, 7.~. 9-DCOF 
1, 2,3,4 ,5,7.8 -IU'COO 
1,2,1, 4.5,1. a-HPCOF 
1,2, 3 , 4,7 , B, 9-HPCDF 
1,2.1,4,7 , 8-HXCDO 
1. 2,1.4,7, a-IlXCDF 
1,2, 3,5 ,7, a-HX C!)D 
1,2 ,], S, "1 , a-RXCDF 
l,2.1.1.8,9 -RXCOO 
1,2.1,1.8,9-RXCOF 
l,2,], 1, 8-i'1!!:CDD 
l,2,J, 1. S-i'1!!:COr 
2,3 .4 .6.1 ,8-RXCOF 
2, ],4. 1,6 -PECOF 
2.],7.a-TCDO 
2.3,1,8 -1'COr 
TOTAL Hi'COO 
TOTAL IlPeOF 

tllO J 
328 J 
735 J 
159a J 
23.1 J 
84.9 J 
Lal0 J 
U2 J 
{~1 J 
42. 5 
6.6 1 
9',1 J 
3"11 J 
18.6 J 
118 J 
lJ.5 J 
453 J 
t 690 J 
USO J 
3040 J 
1 94 0 J 
2280 J 
5740 J 
]684 0 J 

'" " " .. 
" " IaTMYLItNl: CRLOR! DE 42 

TOLU !!NE 21 
TRAHS- l ,2-DICIILOR08THENE 7 
1'RICHLOR08T.I!EHE 9 
V! N'!'L CIlLORIDE 16 
X'tLBN!!S, TOTAL 61 
SClllivolatile Ot'lanlCS lu'l/li; CJI 
2-I!I!:TH'tUlAi'!i'rElALEtU: 2500 J 
alSf2-8TIIYLli£XYL)PIiTIlA.LATE 1600 J 
CM'tSCn: 

OSSWISD01\ 

y--
/-

/ 

-<: 
~ 

R9FRG 
R9PRG 

R9PRG 
R9~RG 

UPRG 
1\9PRG 
R9i'IlG 

R9PRG 
R9PRG 
1l9PRG 
Fl 9PRG 
R9PFlG 
Fl9PRG 

DAFt 

DAl"l 

(4 - 6) 

Dtodn$ {n'll k'i l 
1 , 2,3. 4.6, 7, 8,9-oeOD 
1. 2, 3, 4, 6, 7, 8, 9- OCDF 
1, 2, 3. 4 ,6,7.8-.II.PCOO 
1,2,1, 4,6.1, a-.II.pCOF 
1,2, ] , 4, 1, S-HXCDF 
1,2, 3, 6 ,7,8-HXCOD 
1. 2,1, 6, 7, 1-.IlXCDli· 
1,2,],1 ,8,9-RXCDD 
l,2 ,3. ' ,I-i'!:CDD 
2,3 ,4, &, 1, 8-RXC DF 
2 . J ,4, 1 ,1-i'ECDF 
2.3 , 1,1 -1"CDF 
TOTAL RPCDD 
TOTAL IIPCOF 
Semivolat il" Oe'i« n ics 
2 -METHfLHAPHTHAL!! N!! 
4-MBTH'tLi'H8NOL 
ACI!!:NAPH!'II!!HB 
ACE NAPIITlifLENH 
AlITIIMCENE 

I BEIIfl:O(AIAl!lTRRACU£ 
BItHZO I A )P1il£l1£ 
BItNZO (8) FLUOIlA.NTB.EIiE 
BElIZO (G.Il, !) ?UYL£HE 

I U.IIZO IX)&'LOOA.Al!lT.Il£!fE 

/-Z... 

05T01--$ 

666 J 
25.6 J 
67.7 J 

" J 'I. ' J 
4. 8 J 
3.8 11 ,1 
L 5 J 
l. ~ J 
{ .4 J 
U 
15. J 
136 J 
11.8 J 

(u<J/1o:'l) 

'" ." 
" , 
" " SJ 

" " " 

J 
J 
J , 

IHS {2-8TINLREX'YLll'!lTRA LATE '" CHlll'SEIfIt " DAFt n P'LOOAANTIlEtfl!!: D' 
0"'1'1 rLDORnflt " " J 

'" '" '" 

/"' 

0551 06 (6 • I) r 
Dioaills (n'l/k'l) 
1 , 2,3,4,6,1, I, 9-OCDC 1250 J 
1,2. J, 4, 6,1, 8. 9-OCDI' 

" J ! , 2 , 3, 4. 6, 1,I -RPCOD '" , 1 , 2, 3,~, 6, 1, I-MPcor 109 J 
1, 2,3,~,' , 8-HlCcor 50.1 J R9PRG 
1,2, J , 5, 1, 1-lIltCDD 22.J , 
1 , 2,l,6,1,8-MXCOP' 19.1 J 
1,2,J,1,8·PBCOD 7.0 ""PRG 
2,],.,6,1,8-H)(COt' 

" J 2,J,4,1, 8- PECOF " R9PRG 
2,J,1,8 - 'tCDo ... 
2, J, 7,I-TeDF 20.3 

427 oJ ". J 
1'01:.)\L II.XCDF 243 J 
Voht!l. Oe" ,ullcs ( uq lkq) 
BENILNE , ,m 
CIS-l,2-DIC!U.OROZl'WitJl I:. " DAFt 
l'RICiU.OIlO!:TUNE D CAr l 
VINYL CHLORIDE '" R9PRG, DU' l 
5 .... b/o t.tll. Oeq.n ic s luq /k ,, 1 
2 -HKTRYLN-\iRTIlALEln. '" 4 -Ml.TIfTLPRENOL no J 

~~::!:f~N1!!: " " ANTHRACENE " ,II! NIO (AI ANTHiVlCINB " BENZOIAI PYREN! " B!!NI0(8) PLUDRANTIiEHE " Bl!N!O{G,II, II PERfLE NH n J 
8IS (2 - BTlifLIlEX'tLI PHTHALATE 19M 
CIUI.'tS IUfIt " 

, 
FLOOIlAl!lTHENE 
rLDCUIU: 

n J 

" IHDENO (1,2 ,3-COI -<'fUNE 
1UU'1I!'II.ALENE 

1"9/ 1t!!) 

" J EO 
UO 
180 J 

no 

(2 - " 
Oioxins (n<J/k'l) 
1,2.3.4.6.7.8,9-0<;00 
1 , 2,3. 4. 6.7,8,9 - OCOP 
1,2,3.4,6.7.8- HPCDD 
1,2.3,6,'.8-IIXCOf' 
t , 2.],', I, 9·HXCDD 
1,2,],7,8- PECDF 
2,]. 4 .7,8- PBCDF 
2,],7, a-TeDr 
TOTA L HroCDD 
voh. til. Oeq.nl.:s 

(6 - 8) 

Oioxins (n " /k'l) 
1,2 , 3, 4 ,5,1,8.9- OCDD 
1,2,3,4,5,1,8.9-OCOF 
1,2,3,4,5.',I-RilCOr 
1,2.1, 4, i. 8-IIXCDF 
L2.J.6,1.8 - HXCDD 
TOTAL HPCOI' 
'l'OTAL IIXCDf 
TOTAL ~scor 

Volatile Or'lan ics (u 'l l .~'i) 
AC£TOI!I£ 
cIS - l. 2 - DICIlLOROETIU. NE 
Vi NYL CHl.ORI OI: 
xn,J: NIS, TOTAL 

R9PI\G 

1520 J 
0.26 J 
L8 J 
0.3 J 
0.1 J 
0.]2 J 

0.22 J 
0.36 J 
26. L J 

218 J 

" J 65.6 J 
1S.02 J 
4.6 J 
1\2. J 

" , 
61,) 

" , 
" " 'i ... i ... al.o.t:il. Deq.nl.:s 

i-HETH'tLNAPHT.IlA..LENE 
( UlJ/kq) 

o 
o 

ACENAPII'!'RYLENI 
!!I!.NZO (AI ANTRRACENE 
aENZD (A) ;>YRUE 
!!II.NZO (8) FLIJOllAN'TSEn 
BtNZO (G, II, II PER'tLENIt 
IUS (2-E'!'RYLREXYL) PRTI!JU.ATE 
CHRrSBNE 
PLUORANt'HENE 
FLUOR£NE 
[ NOE NO f 1,2, J-CO) ;>'!IU!. NE 
NAPH THAL!.NE 

660 J " , 
100 J 

" , 
t40 J 

" , 
1100 

'" '" .. J 

" J 250 J 
~HENAftTIUlENE HD 
!l''tR!:If!: 350 
~utlcldes/;>cas (uqJlc.q) 
AAOCLOR- I2S0 5 40 

7.0 

\\ n ) \~ 

, .... 

DArl 
R9PRG 

I\9P!l.G 
,m 

Y l 

~'b 

'\ \ ~ @ 

~ 

ci 
Z 
..... 
U~ 

~::. ......... 
Z 
0 
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I ~ 

i lh 
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a a z 
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P"\GIS\NSWC_CAANBCT0-10_SWUU05_TAGS_R '_UPOATE.APR INORGANIC DETECTIONS IN SUBSURFACE SOIL 1107/05 AJ 

\ 

N ) ~ \ 

------" J J. /~ ~-'\"''- '~I'_V ' _V ' "'' Y ~ 105SB07 ( 6 - 8) SOIL GROUP 8 I 

LEGEND 

S Monitoring Well 
• Soil Boring 

Surface Water/Sediment Sample Location 
D SWMU Boundary (Approximate) 
D Building 
N Tree Line 
/ . Stream 

N Road 
<\/ Railroad 

Inorganics I mg/kg) 
ALUMINUM 6660 J 
ANTIMONY 11.5 J 
ARSENIC 5.6 J 
BARIUM 193 
CADMIUM 4 . 8 
CALCIUM 2760 
CHROMIUM 29.6 

7.1 

J 
J 
J 

387 J 
IRON 35200 J 
LEAD 151 J 
MAGNESIUM 1110 J 
MANGANESE 286 J 
MERCURY O. 11 
NICKeL 18.8 
POTASSIUM 621 J 
SILVER 3.8 J 
TIN 14 J 
VANADIUM 16.3 
ZINC 491 J 

05T03----S 

(8 - 10) 

R9PRG, DAE'l. 
R9PRG , IDEM, 
DAFI, BACK 
R9PRG, DAFl, 
BACK 
DAFt, BACK 

R9PRG, BACK 
R9PRG, BACK 
BACK 

R9PRG, BACK 
DAF1 , BACK 
OAFl, BACK 

OAF1, BACK 
BACK 

(Illg/kg) 
3910 J 
0.9 J 
2.9 J 
30.3 

DAFl, BACK 
R9PRG, DAFt, 
BACK 

5.1 J 
6.1 
8.1 J 
11400 J 
9 J 
496 J 
151 J 
8.8 
9.6 

DAFl 

BACK 
R9PRG, BACK 

DAFl, BACK 

BACK 
OAF! 

BACK 

EPA Region 9 Preliminary Remediation Goal 
Indiana Department of Environmental Management 
U.S. EPA SSL Migration to Ground Water OAF of 1 
Background 

~~, " 

( 055806 16 - 8) SOIL GROU~ 8 
Inol::ganics (mq/leg) 
ALUMINUM 9240 J 
ANTIMONY 20a J 
ARSENIC 12.2 J 
BARIUM 1230 
CADMIUM 1].4 J 
CALCIUM 15500 J 
CHROMIUM 110 J 
COBALT 11.8 
CO~PER 6310 J 
IRON 4 3900 J 
LEAD 2860 JJr MAGNESIUM 2590 
MANGANESE 626 

J 
J 

J 

IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 

HERCURY 0.06 
NIC!tEL 33.4 
POTASSIUM 1520 J 
SILVER 2 . 1 J 
SODIUM 933 J 

324 J 
21.3 
3010 J 

(5 - 7) SOIL GROUP 
(mg/kg) 

14600 J R9PRG 
126 J 
10.5 J 
1430 
27. 9 J 
11600 J 
54 . 2 J 
22.6 
2580 J 
72900 J 
549 J 
1740 J 
1070 J 
50.5 
1010 J 

J 
J 

16. 1 
1300 
233 
22 . 1 
2050 

J 

R9PRG, 
R9PRG, 
R9PRG, 
R9PRG, 
BACK 

DAFt , BACK 
IDEM , OAF! 
DAft, BACK 
IDEM, DAFt, BACK 

R9PRG, DAF1, BACK 

R9PRG, BACK 
R9PRG, BACK 
R9PRG, IDEM, BACK 

R9PRG, BACK 
DAF1, BACK 

DAF1 , BACK 
BACK 
BACK 

R9PRG 
R9PRG , 
R9PRG, 
R9PRG, 
R9PRG, 
BACK 
R9PRG, 

IDEM, DAFl, BACK 
IDEM, DAn 
DAFl, BACK 
IDEM, DAF1, BACK 

DAFl, BACK 

R9PRG, BACK 
R9PRG, BACK 
R9PRG, IDEM , BACK 

R9PRG, BACK 
BACK 
DAF1, BACK 

OAF1, BACK 
BACK 
BACK 

R9PRG OAFt, BACK 

05T01-S 

ro o 
o 

> 
w ~ 
0:: 

~. 

055805 (6 - 8) SOIL GROUP 8 
[norganics (mg/kg) 
ALUMINUM 8740 J 
ANTIMONY 6.5 J 
ARSENIC 6 . 9 J 
BUIUM 234 
CADMIUM 1 . 8 J 
CALCIUM 3190 J 
CHROMIUM 20 . 8 J 
COBALT 7 . 6 
COPPER 77.4 
IRON 29900 
LEAD 2550 

J 
J 

J 
MAGNESIUM 1180 J 
MANGANESE 383 J 

R9PRG 
R9PRG, OA.Fl, BACK 
R9PRG, IDEM , DAFl 
DAF1, BACK 
DAF1, BACK 
BACK 
DAF1, BACK 

BACK 
R9PRG. BACK 
R9PRG , IDEM , BACK 

R9?RG, BACK 

ci z 
' ------t >

U~ 

~~ 
!z"" 
o 
u 

~ 

~ 
o 

~ 
0:: 
n. 
~ 

...J 
o 

~ 

~ ci 
o z 
~ <!I 
o ~ 

I I ~ I ~ 

93 . 2 
15 . 7 

POTASSIUM 561 J 

R9PRG, IDEM, OAf1, BACK 
DAF1 , BACK 

(/l 
W Cl: 

TIN 16 J BACK 
VANADIUM 18 . 2 

374 J BACK 

05SB04 (2 - 4) SOIL GROU? 
Inorganics (mg/kg) 
ALUMINUM 15700 J R9PRG 
ARSENIC 
BARIUM 
CHROHIUH 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
VANADIUM 
ZINC 

4 
99.4 J 
8.8 
5 . 5 
10.7 
12100 J 
8 . 2 J 
702 J 
258 
0.04 J 
12 
17.6 
25.9 

R9PRG, IDEM, DAFl 
DAF1 , BACK 
DAF1, BACK 

BACK 
R9?RG, BACK 
BACK 

R9PRG, BACK 
BACK 
OAfl, BACK 

BACK 

055802 (4 - 6) SOIL GROU? 
Inorganics (mq / kg) 
ALUMINUM 8240 J R9PRG 
ANTIMONY 96.1 J R9PRG, DAF1, BACK 
ARSE NIC 9 J R9PRG, IDEM, DAF1 
BARIUM 593 R9PRG , DAF1 , BACK 
CADMIUM 9.8 J R9PRG , DAF1, BACK 
CALCIUM 11400 J BACK 
CHROMIUM 30 J DAF1, BACK 
COBALT 1 
CO PPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SILVER 

258 J 
31600 J 
1330 J 
2340 J 
472 J 
0.11 
,0 
1060 J 
1. 1 J 

BACK 
R9PRG, BACK 
R9PRG , IDEM , BACK 

R9PRG, BACK 
DAFl, BACK 
DAn, BACK 

BACK 
500 BACK 
212 J BACK 
21.1 
114 0 J OAFl, 

U W 
~ l-
ll.. Z 
Cl:l- w 
:::J-U (/lQ. 
COzw~ 
:::JCl:Cl: z (/l:::JU':~ 
ZCOCl:O 
-O~Z 
~...J!:-_ 
OC?ww 
~ tIlU~ 
U ~OC 
w:::J~U 
1-:::i::::J 
w!:(/l 
~(/l;i 
- > Z ~ 
<1i z 
Cl: o 
Z 

~ ~ I ~ ~ 

.. 0 In 
1 \ k'" Z ~ Z 

> I ~ ~ 
o 250 Foet I ~ ~ ~ ~ 

Ol 

til 
W 
Cl: 
:::J 
<!l 
u:: 

~ 
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INORGANIC AND ORGANIC DETECnONS IN SURFACE 7f071OS AJ 
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P:\GIS\NSWC_CRANBAPR\CTQ...1 0_SWMU05_TAGS_R1_UPOATE.APR INORGANIC AND ORGANIC DETECTIONS IN SEDIMENT 7/07105 AJ 
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1 ,2,3,7 , a, '-RXCDD 2.8 ,J 
1,2,3 , 7,8, '-RXCD' 0.56 3 R5DO.L 
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1.2,3,7,~, 9-IIXCDD 1. 5 J 
2.3,4,6,7, B-HXCOf' 1 , 
2,3,4,7, a-PECDf' 1.3 ,J 
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Indiana Department of Environmental Management 
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1.2,3,4.7. ,-axCDF 2.4 B-J ltSOQL 
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1,2.3,7 ,I- PECDr 0.19 ,J ASOQL 
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rLtJOR!:HJ: " RSOOL 
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l'HKMAln'IIJUUfE ." ltSOQL 
PYREN8 ." II.SDQL 
Inorqa"ic;:s ("''l/k,) 
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CALCIUM 12400 oJ 
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COaAL1' , .. 
COPPU llJ 
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,~ 20. , 
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RELEASE 
MECHANISM 

.1 Overland Runoff/l J 
Erosion • • 

Residual Ash 1 
from the 

Burning of 
Rubbish and J Infiltrating 1 J 

Industrtlal "I Precipitation I "I 
Wastes, Metal 

---t 

Debris, and 
Decomposed J Wind I 

Drums I Erosion I 
J Volatile I "I Emissions 

• = COMPLETE EXPOSURE PATHWAY 

• 
FIGURE 5-13 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

. 

SECONDARY EXPOSURE 
SOURCE MEDIUM 

J • 
". 

Sediment 

• Surface 

1-+ Runoff 

/ .: Surface Water : 

Groundwater 1 
Discharge t Subsurface Soil :. r 

Soil r,. 
1. Groundwater : 

... 

1 
1 Air 

• T 

.I I Surface Soil 
I • 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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POTENTIAL 
RECEPTORS I/) I/) I/) ... ... ... 

Q) Q) Q) 
.lI: .lI: .lI: I/) ... ... ... ... 
0 0 0 Q) I/) 

:: :: :: I/) E ::::I Q) c:: Q) iii iii I/) "C 
0 U c:: ... 'iii 
~ c:: 0 c:: Q) 

ns 0 I/) Q) 

::l c:: "lii :;::; I/) a: ... Q) Co ns ns Q) 

EXPOSURE Ui ... ::l I!! Co ... 
c:: c:: u u I/) ::l 

MECHANISM 0 'iii u Q) I!! 'S 
0 :::!i: 0 a: ..... u.. 

Dermal Contact • • • 
I~estion • • • 
Inhalation 

Dermal Contact • • • 
Incidental Ingestion • • •• 
Inhalation 
Fish Ingestion 

Dermal Contact • 
Ingestion • 
Inhalation • 
Dermal Contact • • 
Ingestion • 
Inhalation • 
Inhalation • • • • • 
Dermal Contact • • • • • 
In~estion of soil • • • • • 
Inhalation . • • • • • 
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RELEASE 
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I Overland ,Runoff/ I 
ErOSion 

I 
.I Infiltrating 
'I Precipitation 

J Wind I 
-I Erosion I 

J Volatile I· 
'I Emissions 1 

• 
FIGURE 5-14 

ECOLOGICAL CONCEPTUAL SITE MODEL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

SECONDARY EXPOSURE 
SOURCE MEDIUM 

J I 

'. Sediment I 

/ 'I Surface Water ~ 
Groundwater I 

Discharge 
.: Subsurface Soil r r 

Soil 

~I Groundwater I -I 

.J, 
I Air I 
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J I Surface Soil '[ f 
• = COMPLETE EXPOSURE PATHWAY 

-------

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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POTENTIAL 
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Direct Contact • • • • 
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Direct Contact I. I • • • 
Inqestion • • • • 
Direct Contact 
Inaestion of soil 
Ingestion of prey 
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Direct Contact I 

Inqestion of water 
lnoestion of prey 

Inhalation • • 
Dermal Contact - soil • • • • 
Inaestion of soil • • • 
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6.0 SWMU 9 

NSWGGrane 
RFI Report for SWMUs 4, 5, 9, 10 

'Revision: 4 
Date: July 2005 

Section: 6 
Page 1 of 76 

This sectien describes the SWMU 9 (Pesticide Centrol/R-150 Tank Area) site investigatiens, physical 

characterizatien, nature and extent .of centaminatien, human and ecelegical risk assessment and 

cenclusiens. References are previded te ether sectiens .of this RFI repert fer relevant background 

infermatien and general data evaluatien procedures. 

a1 BACKGROUND 

Sectien 1.4.3 centains a descriptien .of the Pesticide Centrel/R-150 Tank Area. Sectien 1.5.3 centains a 

descriptien .of histerical data cellectien activities. Sectien 1.6.3 summarizes informatien en censtituents 
, 

feund in envirenmental media that may be attributable te histerical .operatiens at SWMU~, 9. These 
v i 

censtituents .of cencern wen~ used as the basis fer the SWMU 9 site investigatien described in this 

sectien. 

6.2 SITE INVESTIGATION 

The primary .objective .of the field investigatien was te cellect field and laberatery data te evaluate the 

petential risks fer human and ecelegical recepters. Figure 6-1 includes the sample lecatiens. Table 6-1 

summarizes the sampling and analysis pregram fer SWMU 9, the Pesticide Centrol/R-150 Tank Area. 

As depicted en Table 6-1, envirenmental samples cellected from the site were analyzed fer a 

cemprehensive field and laberatery analytical program. Field parameters were cellected fer ground water 

and surface water samples. 'Typical water-quality indicater parameters, such as turbidity, were cellected in 

the field. Seil samples were screened fer VOCs using menitering equipment (PID). 

The analytical pregram fer the Pesticide Centrol/R-150 Tank Area was develeped based en the chemical 

categeries represented by the list .of detected chemicals .of interest identified fer the site in Sectien 7.6 .of 

the Risk Assessment Werk Plan (TtNUS, August 2000a). 'Soil, sediment, surface water, and ground 

water samples were cellected and analyzed fer the full list .of Appendix IX censtituents (VOCs, SVOCs, 

pesticides, PCBs, inorganics), as well as ether miscellaneeus inerganics. Surface water samples were 

alse analyzed fer tetal and disselved inerganics, hardness, and TSS, and sediment samples were 

analyzed fer TOC te assist in assessing petential risks fer ecelegical recepters. Additienally, seil 

characteristic para,meters (CEC,pH, and TOC) were cellected te determine the likeliheed .of the petential 

fate and transpert .of centaminants at the site (and the petential fer risks .outside the site beundaries). 
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Ground water samples were not analyzed for dissolved inorganics since low-flow sampling procedures 

were used to minimize turbidity in groundwater samples. 

As noted previously, Figure 6-1 illustrates the sampling locations for the field investigation at the Pesticide 

Control/R-150 Tank·Area. Sample locations are in three distinct areas of the site: Building 55, Building 

2189, and the R-150 Tank Area. The rationale for the collection of these samples is as, follows: 

• Surface/subsurface soil (borings) (22 samples) - To ,assess the potential risks associated with residual 

soil contamination at SWMU 9, soil borings were installed at the site. Three borings were placed 

around the former location of Building 2189; one additional boring was placed west of the building at a 

location where the ground surface slopes toward an unnamed tributary. Four borings were installed at 

locations dispersed throughout the R-150 Tank Area. Two borings were placed around the former 

location of Building 55; one additional boring was placed west of the former building at a location 

where the ground surface slopes toward an unnamed tributary. A sample was collected from the 

surface' (0 to 2 feet bgs) and at a subsurface'depth (not greater than 10 feet bgs) determined in the 

field using screening techniques (i.e., from a depth correlated with the highest PID readings). 

• Ground water (13 samples) - Eight existing monitoring wells (09-02, 09-03, 09-04; 09-07, 09-10, 

09-12, 09-WTP5, and 09-WTP6) were sampled to assess the potential risks associated with the 

migration of soil constituents to ground water. Atotal of five new monitoring wells were installed at the 

site and sampled during this field effort. One well, 09T01, was located east of the former location of 

Building 2189 to assess upgradient water quality conditions. Well 09T02 was placed immediately 

downgradient of the R-150 Tank Area (i.e., west-northwest of the excavated tank). Three other wells, 

09T03 through 09T05, were placed near the former location of Building 55 to evaluate upgradient and 

doWngradient conditions at the building. Borings 09T01 A and 09T02B were drilled for explanation 

purposes to evaluate subsurface lithology and hydrogeology. The borings were grouted in place and 

090T01 and 09T02 monitoring wells were installed adjacent to borings 09T01A an~ 09T02A once the 

conditions were known. 

• Surface water (5 samples) and sediment (5 samples) - To assess the potential risks associated with 

migration (ground water discharge and surface runoff) of ground water and soil chemicals to surface 

water and sediment, collocated surface water. and sediment samples were collected from five 
. ' 

locations. Four sampling points were located in the unnamed tributary west of the former location of 

Building 2189 and the R-150 Tank. Locations in the tributary were sampled to evaluate upstream and 

downstream locations and to monitor the stream at locations potentially affected by surface water 

11.01 io/p 6-2 CTO 0010 

-----_.--_._-

• 

• 

• 



• 

• 

• 

. i 

NSWCCrane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 4 
Date: July 2005 

Section: 6 
Page 3 of 76 

runoff and/or ground water discharge. Surface water and sediment samples were also collected from 

a location potentially affected by surface 'water runoff and/or ground water discharge from Building 55. 

Section 2.0 contains details on field sampling procedures and field documentation. 

The data collected during the proposed field investigation were used to assess potential risks for human 

and ecological receptors exposed to site media under current and/or future land use. A description of how 

the data obtained during the field investigation were managed prior to use in the risk assessment is 

presented in Section 3.0. General methodologies and techniques used to calculate potential risks for the 

site are also provided in Section 3.0. 

6.3 PHYSICAL CHARACTERISTICS 

The Pesticide Control/R-150 Tank Area is located in the central portion of NSWC Crane, approximately 

5 miles northeast of the Burns City Gate No.2. The site (including space between the three distinct 

areas) occupies approximately 11 acres. Site operations were centered around the three areas (Building 

55, Building 2189, and the R-150 Tank Area) previously identified. The site is bounded on the east by 

Highway 45. Figure 6-1 shows these details for the Pesticide Control/R-150 Tank Area. 

6.3.1 Topography/Hydrology 

The topography at the site consists of undulating terrain dissected by many small drainageways. The 

SWMU lies along a northwestward slope. A road and railroad form a topographic high ridge that runs 

north-south along the eastern border of the SWMU. Surface water east of this ridge flows to the east 

through several drainage ditches that join to form a stream that flows south. Surface water runoff west of 

this ridge in the northern portion of the SWMU flows northwest into a stream. This stream conveys water 

in a southwest direction away from the northern SWMU area. A drainage ditch that originates from the 

. former tank area flows west and discharges into this stream. Surface water runoff in the southern portion 

of the SWMU is also toward the west into a stream that flows south and $outhwest away from the SWMU 

area. This stream ultimately joins with the stream that conveys surface water from the northern portion of 

the SWMU, further to the southwest. Both of thesE!.streams flow intermittent in their upstream reaches. 

These streams ultimately discharge into Boggs Creek . 

.! 
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The Pesticide Control/R-150 Tank Area is underiain by up to 10 feet of unconsolidated natural material 

overlying Pennsylvanian age sedimentary rocks of the Raccoon Creek Group Mansfield Formation. Soils 

mapped at the unit are representative of residual soils derived from the Pennsylvanian bedrock. 

Three hydrogeologic cross-sections have been developed for the Pesticide Control 1 R-150 Tank Area at 

locations shown on Figure 6-2, and are included on Figures 6-3, 6-4, and 6-5. Borings shown on these 

figures consist of those installed by TtNUS and seven historical borings installed by the U.S. Army Corp of 

Engineers (US ACE) which. includes borings 09/05-02, 09/05-04, 09/05-05, 09/05-06, 09/05-07, 09/05-10, 

and 09/05-11. The encountered subsurface materials included natural unconsolidated 'mate'rials and· 

bedrock. The natural unconsolidated materials are extensive across the SWMU area and consist 

primarily of silt and clay. Bedrock was encountered at depths as shallow as 5 feet bgs and consists 

primarily of sandstone with lenses of siltstone,shale, and coal. 

6.3.3 Hydrogeology 

Ground· water is present beneath the Pesticide Control/R-150 Tank Area in both the natural 

. unconsoli,dated materials and the bedrock. The depth to ground water ranges from less than 5 feet bgs in 

topographic low areas near surface water bodies to approaching 25 feet bgs at the higher elevations. The 

majority of the monitoring wells at the site were completed within the first ground water yielding unit 

encountered during ~rilling'; which exi~tedin either the natural unc<;>nsolidated material or the shallow 

bedrock. The ground water. moves through the unconsolidated material or in fractures in the shallow 

bedrock and appears to be· hydraulically connected. This shallow ground- water system flows generally 

west and southwest as shown on Figure 6-6 toward the stream valleys which serve as ground water, 

discharge points. , The shallow gro.und water flows at an approximate gradient of· 0.08. 'One of the 

,previously installed wells (0914A, see Figure 6-4) was installed deeper in the bedrock in an interbedded 

shale and sandstone. This well was found to contain no ground water during the synoptic water level 

measurement activity performed by TtNUS. A shale unit was also encountered less than 10 feet beneath 

the ground in this boring. It may be possible that shallow ground water becomes perched on the shale 

.and other lower permeable units that act as localized aquitards within the bedrock; therefore, limiting the 

vertical hydraulic connection in the bedrock. 

6.4 NATURE AND EXTENT OF CONTAMINATION 

Soil (surface and subsurface), ground water, surface water, and sediment samples were collected from. 

SWMU 9 and analyzed for the presence of site-related contamination during the investigation phase of 
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this RFI. Based on analytical data obtained during this investigation, the nature and extent of 

contamination in the soil, ground water, surface water, and sediment at SWMU 9 are discussed on a 

matrix-specific basis in the following sUbsections. 

Soil samples at each SWMU were classified according to the soil types defined in the NSWC Crane 

.. Basewide Soil Background Study (TtNUS, 2001). Each soil type is defined by the characteristics of soil· 

parent material (depositional environment), depth (surface or subsurface), ·and grain size (sand, silt, or 

clay). The soiUypes were gathered into soil groups that reflect different classifications of soil throughout 

NSWC Crane .. SWMU 9 surface soils are classified as Group 3 and subsurface soils are classified as 

Groups 8 and 9. The following are descriptions ofthese soil types: 

• Group 3 - Alluvial, Mississippian, and Pennsylvanian Surface Soil • 

• Group 8 - Pennsylvanian Subsurface Clay and Silt 

• Group 9 -Pennsylvanian Subsurface Sand 

. Metal concentrations in each soH group from a given SWMU were compared to metal concentrations from· 

the corresponding background soil group. Thes,e comparisons used the entire dataset from the 

background study for a given soil group and allSWMU samples of the corresponding soil group. The 

outcome of each comparison was a classification of each metal at a given SWMU as be,ing statistically 

determined to be either elevated or not elevated relative to background concentrations, unless the data 

indicates that the contaminants (e.g., laboratory related) are from non:siterelated sources. 

No background samples were collected for ground water, surf~ce water, and sediment; how~ver, at least 

one upgradient sample per medium was collected. These upgradient samples are treated as background, 

and direct comparisons to these upgradient values are discussed in the ground water, surface water, and 

sediment sections. 

The Risk Assessment work plan (TU.,jUS, August 2000) provides a tabular ?ummary and text discussing 
, , 

historical analYtical results for SWMU- 9 media. Some discussion from the work plan as relevant is 

referenced in this nature and extent discussion for SWMU 9. 

6.4:1 Surface Soil 

. As detailed in Table 6-1 and Section 6.2, 11 surface soil samples were collected to evaluate the nature 

and extent of contamination. All 11 surface soil samples were analyzed for Appendix IX VOCs, Appendix 
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IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, TAL metals (plus tin), and 

cyanide. Additionally, three surface soil samples were analyzed for CEC, pH, and TOC. 

Table 6-2 presents a summary of the reported results for compounds detected in the'surface soil samples 

collected from SWMU9. Table 6-3 presents a summary of descriptive statistics for surface soil detections 

including range ,of detections, frequency of detection, location of maximum, and comparison to 

background concentrations. Appendix E.1.3 contains a copy of the entire analytical database for SWMU 9 

surface soil. Figures 6-7 and 6-8 present a geographical depiction of organic and inorganic detections ih 

surface soil, respectively. If the concentration of an organic or inorganic chemical exceeded a risk-based 

or applicable regulatory concentration criterion, a flag (e;g., R5DQL) on the tag at the affected sampling 

location shows this on Figure 6-8. If an inorganic chemical was detected at a particular location and the 

site data set for that chemical was elevated as compared to the corresponding background data set'(Soil 

Group 3), the result was flagged with "BACK" at all locations where samples from Soil Group 3 were 

collected. If i'BACK" does not appear next to the result for an inorganic chemical, it means that the 

chemical was detected at that location but the chemical concentrations for that soil group are not elevated 

relative to background concentrations. 

Volatile Organic Compounds 

Methylene chloride was detected in five of the 11 surface soil samples analyzed. Methylene chloride 

concentrations ranged from 4 Ilg/kg to 6 Ilg/kg. This compound was detected in samples 09SB01 01 02 

and 09SB030102 in the'vicinity of former Building 2189, in sample 09SB080102 in the vicinity of former 

R-150 Tank Area, and in samples 09SB090102 and 09SB1 001 02 in the vicinity of former Building 55. ' 

This compound is considered a common laboratory contaminant, and the low concentrations (i.e., near 

the detection limit of 5 Ilg/L) found in these SWMU 9 soils are similar to those concentrations commonly 

found in' laboratory method blanks and are therefore. not likely site-related. See Section 3.1.4.2 for a 

detailed discussion regarding methylene chloride concentrations detected in laboratory blanks. 

Semivolatile Organic Compounds 

, ,Seventeen PAHs and di-n-butyl phthalate were detected in surface soil samples; no other semivolatiles 

were detected. Di-n-butyl phthalate was detected in sample 09SB020002 at a concentration of 

1,200Il9/kg. Maximum detected concentrations of the PAHs ranged from 18 Ilg/kg (ace naphthyl en e) to 

1 ;800 Ilglkg (2-methylnaphthalene)., PAHs were detected in from one to five of 11 samples collected. All 

17 PAHs were detected in sample 09SB030002; the maximum detected concentrations of 14 of these 17 

• 

PAHs were also found in this sample. Sample 09SB030002 was collected just south of former Building • 
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2189. Maximum concentrations of the remaining three PAHs (2-methylnaphthalene, naphthalene, and 

phenanthrene) were found in sample 098B090002, which is located in the vicinity of former Building 55. 

Benzo(b)fluoranthene, benzo(g,h,i)perylene, chrysene, fluoranthene, and pyrene were the most frequently 

detected PAHs (detected in five of 11 samples). 

. . 

. In general, there was no distinguishable p~ttern of PAH contamination. As shown in Figure 6-7, samples 

098B090002 and '098B030002 were collected in the eastern portions of the site. The eastern border of 

the site is Highway 45. The PAHs may be attributable to asphalt, road traffic, or waste oil. The presence 

of di-n-butyl phthalate in sample 098B020002 (located on the western side of Building 2189) may be 

resultant of site activities because di-n-butyl phthalate is used in pesticide formulation. Pesticide spray 

tailksand containers were reportedly rinsed on the western side of Building 21189. 

Pesticides/PCBs 

4,4'-00T and methoxychlor were the only pesticides detected in the surface soil samples. These 

pesticides· were detected in sample 098B090002 at concentrations of 4.7 Ilg/kg and 25 Ilg/kg, 

respectively. This sample is located in the southern portion of the site near the location of Former Building 

55. It is likely that the pr~sence of these pesticides is attributable to past site activities such as spraying 

and possibly release thro~gh disposal. 

No PCBs were detected at 8WMU 9 in surface soils. 

Herbicides 

The herbicides 2,4-0, dinoseb, and pentachlorophenol were detected at 8WMU 9. 2,4-0 was detected in 

sample 098B040002 (20 Ilg/kg). Oinoseb was detected in sample 098B080002 at a concentration ·of 

14 Ilg/kg. Pentachlorophenol was detected in samples· 09,8B020002 (3.5 Ilg/kg) , 098B040002 

(2.0 Ilg/kg), and 058B070002 (1.2 Ilg/kg). 8amples 098B020002 and 098B040002 were collected west 

of former Building 2189. 8ample 098B080002 was located west of the former R-150 Tank, and sample 

098B070002 was collected north of the former R-150 Tank. It is likely that the presence of these 

pesticides is attributable to past site activities such as spraying and possibly release through disposal. 

'Metals 

As displayed in Table 6-3, 18. metals were detected in the surface soil samples. Beryllium, selenium, 

silver, sodium, thallium, and tin were not detected in any of these surface soil samples. Of the 18 

detected metals, aluminum, arsenic, barium, chromium, cobalt, iron, manganese, nickel, and vanadium 
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were detected in all 11. samples at concentrations statistically determined to be similar to background 

concentrations. Cadmium and mercury, were detected in one and five of 11 samples, respectively, but at 

concentrations statistically determined to be similar to background concentrations. Additionally, three of 

the detected metals (calcium, magnesium, and potassium) are considered to be essential nutrients and 

will not be discusse~ any further. 

Antimony, copper, lead, and zinc concentrations were statistically determined to exceed the background 

concentrations .. Antimony was ·detected in two of 11 s~mples at concentration? ranging from 0.97 mg/kg 

to 3.1 . mg/kg; the maximum was' in 098B060002. Copper was detected in all 11 samples at 

concentrations ranging from 7.6 mg/kg to 20.1 mg/kg; the maximum Was in sample 098B 100002. Lead 

was also detected. in all 11 samples at concentrations ranging from 8.6 mg/kg. to 34.9 mg/kg; the. 

maximum was in sample 098B 100002. Zinc was detected in all 11 samples. at concentrations ranging 

from 30.3 mg/kg to 120 mg/kg; the maximum was in sample 098B060002. 8ample 098B060002 is 

located just north of the former R-150 Tank, and sample 098B100002 was collected in the vicinity of 

former Building 55 (Figure 6-8). 

As shown in Figure 6-8, metals were frequently detected but were not detected in any apparent pattern. It 

is unlikely that these metals concentrations are related to site activities, as evidenced by the few metals 

detected above background concentrations and the low concentrations of these metals. 

Miscellaneous Parameters 

Cyanide was not detected in 8WMU 9 surface soil. Only samples 098B040002, 098B050002, and 
. . 

098B070002 were analyzed for miscellaneous parameters. The TOCral")ged from 5,700 mg/kg to 

8,500 mg/kg. The CEC ranged from 8.4 MEQ/100 9 to 11 MEQ/100 g. The pH ranged from 6.9 to 8.0, 

which is relatively neutral. I 

6.4.2 Subsurface Soil 

As detailed in Table 6-1 and 8ection 6.2, 1.1 subsurface soil samples were collected to evaluate the nature 

and extent of contamination. All 11 subsurface soil samples were analyzed for Appendix IX VOCs, 

Appendix IX 8VOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, TAL metals 

(plus tin), and cyanide. Additionally, five subsurface soil samples were analyzed for CEC, pH, and TOC: 

Table 6-4 presents a summary of the positive results reported for co~pounds detected in the subsurface 

soil samples .collected from 8WMU 9. Table 6-5 presents a summary of. descriptive statistics for positive 
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subsurface soil detections including range of detections, frequency of detection, location of maximum, and 

comparison to background. Because two different soil groups comprise subsurface soil at this SWMU, 

the table displays an exceedance of background concentrations if either soil group exceeded its 

respective background values. Figures described below indicate background exceedances for soil group

specific background comparisons .. Appendix E.1.3 contains a copy of the entire analytical database for 

SWMU 9 subsurface soil. Figures 6-9 and 6-10 present a geographical depiction of organic and inorganic 

detections in subsurface soil, respectively. If the concentration of an organic or inorganic chemical 

exceeded a risk-based or applicable regulatory concentration criterion, a flag (e.g., R5DQL) on the tag 

map at the affected sampling location is shown on the figure. If an inorganic chemical was detected at a 

particular location and the site data set for that chemical was elevated as compared to the corresponding 

background data set (Soil Group 8 or 9), the result was flagged with "BACK" at all locations where 

samples from that soil group were collected. If "BACK" does not appear next to the result for an inorganic 

chemical, it means that the chemical was detected at that location but the chemical concentrations for that 

soil group are not elevated relative to background concentrations. 

Volatile Organic Compounds 

Three VOCs (methylene chloride, tetrachloroethene, and trichloroethene) were detected in one to six of 

the 11 subsurface soil samples. The detected VOCs are common solvents. Methylene chloride was 

detected in six of the 11 subsurface soil samples analyzed. Methylene chloride concentrations ranged 

from 3 Ilg/kg to 6 Ilg/kg. These concentrations of methylene chloride are similar to those found in 

laboratory blanks. See Section 3.1.4.2 for a detailed explanation of methylene chloride found in laboratory 

blanks. Additionally, methylene chloride was detected at similar concentrations in surface soil samples 

and in some of the same sample locations. The available evidence suggests that the methylene chloride 

concentrations are a laboratory contamination artifact rather than an indication of a methylene chloride 

release at this SMWU. Tetrachloroethene and trichloroethene were detected in sample 09SB070709 at 

concentrations of 4 Ilg/kg and 18 Ilg/kg, respectively. Sample 09SB070709 is locat,,:d in the vicinity of 

former R-150 Tank. The tank is known to have contained chlorinated hydrocarbons. Tetrachloroethene 

and trichloroethene were not detected in surface soil. These two chemicals are likely to be related to site 

activities. 

Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate was. the only semivolatile compound detected in subsurface soil samples. 

Bis(2-ethylhexyl) phthalate was detected in sample 09SB070709 at a concentration of 660 Ilg/kg. There is 
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no known source of this compound at SWMU 9; however, bis(2~ethylhexyl) phthalate is a common 

component of plastics and is commonly detected in environmental media. 

;PesticideslPCBs 

No pesticide co~pounds were detected in subsurface soil samples . 

. Arocior 1254 was' detected' in sample.09S8070709 at a concentration of 460 Ilg/kg. PC8s were not 

·detected in any of the surface soil samples. Sample 09S8070709 is located in the viciriity of the former 

R-150 Tank, which w'as known to contain chlorinated hydrocarbons: The presence of Arocior 1254 is 

:;'probably related to past disposal activities at this site because the observed concentration is relatively hi~h 

(Le., greater than 250 Ilg/kg). This level of detection in a single sample may indicate an isolated 

contamination hotspot. However, the PC8 concentration (460 Ilg/kg) is below the TSCA remediation level 

of 1,000 Ilg/kg contained in TSCA regulations [40 CFR§761.61 (a)(4)(i)(A)] for high occupancy areas. 
. . 

.. Herbicides 

The herbicide pentachlorophenol was detected at SWMU 9. Pentachlorophenol was detected in sample 

09S80110406 at a concentration of 1.4 Ilg/kg. Pentachlorophenol was detected more frequently in 

surface soil samples but at approximately the same concentration. However, pentachlorophenol was not 

detected in the surface soil sample collected from location 09S811. 

Metals. 

As displayed in Table~6-5, 18 metals were detected in the subsurface. soil samples. Cadmium, selenium, 

silver, sodium, thallium~ and tin were not detec~ed in any of these subsurface soil samples. Of the 18 

detected metals, arsenic and vanadium were detected in all 11 samples at concentrations statistically 

determined to be similar to backgrouild ~oncentrations. Antimony and mercury were' detected at low 

'. frequencies (in two of 11 samples) but at concentrations statistically determined to. be similar to 

background concentrations.. Additionally, three of the detected metals (calcium, magnesium, and 

potassium) are considered to be essential nutrients and will not be discussed any further. 

'Aluminum, arsenic, barium; chromium, copper, iron, lead, nickel, vanadium, and zinc concentrations were 

statistically determined· to exceed background concentrations' for Soil Group 9. These metals were 

detected in all.11 samples. ,The maximum detected concentrations of these metals were divided among 

several sample locations but the concentrations are gen'erallY comparabl~ to Soil Group 8conc:entrations . 

This is discussed further in Section 6.4.6. 
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As shown in Figure 6-10, metals are frequently detected but are not detected in any apparent pattern. The 

same metals detected in surface soil were detected in these subsurface soil samples;' however, " 

concentrations of the majority of these metals exceed backgrourid concentrations in subsurface soil. 

Miscellaneous Parameters 

Cyanide was not detected in subsurface soil samples. 

Only samples 09SB01 081 0, 09SB030406, 09SB080406, 09SB090810, and 09SB100204 were analyzed 

,for miscellaneous parameters. TOC ranged from 1,200 'mg/kg to 6,500 mg/kg. CEO, ranged from 

7.4 MEQ/100 g to 13 MEQ/1 00 g. The pH ranged from 4.3 to 6.9, respectively, which ranges from slightly 

acidic to neutral. 

6.4.3 Ground Water 

As detailed in Table 6-1 and Section 6.2, 12 ground water samples and one upgradient ground water 
. . . . . 

sample (09GWTP0601) were collected to evaluate the nature and extent of contamination., All ground 

water samples were analyzed for Appendix ix VOCs, Appendix IX SVOCs, Appendix IX pesticides, 
. . . .' . . . . 

Appendix IX PCBs, Appendix IX herbicides, total TAL metals (plus tin), and cyanide. None of the samples 

, were analyzed for dissolved TAL metals. 

Table 6-6 presents a summary of the positive results reported for compounds detected in the ground 
, , 

water samples collected from SWMU 9. Table 6-7 presents a summary of descriptive statistics for 

'positive ground water detections including range of detections, frequency of detection, location of 
- , ' 

maximum, and comparison to upgradient concentration. Appendix E.1:3 contains a copy of the' entire 

,analytical database fo/~ SWMU 9 ground water. Figure 6-11 presents a geographical depiction of organic' 

and inorganic detection in ground water. If the concentration of an organic or inorganic chemical 

exceeded a, risk-based or applicable regulatory concentration criterion, ,a flag (e.g., R9TAP) on the 'tag 

map at the affected sampling location is shown on the figure~ If a detected organic or inorganic chemical 
, " 

, concentration at a particular location exceeded the upgradient concentration" this was indicated with a 

"UP" flag at the affected location. If "UP" does not appear on the tag map it means the, chemical was 

detected at that location, but the concentration was less than the upgradient concentration. 
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The VOCs, 1,1, 1-trichloroethane, '1, 1-dichloroethane, '1, 1 ~dichloroethene, cis-1,2-dichloroethene, 

methylene, chloride, and trichloroethene were detected in SWMU 9 ground water samples. 

1,1,1-Trichloroethane, 1, 1-dichloroethane, and 1, 1-dichloroethene were detected in sample09GW0301 at 

concentrations of 26 Ilg/L, 14 Ilg/L, and 6.4 'llg/L, respectively. Cis-1 ,2-Dichloroethene was detected in 

09GW0301 (69 Ilg/L ) , 09GW0401 (130 Ilg/L) , and 09GWT0201 (1.7 Ilg/L). Methylene chloride was 

detected in sample 09GW0401 at a concentration of 58 Ilg/L. Trichloroethene was detected in samples 

09GW0301 (55 Ilg/L) and 09GW01001 (1 Ilg/L). 

According to the Work Plan for Risk Assessment at SWMUs 4, 5, 9, and 10 (TtNUS August 2000a), 

during a previous investigation in July 1983 (NEESA, 1983), four soil borings (09WTP-1 through 

09WTP-4) were drilled on each side of the R-150 Tank. Ground water and soil samples, were collected 
, . 

from the borehole wells. The analytical results for these samples indicated that the tank had leaked and 

that hazardous constituents (VOCs) had been released to the surroundi~g environment. The tank was 

subsequently excavated and removed from the site in September 1983. . The lOcations of 09WTP-1 ' 

through 09WTP-4 are shown on Figure 6-11. 

Well 09-03 is located southwest of the former tank, and the ground water sample from this well contains 

five of the six detected VOCs. Well 09-10, which is southeast of the historic locations, contains 

trichlorethene .at 1 Ilg/L. Well 09-04; which is west of wells 09WTP-1 through 09WTp·:4, contains 

cis-1,2-dichloroetheneat 130 Ilg/L and methylene chloride at 581lg/L. Well 09T02, which is northwest of 

the historic wells, contained cis-1 ,2-dichloroethene at 1.7 Ilg/L. Wells located farther north (northwest and 

northeast) and farther south (southwest and southeast) do not contain VOCs. 

Some of these VOCs were also detected in subsurface soil sample 09SB070102 at SWMU 9, which is 

located just south of historic well location 09-WTP03. The presence of these VOCs in ground water is 

likely a result of leakage from the former R-150 Tank. 

Semivolatile Organic Compounds 

No SVOCs were detected in SWMU 9 ground water. 

Pesticides/PCBs 

. Dieldrin was detected in sample 09GWT0101 at a concentration of 0.03 Ilg/L. This sample is located on 

the eastern side of former Building 2189. No other pesticides were, detected in SWMU 9 ground water 
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samples. It is possible that the presence of this pesticide is resultant of pesticide handling activities 

conducted at SWMU 9. However, the low frequency of detection indicates contamination is very limited. 

Dieldrin was not detected in surface or subsurface soil at SWMU 9. 

No PCBs were detected in SWMU 9 ground water. 

Herbicides 

2,4,S-T and 2,4,S-TP (Silvex) were each detected in a single ground water sample. 2,4,S-T was detected 

in sample 09GWT0101 at a concentration of 0.13 Ilg/L, and 2,4,S-TP was detected in sample 09GW1201 

at:a. concentration of 0.17 Ilg/L. Saf!1ple 09GWT0101 was collected along the eastern side of former 

Building 2189. Sample 09GW1201 was collected from the westernmost sample location at SWMU 9 

(west of the former R-1S0 Tank Area). It is possible that the presence of these herbicides is the result of. 

SWMU 9 activities. However, the low frequency of detection indicates contamination is. very limited. 

Thel?e herbicides were not detected in surface or subsurface soil samples collected at SWMU 9. 

Metals 

As displayed in Table 6-7, 16 metals were detected in these ground water samples. The maximum 

detected concentrations of these 16 metals were in excess of respective upgradient concentrations. 

Antimony, cadmium, chromium, silver, thallium, mercury, potassium, and tin were not detected in these 

ground water samples. Three of the detected metals (calcium, magnesium, and sodium) are con~idered 

to be ·essential nutrients and will not be discussed any further. 

As displayed in Table 6-7, arsenic, barium, and manganese were detected in all 12 groundwater samples 

at maximum concentrations of 4.3 pg/L,.323 Ilg/L, and 7,920 Ilg/L, respectively; these all occurred in 
. . 
sample 09GW0201. Aluminum and beryllium were both detected in two of 12 samples. The maximum 

detected concentrations· of aluminum (1,290 Ilg/L) and beryllium (4.4 Ilg/L) were found in sample 

0~GWT0201. Lead was detected in sample 09GW0401 at a concEmtration of 1.1 Ilg/L. Vanadium was 

detected in sample 09GWT0101 at a concentration of 2.1 Ilg/L. Zinc and nick~1 were both detected in six 

of 12 samples. The maximum detected concentrations of zinc (166 Ilg/L) and nickel (279 Ilg/L) were 

found in sample 09GWT0201. Copper was detected in four of 12 samples at concentrations ranging from 

2 Ilg/L to 8.4 Ilg/L; the .maximum detection occurre'd in sample 09GWT0201. Cobalt was detected in 

seven of 12 samples at concentrations ranging from 11.6 Ilg/L to 109 Ilg/L; the maximum occurred in 

sample 0909GWT0201. Iron was detected in 11 of 12 samples at concentrations ranging from 136 Ilg/L 

• to 37,300 Ilg/L; the maximum was in sample 09GW0201. Selenium was detected in three of 12 samples 
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at concentrations" ranging from 1"2 f.lg/L to 1.7 f.lg/L. The maximum detected concentration of selenium 

occurred in sample 09GWT0201. 

Barium, iron, manganese, selenium, and zinc were detected in theupgradient sample (09GWTP060t). 

The concentrations of these metals" in sample 09GWTP0601 were less than those detected in 

downgradient samples. 

The maximum detected concentrations were divided among five of the 12 sample locations. As shown in 

Figure 6-11, there does not appear to be a pattern of metals contamination in the ground water. These" 

metals were also detected in surface and sub~urface soil samples at SWMU 9~ These metals do not" 

coincide with significant VOC, pesticide, or herbicide detections. Maximum detections occurred most 

frequently in samples 09GW0201 an~ 09GWT020f. Well 09-02 is located west of former Building 2189 

and Well 09T02 is northwest of the former R-150 Tank. 

Miscellaneous Parameters 

Cyanide was not detected in these ground water samples. 
" " 

6.4.4 Surface water 

As detailed in Table 6-1 and Section 6.2, four surface water samples and one upgradient surface water 

sample (09SW01 01) were collected to evaluate the nature and extent of contamination. The surface 

water samples were analyzed for. Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, 

Appendix IX PCBs, Appendix IX herbicides, total and dissolved TAL metals (plus tin), cyanide, hardness, 

and total suspended solids. The upgradient sample was 09SW01 01. 

Table 6-8 presents a summary of the positive results reported for compounds detected in the surface 

water samples collected from SWMU 9. Table 6-9 presents a summary of descriptive statistics for 

positive surface water detections including range of detections, frequency of detection, location of 

maximum,and comparison to upgradient concentration. Appendix E.1.3 contains a copy of the entire 

analytical database for SWMU 9 surface water. Figure 6-12 presents a geographical depiction of organic 

and inorganic detecfions in surface water. If the concentration of an organic or inorganic chemical 

"exceeded a risk-based or applicable regulatory concentration" criterion, a flag (e.g., R9TAP) on the tag 

map at the affected sampling location is shown on the figure. If a detected organic or inorganic chemical 

concentration at a particular location exceeded the upgradient concentration, this was indicated with a 
" . 
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"UP" flag at the affected location. If "UP" does not appear on the tag map it means the chemical was 

detected at that location, but the concentration was less than the upgradient concentration. 

Volatile Organic Compounds 

No VOCs were detected in SWMU 9 surface water samples. 

Semivolatile Organic Compounds 

No SVOCs were detected in SWMU 9 surface water samples. 

Pesticides/PCBs 

No pesticide/PCBs were detected in SWMU 9 surface water samples. 

Herbicides 

2,4-D was detected in sample 09SW0201 at a concentration of 0.18 Ilg/L, which is just two times the 

detection limit. This sample is located about 400 feet west of former Building 2189 and the concentration. 

does not exceed any risk based criteria. 

Metals 

As displayed in Table 6-9, 15 metals were detected in the· downgradient surface water samples. 

Beryllium, cadmium, chromium, silver, selenium, ~hallium, mercury, and tin were not detected .in these 

surface water samples. Four of the detected metals (calcium, magnesium, potassium, and sodillm) are 

considered to be essential nutrients and will not be discussed any further. 

Arsenic, barium, iron, and manganese were detected i':1 all four surface water samples. The maximum 

detected concentrations of arsenic, barium, and iron were found in sample 09SW0501. The maximum 

,detected concentration of manganese was found in sample 09SW0201. The remaining detected metals 

were present in from one to two of the four samples collected. Maximum detected concentrations of the 

majority of the metals detected in surface water were found in sample 09SW0501. 

Of the 15 metals, the maximum detected concentration of antimony was in excess of upgradient 

concentrations. Antimony was detected in sample 09SW0501 at a concentration of 1.6 Ilg/L. This sample , . 

was collected in the southernmost location at SWMU 9 (southwest of former Building 55). 
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. The surface water samples were also analyzed for dissolved metals. All the metals detected in the total 

"(unfiltered samples)·, except aluminum, were detected in the dissolved (filtered) metals samples. The 

concentrations and frequencies of detection of these metals were similar to those found in the total 

(unfiltered) samples; however,the majority of the dissolved metals concentrations were in excess of 

upgradient concentrations. Dissolved· concentrations of barium· was the only metal not in. excess of 

dissolved upgradient concentrations. The maximum detected concentrations of all metals except 

. manganese were detected in sample 09SW0501, which,. as noted above, was collected in .the 

southernmost location at SWMU 9 (southwest of former Building 55) .. 

'As shown in Figure 6-12, there does not appear to be a pattern of metals contamination in the surface 

water. Also of note, the upgradlent (background) sample 09SW0101 contained metals concentrations in 

excess of those found in the other surface water samples at SWMU 6. However, the dissolved (filtered) 

results for this sample were very similar to metals res.ults for all other samples collected within SWMU 9. 

Additionally the TSS results for sample 09SW0101 were one order of magnitude greater than in the other 

samples substantiating that the elevated metals in the unfiltered (total) sample were due to suspended 

solids. These metals were also detected in surface soil, subsurface soil, and ground water samples at 

SWMU 9. These metals do not coincide with significant VOC, pesticide, or herbicide detections. 

Miscellaneous Parameters 

Cyanide was not detected. The hardness of these samples ranged from 70 mg/L to 180 mg/L, and the 

. total suspended solids ranged from 3 mg/L to 10 mg/L. Sample 09SW0501 possessed the maximum 

hardness value, and sample 09SW0401. possessed the r;naximum total suspended solids value. 

6.4.5· Sediment 

As detailed in Table 6-1 and Section 6.2; four sediment samples and one upgradient sediment sample 

09SD010006 were collected to evaluate the nature and extent of contamination. All sediment samples 

were analyzed for Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, Appendix 'IX PCBs, 

Appendix IX herbicides, TAL metals (plus tin), cyanide, and total organic carbon. 

Table 6-10 presents a summary of the positive results reported for compounds detected in the sediment 

samples collected from SWMU 9. Table 6-11 presents a summary of descriptive statistics for positive 

sediment detections including range of detections, frequency of detection, location of maximum, and 

comparison to upgradient concentrations. Appendix E1.3 contains a ~opy of the entire analytical database • 
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for SWMU 9 sediment. Figure 6-13 presents a geographical depiction of organic and inorganic detections 

in sediment. If the concentration of an organic or inorganic chemical exceeded a risk-based or applicable 

regulatory concentration criterion, a flag (e.g., R50QL) on the tag map at the affected sampling location is 

shown on the figure. If a detected inorganic .chemical concentration at a particular location exceeded the 

upgradient concentration, this was indicated with a "UP" flag at the affected location. If "UP" does not· 

appear on the tag map it means the chemical was detected at that location, but the concentration was less 

than the upgradient concentration. 

Volatile Organic Compounds 

Methylene chloride was the only VOC detected in these sediment samples. Methylene chloride was 

detected in sa~ples 09S0030006 and 09S0040006, both ata concentration of 4 ~g/kg. Methylene 

chl.oride was also detected at a concentration of 8 ~g/kg in sample 04S0010006, which was co!lected . 

upgradient of SWMU 9. This compound is considered a common laboratory contaminant, and the low 

concentrations (i.e., nea·r the detection limit 4 ~g/kg) found in these SWMU 9 sediments are siniilar to 

those concentrations commonly found in laboratory ·method blanks. Methylene chloride was also detected 

in surface and subsurface soil samples from SWMU 9 at concentrations that were also near the detection 

limit of 4 ~g/kg. 

Semivolatile Organic Compounds 

. Fluoranthene was the only semivolatile compound. detected in site-related sediment samples. 

Fluoranthene was detected at a concentration of 1 0 ~g/kg in sample 09S0030006, which was collected 

west of· the former R-150 Tank Area. This PAH was· also detected in one surface soil sample in the 
. . . ' . 

vicinity of the former R-150Tank. However, PAHswere not detected in subsurface soil, ground water, or 

surface water samples from this area. 

The upgradient sediment location (09S0010006) for SWMU 9 contained benzo(b)fluoranthene (14 ~g/kg), 

chrysene (11 ~g/kg), and pyrene (14 ~g/kg) indicating that these PAHs may not be site related but may be 

the resultant of roadway runoff as PAHs are components of vehicular exhaust and asphalt. 

Pesticides/PCBs 

No pesticides were detected in SWMU 9 sediment samples . 

Aroclor 1248 was detected in sample 09S0030006 at a concentration of 380 ~g/kg, which was collected 

west of the former R-150 Tank Area. The only other detection of PCBs in any media was in subsurface 
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soil sample 09SB070~09. This soil sample was collected in the vicinity of the former R-150 Tank, which 

was known to contain chlorinated hydrocarbons: The presence of Aroclor 1248 is probably related to past 

disposal activities at this site because the observed concentration is relatively high (i.e., greater than 

3501l9/kg). These sample locations are about 400 feet from each other and suggest that the area of 

contamination is associated with the former R-150 Tank. 

Herbicides 

Herbicides were not detected in any sediment samples collected for SWMU 9. However, the upgradient 

sediment location for SWMU 9 contained dinoseb (8.2 Ilg/kg) and pentachlorophenol (2.7 Ilg/kg), 

indicating that these herbicides may not be site related but are resultant of basewide applications. This 

would be consistent with the spotty detections of herbicides at SWMU 9. 

Metals 

As displayed in Table 6-11, 16 metals were qetected in .these sediment samples. Of these 16 metals, the 

maximum detected concentrations of aluminum, antimony, arsenic, barium, copper, chromium, cobalt, 
. . '.' 

iron, lead, magnesium, manganese, potassium, vanadium, and zinc were in excess of respective .. 

upgradient concentrations. Three of the detected metals (calcium, potassiurry, and magnesium) are 

considered to be essential nutrients and will not be discussed any further. Of the metals detected above 

upgradient concentrations, antimony was the only metal that was detected in less than all four samples. 

Antimony was detected only in sample 09S0020006 at a concentration of 1.3 mg/kg. 

The remaining metals were detected in all four samples. Maximum detected concentrations for 

aluminum, copper, and chromium "were found in sample 09S0050006. Maximum detection 

concentrations of arsenic; barium, iron, lead, manganese, vanadium, and zinc were found in sample 

09S0030006. The maximum detected concentration of cobalt was found in sample 09S0040006. 

" Aluminum concentrations ranged from 5,470 mg/kg to 10,800mg/kg. Chromium concentrations ranged 

from 11.1 mg/kg to 1"3" mg/kg. Arsenic concentrations ranged from 0.77 mg/kg to 6.1 mg/kg. Iron 

concentrations ranged from 15,700 mg/kg to 18,600 mg/kg. Manganese concentrations ranged from 

86.8 mg/kg to 1,300 mg/kg. Vanadium detections ranged from 12.2 mg/kg to 21.2 mg/kg. Zinc 

concentrations ranged from27.7 mg/kg to 95.3 mg/kg. Cobalt concentrations ranged from 4.8 mg/kg to . 

14.5 mg/kg. Barium concentrations ranged from 39.3 mg/kg to 103 mg/kg. Copper concentrations 

ranged from 9 mg/kg to 27.7 mg/kg. Lead concentrations ranged from 6.6 mg/kg to 27.7 mg/kg; 
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As shown in Figure 6-13, the concentrations of metals detected across SWMU 9 sediment are similar. 

The concentrations of 'metals detected in sediment samples collected within SWMU 9 (including the 

upgradient location 09S0010006) are generally within one order of magnitude of each other. These 

metals were also detected in surface soil, subsurface soil, ground water, and surface water samples at 

SWMU 9. 

Miscellaneous Parameters 

Cyanide was not detected in these sediment samples. The TOC ranged from 1,600 mg/kg (09S0050006) 
. ! I . 

to 14,000 mg/kg (09S0040006) in these sediment samples. 

6.4.6 Summary 

Methylene chloride was the only VOC detected in surface soil samples at SWMU 9. Methylene chloride 

was also detected in subsurface soil samples. In addition, tetrachloroethene and trichloroethene were 

also detected in subsurface soil samples. In general, the concentrations of ,the VOCs detected in both 

surface and subsurfa?e soil were low (Le., less' than 20 ~g/kg). Methylene chloride and chlorinated 

hydrocarbons (1,1, 1-tric~!oroethane, 1, 1-dichloroethane, 1, 1-dichloroethene, cis-1,2-dichlorethene, and 

trichloroethene) were detected in ground water at SWMU 9; most notably in two wells (09-03 and 09-04) 

located near the former R-150 Tank. No VOCs were detected in surface water samples. Methylene 

chloride was detected in sediment samples. 

Even though methylene chloride was detected in most media, it was detected infrequently and at low 

concentrations (near the detection limit) except in ground water. In ground water, it was detected in a 

'single sample (09GW0401) at a concentration of 58 ~g/L. Based on these results in which no 

contamination pattern exists, the lack of association with operational history (i.e:, pesticide use),and low 

concentrations consistent with laboratory contamination, methylene chloride does not appear to be a site

related contamiii-cint. Nevertheless, methylene chloride is a common industrial solvent and COPC 

screening criteria are also low so this chemical was conservatively retained as a COPC in soils. The 

chlorinated hydrocarbon contamination is most closely associated with the former R-150 Tank Area and 

contamination does not extend much beyond that immediate area; however, it has migrated to ground 

water. Of the chlorinated hydrocarbons detected in ground water, only cis-1,2-dichloroethene in "Yell 

09-04, 'and 1, 1-dichloroethene, cis-1,2-dichloroethene, and trichloroethene in well 09-03 are in 

exceedance of risk~ba.sed screening levels. The cOntamination is bounded sufficiently by lower or 

nondetectable concentrations in surrounding wells and supports the planned risk assessments . 
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PAHs and di-n-butyl phthalate were detected in SMWU 9 surface soil. Bis(2-ethylhexyl) phthalate was the 

only SVOC detected in subsurface soil samples. No SVOCs were detected in ground water or surface 

water. One PAH was ·detected in· a single sediment sample (09S0030006) at a concentration of 10 Ilg/kg. 

However, several PAHs were detected in the SWMU 9 background sediment sample, indicating that 

PAHs may n()t be fully attributable to activities within SWMU 9. No other SVOCs were detected in 

sediment samples. The soil samples displaying the greatest concentrations of PAHs were collected in the 

eastern portions of the site, and the eastern border of the site is Highway 45 .. The PAHs may be , 
attributable to asphalt,· road traffic, or waste oil. The presence of di-n-butyl phthalate in sample 

09SB020002 (located on the west side of Building 2189) may be resultant of site activities because 
. . 

di-n-butyl phthalate is used· in pesticide formulation and pesticide spray . tanks . and containers were 

. reportedly rinsed on the western side of Building 2189: Oi-n-butyl phalate is well bounded at the site 

evident by· no other concentrations detected in surrounding· samples and supports the planned risk 

. assessments: . 

Pesticides were not detected in any subsurface soil, sediment, or surface water samples. The pesticides 

4,4-00T and methoxychlor were only detected in a single surface soil sample (09SB090002). Oieldrin 

was also detected in a single ground water sample (09GWT01 01). The concent~aticins·of these pesticides 

were low (i.e., less than 25 Ilg/kg and 0.05 Ilg/L). Historical data discussed int"he SWMUs 4, 5, 9, and 10 

work plan also contained detectable concentrations of pesticides. These pesticides are con·sidered site

related contaminants; howev~r, the frequency of . d~tection . is very low, indicating no widespread· 

contamination as a result of site activities. The HHRA presented in Section 6.6.1' and the ERA presented 

in Section 6.6.3 discusses the pesticides selected as COPCs for SWMU 9 . 

. PCBs were riot detected in surface soil, surface water, or ground water at SWMU 9 during this 

investigation. Aroelor 1254 was detected in s.ubsurtace soil sample 09SB070709 at a concentration of 

460 Ilg/kg. This Arbclor was not detected in any other subsurface soil samples and is well bounded by 

surrounding downgradient samples exhibiting no detectable PCBs. Except for Aroelor 1016 (detected in 

one subsurface soil sample) and Aroelor 1254 (detected in one of 45 subsurface soil samples and in 2 of 
13 surface soil samples) the historical data reveal that Aroclors were generally not detected (TtNUS 

. 2000a) in soils. When they were detected the concentrations were less than 100 Ilg/kg. ·Aroclor 1248 

was detected in a single sediment sample (09S00300006) at a concentration of 380 Ilg/kg, and is well 

bounded by downgradient samples exhibiting no detectable PCBs. The locations of the two Aroelor 

detections found during this Phase III RFI are within 400 feet of each other and are in the vicinity of the 

former R-150 Tank. This tank is historically known to have held chlorinated hydrocarbons and is known to 

have leaked. The PCB contamination is viewed to be well bounded in the horizontal and vertical directions 

in soil with the only subsurface soil detection of PCBs being relatively minor. The Aroclor contamination 
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does not extend beyond the,former R-150 Tank Area and sufficient information concerning the extent of 

PCB contamination is available to support the planned risk assessments. The, HHRA presented in 

,Section 6.6.1 and the ERA presented in Section 6.6.3 discusses PCBs selected as COPCs for SWMU 9. 

The herbicides 2,4-0 and dinoseb, and pentachlorophenol were detected in several SWMU 9 surface soil , 

samples. Pentachlorophenol was detected in a single SWMU 9 subsurface soil sample (09SB11 0406). 

These three compounds were detected infrequently and at generally low concentrations (i.e., equal to or 

less than 20 Ilg/kg). 2,4,5-T and 2,4,5-TP were each detected in one ground water sample (09GWT0101 

and 09GW 1201, respectively) at concentrations less than 0.2 Ilg/L. 2,4-0 was detected in surface water 

sample 09SW0201 at a concentration of 0.18 Ilg/L. Herbicides were not detected in any sediment 

'samples collected for SWMU 9. However, the upgradient sediment location (09S0010006) for SWMU 9 

contained dinoseb (8.2 Ilg/kg) and pentachlorophenol (2.7 Ilg/kg), indicating that these herbicides may not 

be site related. 

2,4-0 was detected in surface soil sample 09SB040002, at 20 Ilg/kg, but the downgradient sediment 

location did not show a detectable 2,4-0 concentration. There are no other surface soil samples west of 

this lo~ation in the vicinity of former Building 2189. Oinoseb was detected in surface soil samples and the 

background sediment sample; these locations are 1,600. feet apart. These results are not clearly related 

to each other. Pentachlorophenol was detected in surface soil, subsurface soil, and the background 
, ,\ 

sediment location. These pentachlorophenol concentrations were all less than 10 Ilg/kg and were 

primarily located in the vicinity of former Building 2189 (the exception is sample 09SB070002 at 

1.2 Ilglkg). The presence of some of these compounds in background samples suggests the herbicides 

may not be sit~ related. Historical data discussed in the SWMUs 4, 5, 9, and 10 work plan did not display 

any herbicide detections at SWMU 9. The evidence does not suggest a release of herbicides at SWMU 9. 

Instead a more plausible explanation for the observed detectable concentrations of the two herbicides and 

-pentachlorophenol is topical applications, as those chemicals are'intended to be used. Thus, site-related 

herbicide contamination is not clearly present but, if present, is viewed to be well bounded in all directions. 

The HHRA presented in Section 6.6.1 and the ERA presented in Section 6.6.3 provide discussions 

regarding herbicides selected as COPCs for SWMU 9. 

'Numerous metals were detected in both surface (Figure 6-8) and subsurface soil samples (Figure 6-10). 

"Of the metals detected in surface soil, concentrations of antimony, calcium, copper, lead, magnesium, and 

. zinc were present in SWMU 9 surface soils at concentrations in excess of background concentrations. 

Calcium and magnesium are essential nutrients in surface and subsurface soils and therefore are not 

discussed further. Surface soil copper concentrations fall consistently within the range of 9.3 to 

20.1 mg/kg with one exception as compared to a range of 5.4 to 17.1 mg/kg for background, thus copper 

\ 
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concentrations are barely elevated relative to background concentrations. A similar situation applies to 

lead· (8.6 to 34.9 mg/kg at SWMU 5 versus 9.4 to 21.5 mg/kg in background surface soil) and, to a slightly 

lesser degree, zinc (30.3 to 120mg/kg at SWMU 5 versus 24.4 to 60.2 mg/kg). Because the samples at 

the perimeter of the sampling pattern exhibit metal. concentrations within background concentration 

ranges, the metals' are well bo~nded in surface soils. The majority of the metals detected in subsurface 

soil samples were present at concentrations comparable to background concentrations. The exceptions 

are the Soil G'roup 9 samples (09SB040406 and 09SB09081 0). Just two of the 11 SWMU 9 subsoil 

samples belong to Soil Group 9 (rather than Soil Group 8). When compared to Soil Group 8 background 

data, the SWMU 5 subsurface metals concentrations fall within the range of background concentrations at 

virtually every location for all metals, except for cobalt. in samples 05SB030406 (Soil Group 8) and 

,'05SB070709 (Soil Group 9). The apparent exceedance of Soil Group 9 background concentrations is 

viewed to derive from the fact that the Soil Group 9 background data set contains only one value. This is 

. discussed in more detai.1 for a simiiar situation at SWMU 4 in the SummarY of Section 4.4. In addition to 

generally not exceeding Soil Group 8 background concentrations, the SWMU 9 subsurface soil metals, ' 

concentrations generally do not exceed risk-based criteria as evident by a dearth of criteria exceedance 

flags on Figure 6-10 (subsurface soil). Thus, .subsurface metals contaminants are well bounded in all 

directions with the exception of cobalt in the vertical direction at these latter locations. Nevertheless, this 

is viewed to be a minor exception and the data are viewed to be sufficient to support the planned risk 

assessments. 

. .. .. 

Compared with metals detections in soil, fewer metals were detected in ground water samples (Figure 

6-11). All metals detected in g·roundwater, except calcium and selenium, were in excess of up' gradient 

concentrations. ,The greatest barium concentration was detected west of the SWMU (well 09-02) and 

,does not appear to be site-related,given the increasing trend from the SWMU toward the west. 

Furthermore, the barium concentrations did not exce.ed risk-based concentrations as evident by no risk

based concentration flags on Figure 6-1,1, therefore, this metal is not discussed further. Aluminum, cobalt, 

iron, manganese, nickel, selenium, and zinc display a concentration pattern similar to that of barium with 

concentrations increasing from SWMU 9 toward the west. The ground water manganese 'contamination 

. appears to originate to the west of SWMU 9 between the line of western:most wells and the western 

SWMU 9 boundary. Historical time data indicate that all three wells outside the northern end of the 
, , , 

SWMU (wells 09-02, 09-07, and 09-09) exhibit. decreasing manganese concentrations from the early 

J980s to 2002. For example, 'well 09-02 dissolved manganese concentrations (only filtered sample data 

are available) decreased from about 35,000 Ilg/L to about 5,000 Ilg/L and well 09-07 dissolved 

manganese concentrations decreased from about 63,000 J.lg/L to Cl.bout 200 Ilg/L. Overall, concentrations 

of manganese, which is the only metal of significant ir:lterest, are greater outside the SWMU than within 

the SWMU. The available metals concentrations are sufficiently representative of site conditions to 
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support the planned risk assessments and further delineation of manganese contamination would be 

unwarranted. Because the manganese concentrations increase in the downgradient direction outside the 

SMWU, local geological effects should be suspected of causing the elevated manganese concentrations 

in the downgradient wells. ' 

Few total metals (antimony, calcium, potassium, and sodium) were detected in unfiltered surface water 

samples at concentrations in excess cif upgradient concentrations (Figure 6-12). Calcium, potassium, and 

sodium are essential nutrients and are not discussed further. The unfiltered antimony concentrations did 

not exceed risk-based concentration limits so the failure to completely bound this chemical relative to 

upgradient concentrations is of little consequence. Given that only one of the unfiltered surface water 

samples exhibited detectable antimony concentrations, there is some question as to whether the observed 

_ concentration is an artifact of laboratory contamination.' Filtered samples also yielded few detectable 

metal concentrations in excess of upgradient concentrations. Whenupgradient exceedances of filtered 

samples did occur, the metal concentration was not in excess of a risk~based or regulatory criterion, 

except for ars~nic, cobalt, copper, iron, lead, and manganese (essential nutrients excluded). Of these, 

metals, the concentrations, are gemerally low,or they are weater than the upgradient concentration only 

be,cause a single upgradient, filtered sample was collected. Because of this, no further delin~ation of 

metals in surface water is warranted based on the observed concentrations. 

Aluminum, antimony, a~senic, chromium, cobalt, iron, manganE)se, vanadium, and zinc were present in 

sediment in excess-of upgradient concentrations, however only copper and arsenic exceeded a risk-based 

concentration limit (Figure 6-13). The copper and arsenic exceedances were at a single location 

(09SW/SD05 and 09SW/SD03, respectively),and the exceedances were within two times the upgradient 

concentration. Given the lack of significant risk-based concentration exceedances, the fact that a single 

upgradient sample was used in the background comparisons and the limited exceedance for copper and 

arsenic, each at one sampling location, there is no need to further delineate metals contamination in 

SWMU 9 sediments. 

As stated in earlier subsections, metals were detected in all sampled media and there does not appe~rto 

be any pattern associated with the metals contamination at SWMU 9. Metals detections generally do not, 

coincide with significant VOC, pesticide, or herbicide detections: Metals contamination would nO,t ,have 

been expected at this SWMU based on operational history. The observed high manganese 

concentrations appear to be steady or decreasing at. individual wells and may even be due to local geology 

rather than site operations. The greatest manganese concentrations likely to be encountered by a 

receptor appear to have been established and there is no need to further delineate metals contamination. 
, -

Organfc chemicals appear to be sufficiently bounded to support the planned -risk assessments. The 

110110/P 6-23 CTO 0010 



NSWC Crane 
RFI Report for SWMUs 4, 5, 9, 1.0 

Revision: 4 
Date: July 2005 

Section: 6 
Page 24 of 76 

HHRApresented in Section 6.6.1 and the ERA pres·ented in Section 6.6.3 discuss metals selected as 

COPCs for SWMU 9. 

6.5 CONTAMINANT FATE AND TRANSPORT 

This section presents a brief overview of contaminant fate and transport issues at SWMU 9. This 

discussion focuses on some of the major types of contaminants found at the site. 

. . 

SWMU 9 is an inactive site composed of three distinct areas: Building 55, Building 2189, and the R-150 

. Tank area. Pesticide controi activities occurred at Buildings 55 and 2189; which are no longer present at 
. . 

the site.·· Waste solvents were stored at the. R-150 Tank area; the tank has· been removed from the site. 

The three areas are located near each other in a triangular configuration. Building 2189 is. 1,150 feet 

north cif Building 55. The R-150· Tank area is approximately 800 feet southwest of Building 2189 and 

700 feet northwest of Building 55. 

Based on a review of the existing data for the site, a release.of hazardous constituemts to the surrounding 

soil has occurred as a result of historical site operations (i.e., pesticide management operations and waste 

solvents storage). The historical data also indicate that residual contaminants in the soil have migrated to 

ground water via infiltration and percolation. Additional release mechanisms, which are also expected to 

contribute to the contaminant transport, include discharge of ground water to surface water and sediment 

(unnamed tributaries),· deposition via surface water runoff, arid generation of fugitive dust and volCitile 

emissions from soil. 

. . 
The following classes of chemicals were detected in the media of concern at SWMU 9. 

Soil- VOCs, PAHs, pesticides, PCBs, herbicides, and metals 

Ground water - VOCs, pesticides, herbicides, and metals 

Surface Water - Herbicides (2,4-D) and metals 

Sediment- PAHs (Fluoranthene), PCBs, herbicides (pentachlorophenol), and metals 

Fate and transport characteristics of these chemicals are briefly discussed in the following sections. 

6.5.1 Volatile Organics 

VOCs are typically considered to be fairly soluble and to have a low capacity for retention by soil organic 

carbon; therefore, these compounds are most frequently detected in ground water. These types of 
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chemicals may migrate through the soil column after they are released by a spill event or by subsurface 

waste burial as infiltrating precipitation solubilizes them. Some portion of these chemicals is retained by. 

the soil, but most will continue migrating downward until they reach the water table. At that time, migration 

is primarily lateral with the hydraulic gradient. They may have migrated to surface water and sediment, 

but attenuation and dilution factors, such ~s volatilization, have resulted in their disappearance . 

. . 
Three chlorinated VOGs were detected infrequently in soil samples at SWMU 9 (in one of 22 

surface/subsurface soil samples) and seven chlorinated VOGs were detected in three of 12 ground water 

samples. The VOGs in ground water include the degradation products of PGE and TGE and are indicative 
. . 

of the natural attenuation of this class of chemicals. The soil and ground water data indicate that some 

impact of VOCs in soil on ground water may have occurred at the site. 

6.5.2 Polycyclic Aromatic Hydrocarbons 

PAHs are generally considered to be fairly immobile chemicals in the environment. They are large 

. molecules with high organic carbon partition coefficients and low solubilities when compared to the volatile 

organics. These compounds, when found in the soil, generally do not migrate vertically to a great extent. 

Instead, they are more likely to adhere to soil particles and be removed from the site via surface runoff 

and erosional processes. Their absence in ground water is evidence of their immobility. Their presence 

in sediment may stem from surface erosion, but their absence in surface water is consistent with their low 

water solubilities and their ability to birid to soil and sediment. 

6.5.3 Pesticides/Herbicides 

'Pesticides were widely used at NSWG Gra~e. Many of the detected compourids are no longer licensed 

for general sale and use in the United States. Therefore, it is assumed that much of what was detected at 

SWMU ~ is representative of past application for insect control. 

Like PAHs, pesticides as a class of compounds are not considered to be very mobile in the environment. 

These chemicals, upon appliccition or disposal, tend to remain affixed to soil particles. Migration of 

pesticides occurs primarily by erosion via the action of wind or water. Erosion accounts for their presence 

in sediment. Their absence in ground water and surface water is consistent with their ability to bind to soil 

and sediment and their low solubility in water . 
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PCBs are considered to be very persistent· organic chemicals. Biodegradation is the only process known 

to transform PCBs under environmental conditions, and only the lighter compounds are measurably 

biodegraded. As with PAHs and pesticides, their absence in ground water and surface water is consistent 

with their ability to bind to soil and sediment and of their low solubility in water. 

6.5.5. Inorganics 

Because inorganics are frequently incorporated into the soil matrix and remain bound to particulate matter, 

they also migrate from the source areas via bulk movement processes (erosion). The larger particles 

(greater t~an 0.45 microns, which are removed via the filtration step prior to water analysis) are not 

generally ·considered to be mobile in ground water. The metals detected in unfiltered ground water 

samples are likely to be representative of suspended soil material in the samples. 

There are some instances, however, where these metals are found at such concentrations or in such form 

as to be able to migrate in solution. It is possible that industrial activities could saturate. all available 

exchange sites in soil and result in a metal being mobilized. Metals are also more mobile under acidic 

conditions, which may exist in areas where plating-type activities have occurred. Finally, a metal solution 

may be utilized in some industrial applications. In· these cases, it is possible for metals to migrate 

vertically through the soil 'column arid reach the ground water. 

6.6 HUMAN HEALTH RISK ASSESSMENT 

.This section presents t.he results of the human health risk assessment for SWMU 9. The risk evaluation 

was performed· using the general methodologies presented· in Section 3.3. Site-specific information 

regarding data. evaluation (i.e., the sele.cti0n of COPCs), exposure assessment, characterization of 

estimated potential human health risks, and specific uncertainties for the risk screening. process for the 

site are contained in the following sections. 

6.6.1 Selection of Chemicals of Potential Concern 

A medium-specific discussion of the chemicals selected as COPCs for SWMU 9 is provided in this 

section. 
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This section presents the results of the cope selection process for surface and subsurface soil. The 

co PC screening process and the results of the screening are presented in Tables 6-12 and 6-13 for 

surface soil and in Tables 6-14 and 6-15 for subsurface soil. 

cOPC Selection for Surface Soil 

Eleven surface soil samples were collected at SWMU 9 from a depth of 0 to 2 foot bgs. Three borings 

were placed around the former location of Building 2189; one boring was placed west of the building at a 

.Iocation where the ground surface slopes toward an unnamed tributary. Four borings were installed at 

locations dispersed throughout the R-150 Tank area. Two borings were placed around the former location 

of Building 55; one additional boring was placed west of the former building at a location where the groun·d 

.surface slopes toward an unnamed tributary. The following chemicals were retained as COPCs for 

surface soil: 

• Methylene chloride 

• PAHs - benzo(a)anthracene, benzo(a)pyrene, naphthalene, 2-methylnaphthalene 

• Pentachlorophenol 

• Antimony 

COPC Selection for Surface/Subsurface Soil 

Twenty-two surface/subsurface soil samples were collected at SWMU 9 from depths of 2 to 10 feet bgs. 

'Eleven subsurface soil samples were collocated with the surface soil samples discussed above. The 

following chemicals were retained as COPCs for surface/sl:Jbsurface soil: 

• Volatiles - methylene chloride, tetrachloroethene, and trichloroethene 

• PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, 

2-methylnaphthalene, and naphthalene 

• Pentachlorophenol 

• Aroclor 1254 

• Inorganics - aluminum, antimony, barium, chromium (total), and iron 

These constituents were identified as COPCs in surface and subsurface soil because maximum 

concentrations exceeded one or more of the human health risk screening levels for residential land use 
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(Le., U.S. EPA Region 9 risk-based screening levels for residential soil, U.S. EPA generic SSLs for 

migration' to ground water, IDEM default closure levels for direct contact and migration to ground water, 

and representative basewide background concentrations). The maximum concentrations were also 

compared to U.S. EPA SSLs for migration from soil to air (inhalation). As shown in Tables 6-13 and 6-15, 

the maximum .concentrations of all constituents were less than the inhalation SSLs. Therefore, potential 

risks from inhalation of chemicals detected in soil are expected to be minimal and this pathway was not 

evaluated further in the risk assessment. Chemicals present at concentrations greater than screening 

concentrations but within representative basewide background levels [aluminum, arsenic, barium, 

cadmium, chromium (total), iron, manganese, and nickel in surface soil and arsenic, cadmium, 

manganese, and nickel in surface/subsurface soil] are not considered to be site-related contaminants, 

were eliminated as COPCs, and were not carried through the quantitative risk asses·sment. 

Migration from Soil to Ground water 

. As indicated in Tables 6-12, 6-13; 6-14, and 6-15, some constituents in soil were selected as COPCs 

because the, maximum concentrations Elxceeded risk-based screening levels for residential soil exposure; 

some were selected' as COPCs because the maximum concentration exceeded risk-based screening 

levels for residential' soil and SSLs for migration to ground water; and some chemicals (methylene 

chloride, tetrachloroetherie, trichloroethene, 2-methylnaphthalene, naphthalene, pentachlorophenol, 

antimony, barium, and chromium) were selected because the maximum concentrations of these 

chemicals exceeded SSLs for migration to ground water only. Because the reported concentrations of 

these chemicals were less than the. screening levels for direct contact with soil and U.S. EPA generic 

SSLs for inhalation, potential risks from direct exposure to these copes in soil are expected to be 

minimal. However, exceedances of U.S, EPA and IDEM migration to ground water SSLs may indicate the. 

potential for chemicals to leach to ground water and impactwatE)r quality. Of the organiC chemicals 

detected in soil at SWMU 9. that exceeded SSLs for' migration from soil to ground water, methylene 

chloride and trichloroethene were detected in ground water samples· collected at the site, but in only two of 

12 samples. lri addition, several degradation products of tetrachloroethene and trichloroethene were 

detected in ground water at concentrations that exceeded risk-based screening levels and MCLs. The 

soil/ground water data, therefore, indicate that some contaminants (i.e., chlorinated volatile organics) in 

soil may have impacted ground water at the site. The ground water data for SWMU 9 is discussed in 

Section 6,6.1.2. 
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Table 6-16 presents details of the COPC selection process for ground water. The COPC selection for 

ground water at SWMU 9 is based on analytical data from 12 unfiltered ground water samples collected 

from monitoring wells installed at the site. One well, 09TP0601, was used as the upgradient well for 

cope selection. The following .chemicals were retained as COPCs in groundwater: 

• Volatiles - 1, 1-dichloroethene, cis-1,2-dichloroethene, methylene chloride, and trichloroethene 

• Dieldrin 

• Inorganics - aluminum, arsenic, barium, beryllium, iron, manganese, and nickel 

These constituents were identified as COPCs ·in ground water because' the maximum concentrations 
, , 

exceeded one or more of the human health screening levels (i.e., U.S. EPA Region 9 risk~based 

. screening concentrations, federal MCls or SMCls, and IDEM residential default closure levelsforground 

water), 'No chemicals were eliminated from the quantitative risk assessment on the basis of background 

because maximum concentrations in the site ground water ~amples were greater than concentrations in . 

the upgradient well . 

6.6.1.3 Surface Water 

Table 6-17 summarizes the COPC selection process for surface water at SWMU 9. Four unfiltered 

, surface water samples were collected to ,assess. potential risks associated with ground water discharge 

and surface runoff. The samples were collected in the unnamed tributary west of the former location of 

Building 2189,' the H-150 Tank area, an'd a location potentially affected by surface water runoff and/or 

ground water discharge from Building 55. Four filtered samples were also collected from the surface 

water locations. ,There is no significant difference between the filtered and unfiltered results, indicating 

that turbidity did not greatly impact the unfiltered sample results. One sample, B09SW01 01, upstream of' 

the site was used as background for COPC selection. 

The following chemical was retained as COPCs in surface water: 

.' Antimony 

. ' . 

Antimony was selected as a COPC in surface water because the maximum concentration exceeded the 
. . 

U.S.EPA Region 9 risk-based screening concentration but was less than the federal MCl and the IDEM 

residential default closure level. Note that the use of these criteria for surface water assumes that the 
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surface water is used as a drinking source (Le., potential receptors ingest 2 liters of w.ater per day/ 

350 days per year). Drinking water criteria are used because surface water criteria for human health are 

currently not available. The use of these criteria for screening and risk assessment is conservative 

because it is unlikely that the water in the creek, drainageways, or marst)y areas would ever be used as a 

source of drinking water. Aluminum, arsenic, i'ron, and manganese were elim,inated as COPCs on the' 

, basis of the comparison with concentrations in the upgradient sample. 

6.6.1.4 Sediment 

Table 6-18 summarizes the COPC selection process for sediment at SWMU 9. Four sediment samples 

collocated with the surface water samples were collected during the investigation, and, sample 

809SD0101 was used as the upgradient surface water, location for COPC selection. The following 

chemicals were retained as COPCs in sediment: 

• Aroclor 1248 

• Inorganics - aluminum, antimony, iron, and mangane~e 

These constituents were identified as COPCs in sediment because maximum concentrations exceeded 
" 

U.S. EPA Region 9 risk-based screening levels for residential soil, IDEM default closure levels for direct 

contact, and concentrations in the upgradient sample. The use of the U.S. EPA Region 9 and IDEM risk

based concentrations for soil to evaluate COPC concentrations in sediment is conservative because these 

criteria were established assuming residential land use scenarios (e.g., routine daily contact with soils) .• 

However,it is anticipated that a human receptor would be exposed to the sediments in the streams and 

marshy areas of the site on a less frequent basis than is assumed for a typical residential, exposure to soil. 

Consequently, the use of soil criteria for screening and ,risk estimation is likely to overestimate potential. 

risks from exposure to sediment. No chemicals in sediment were eliminated from the quantitative risk 

assessment on the basis of background because concentrations in the maximum site sediment samples 

were greater than concentrations in the upgradient sample. 

6.6.2 Exposure Assessment 

This section presents the exposure assessment for SWMU9. The general exposure assessment 

approach and the exposure factors, which serve as the basis of the risk assessment, are provided in 

Section 3.3.3. 
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6.6.2.1 Conceptual Site Model - SWMU 9 

The CSM for the Pesticide Control/R-150 Tank Area, which defines the contaminant source, transport 

mechanisms, exposure routes, and potential receptors for the site, is presented as Figure 6-14. Based on 

a review of the existing data for the site, a release of hazardous constituents to the surrounding soil has 

occurred as a result of historical site operations (Le., pesticide management operations and waste , 
solvents storage). The historical data< also indicate that residual contaminants in the soil have migrated to 

groundwater via infiltration and percolation. Additional release mechanisms, which are also expected to 

contribute to the contaminant transport, include discharge of ground water to surface water and sediment 

(unnamed tributaries), deposition via surface water runoff, and generation of fugitive dust and volatile 

emissions from soil. 

Likely future land use at the Pesticide Control/R-150 Tank Area is expected to be similar to current land 

use. Pesticide management activities no longer occur at the site, and the R-150 Tank has been remov~d 

from the site. As mentioned previously, the site is currently inactive . 

. \ 

Based on the general scenarios. and receptor classes identified in Section 4.0 of the work plan,. the 

following potential receptors may be exposed to contaminated media at the site: 

• Trespassers (ages 6 to 17 years) - Likely receptor under current and future land use. Although 

access to the base is controlled, once inside the Base, access to the site is not limited by any physical 

constraints (Le., the site is not patrolled or enclosed by a fence). This receptor may be exposed to 

potentially contaminated surface soil, air and surface water and sediment in the unnamed tributaries 

located near the site. 

-, 
• Maintenance Workers - Likely receptor under current and future land use. Under current land use, 

some portions of the site, near the access road, are maintained. This receptor may be exposed to 

pot~ntially contaminated surface soil and air. Exposure to ground water at the site and surface water 

and sediment in the unnamed tributary that leads to Boggs Creek is not expected to occur. 

• Construction Workers - Potential receptor under future land use.' No construction activities are 

currently planned at the site. However, the site could be developed or a small, short-term construction 

project, such as a utility installation, could result in exposure to potentially contaminated media. This 

receptor may be exposed to surface and subsurface soil, air, and ground water . 
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• Occupational Workers - Potential receptor'under future, land use. The site could be developed and 

used for occupational purposes. This receptor may be exposed to surface soil, air, and ground water. 

• Recreational Users- Potential receptor under future land. use. If the Facility were to close, the most 

likely scenario is that the property would be converted into a state park. This receptor may be 

exposed to potentially contaminated surface soil, air, and surface water and sediment in the unnamed 

tributaries located near the site., However, it is' highly unlikely that NSWC Crane would close because 

principal base operations, the demilitarization of munitions, are critical to the support of the U.S. Naval 

fleet. 

• Residents - Potential receptor under future land use. The site could be developed for residential larid 

use, if, the Facility were to close. Future residents may be exposed to potentially contaminated 

surface soil, air, ground water, and surface water and sediment. Although this scenario is highly 

unlikely, a future residential scenario is typically evaluated in the risk assessment for decision"making 

purposes. For example, the need for deed restrictions at a, site may be, eliminated, prior to site, 

closure, if'mihimal risks are estimated for residential receptors. 

Table 6-19 presents a summary of the potentially complete and incomplete exposure pathways for 

potential receptors atSWMU 9. Detaiis regarding the assumed receptor characteristics (intake rate, 

frequency and duration of exposure, body weight, etc.) are defined in Section 3.3, which presents the 

methodologies for the human health risk assessment. 

As indicated in Section 3.3.3, the following exposure pathways are evaluated in the human health risk for 

,$WMU 9. 

• Ingestion of soil, sediment, ground water, arid surface water 

• Dermal contaCt with, soil, sediment, ground water, and surface water 

• Inhalation of air (transfers from soil to air) 

• Inhalation of air (transfers from ground water to air for volatiles only) 

Based on the human health risk screening presented in Table 6-13 (surface soil) and Table 6-15 

'(subsurface soil), exposure via inhalation of contaminants migrating from soil to air is not expected to be a 

significant exposure 'pathway. Maximum site concentrations do not exceed. the available U.S. EPA' 
. ..' . 

generic SSLs for transfers from soil to air. In addition, a large portion of the site is overgrown with 

• 

vegetation, which WOUld, limit emissions and mechanical suspension of soil particulates. Because VOCs • 
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were selected as COPCs in ground water, the inhalation while showering pathway is quantified for 

hypothetical future residents in t~e risk assessment. 

95% UCLs were used as the EPCs for exposure to surface soil, surface/subsurface soil, and ground 

water, and maximum detected concentrations were used as EPCs for surface water and sediment 

because the datasets consisted of fewer than 10 samples. The EPCs for those chemicals identified as 

COPCs in surface soil, subsurface soil, ground water, surface water, and sediment at SWMU 9 are 

presented in Table 6-20. 

6.6.3 Risk Characterization 

This section contains a ~ummary of the human health risk assessment for SWMU 9. Uncertainties 

associated with the risk estimates are discussed in Section 6.6.4. The methodology used to calculate the 

risks presented in this section is provided in Section 3.3. Quantitative risk estimates for potential human 

receptors are developed· for those chemicals identified as COPCs. Potential noncarcinogenic and 

carcinogenic risks for the construction worker, maintenance worker, occupational worker, adult 

recreational user, adolescent trespasser, and future residents (adult and child) under the RME and CTE 

scenarios are summarized in Tables 6-21 and 6-22, respectively. The RAGS Part D Table 9s in Appendix 

G.3 provide the chemical-specific risks for each COPC and the total His for affected target organs. Risks 

for each receptor are summed across all. applicable exposure routes. Example risk spreadsheets 

containing the detailed;· chemical-specific risks are included in Appendix G.1. A discussion of the 

estimated noncarcinogenic and carcinogenic risks is provided in the remainder of this section . . ' } 

Noncarcinogenic Risks - RME 

Cumulative His for the construction worker, maintenance worker, occupational worker, adult recreational· 

user, and adolescent trespasser under the RME scenario are less than unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

Cumulative His for the future adult and.child resident exceed unity. 

Cumulative His for the future adult and child residents are 14 and 47, respectively. These risks result 

from exposure to the maximum concentration of cis-1,2-dichloroethene (adult HI = 0.49, child HI = 1.8), 

iron (adult HI = 1.7, child HI = 6.0), manganese (adult HI = 10, child HI = 35), and nickel (adult HI = 0.36, 
'. .'. 

child HI = 1.3) in ground water, primarily by ingestion . 
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. . 

The HIs calculated for resid~ntial exposure to ground water are subject to the following sources of 

uncertainty: 

• The calculated risks are based on analytical results for unfiltered ground water samples. Metal' 

concentrations may be elevated because of suspended particulate matter in the samples. 

• There is uncertainty associated with the toxicity criteria used to estimate potential risks for iron. The 

NCEA provisional RfD for iron, which is based on allowable daily intakes rather than adverse effect 

levels, was used to qLiantify risks from exposure to iron. Since the provisional RfD is not based on 

adverse health effects, the risks associated with iron are likely overestimated. 

• '. The· risks calculated for cis-1 ,2-dichloroethene were based on the maximum detected concentration 

(0.13 mg/L) of this compound (because the 95 percent UCL exceeded' the maximum) . 

.Gis-1,2-dichloroethene was detected in three of 12 ground water samples, with an average 

. concentration of 0.02 mg/L. It is likely that' the risks from cis-1,2-dichloroethene in ground water are 

overestimated by assuming that hypothetical future residents are exposed to the maximum 

concentration for a lifetime. 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

domestic drinking water. However, because of the shallow depth to ground water and the nature of 

the site, it is unlikely that ground water at the site would be w'!ed as a source of potable water in the 

future. 

The HIs associated with direct exposure to other media at the site are minimal for all receptors (i.e., HIs are 

less than unity). 

Carcinogenic Risks 

Cumulative ILCRs for the construction worker, maintenance worker, occupational worker, and adolescent 

trespasser are less than the U.S. EPA target risk range; 1 x1Q-6 to 1 x1Q-4. The ILCR for the future adult 

recreational user is within the U.S .. EPA's target risk range. The total residential ILCR (adult + child) is 

1.9 x 10-4, which slightly exceeds the target risk range. 

As shown in the RAGS Part D tables located in Appendix G.6, the elevated carcinogenic risks for residents 

are primarily a result of exposure to arsenic in ground water (by ingestion) and sediment and to chlorinated 
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volatile organics in ground water. Arsenic accounts for approximately 48 percent of the total carcinogenic 

· risk, and volatiles (namely, 1, 1-dichloroethene and trichloroethene) account for 46 percent of the cancer risk .. 

The carcinogenic risks calculated for residential exposure to ground water are subject to the following 

sources of uncertainty: 

• An,enic was detected in 12.of 12 ground water samples at SWMU 9 at a maximum concentration of 

4.6 Ilg/L. This concentration is less than the current MCl for arsenic (50 Ilg/l) and the recently 

proposed MCl (10 Ilg/l). In addition, the concentrations of arsenic in eight of the 12 ground water 

·samples were less than the sample quantitation limit for the upgradient well(11l9/l) and it is likely that 

the concentrations of ·arsenic in ground water at the site are within naturally occurring levels. 

Carcinogenic risks from exposure to arsenic may be overestimated based· on the body's ability to· 

metabolize arsenic· (see Section 6.6.4.5). If arsenic were not selected as a COPC, potential 

carcinogenic risks to hypothetical future res·idents would be within U.S. EPA's target risk range. 

• Risks from exposure to volatiles in ground water are mainly attributable to 1, 1-dichloroethene (1, 1-DCE). 

1, 1 ~DCE was detected in one of 12 samples at a maximum concentration of 6.4 Ilg/L. This 

. concentration is· less than the current U.S. EPA MCland IDEM residential default closure level for 

.. ground water. In addition, 1, 1-DCE was classified as a Class C carcinogen by U.S. EPA, indicating that it . 

is a possible human carcinogen and has not been shown to cause cancer in humans. 

The carcinogenic risks associated with exposure to. other media at the site are minimal for all receptors (i.e., 

IlCRs are less than or within the U.S. EPA target risk range). 

The significant sources of uncertainty are further discussed in Section 6.6.4. 

6.6.3.1 CTE Evaluation 

As discussed in Section 3.3.2.2, an evaluation of the potential risks associated with the CTE scenario is 

included to provide a measure of the central or average case exposure. Summaries of the estimated risks 

for the CTE scenarios are contained in Table 6-22. 

Cumulative His for the construction worker, maintenance worker, occupational worker, adult recreational 

· u$er, and adolescent trespasser Linder the CTE scenario are less than unity (1), indicating that no toxic 

effects are anticipated for these receptors under the CTE exposure conditions. Cumulative His for the 

· future adult and· child resident exceed unity. Cumulative His for the CTE for future adult and child 
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residents are 9.1 and 20, respectively. These risks are the result of exposure to iron and manganese in 

ground water. 

Cumulative ILCRs for the construction worker, maintenance worker, adult recreational user, occupational 

worker, and adolescent trespasser are less than the U.S. EPA target risk range, 1x10·6 to 1x10-4, and 

ILCRs for future residents (adult + child) were within the target risk range. 

6.6.3.2 Evaluation of Chemicals Eliminated on the Ba!;!s of Background Comparison 

This following chemicals were eliminated as COPCs solely on the basis of comparison to background. 

Surface chemicals eliminated on the basis of background: AI, As, Fe, Mn. 

Subsurface soils eliminated on the basis of background: As, Mn. 

Ground water: None. 

Surface water: AI, As, Fe, Mn. 

Sediment: None. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Background Comparison. 

Aluminum, arsenic, iron, and manganese were detected in soils and/or sediments at conceritrations 

exceediQg the conservative screening levels established for COPC selection but were not selected as 

COPCs because study area concentrations did not exceed background concentrations. The following 

table provides a qualitative risk evaluation of these metals by comparing the maximum detected 

concentrations k> the EPA Region 9 PRGs for residential and industrial soil exposure. 

Parameter Surface Soil Subsurface Sediment Region 9 Region 9 Literature 
Concentration Soil Concentration Residential Industrial Background 

(mglkg) Concentration (mglkg) (mglkg) PRG (mglkg) 
(mglkg), (mglkg) 

Aluminum 12,900 76,000 100,000 10,000 - 300,000 

Arsenic 9.6 9.6 0.39 1'.6 0.1 -97 

Iron 20,100 23,000 100,000 7,000 - 555,000 
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19,000 100 - 4,000 I 

The PRGs presented for aluminum, iron, and manganese are based on the potential for non-cancer 

health effects (the values are 10 times the COPC screening levels used in this HHRA). The maximu~ 

detected concentration of aluminum is approximately one-sixth the relevant residential PRG, and 

one-eighth the relevant industrial PRG. However, based on toxicity information provided by EPA Region 

1, the Region 9 PRG. for aluminum is very conservative and may over predict the potential for non-cancer 

effects. The maximum detected concentration of manganese is two-thirds the relevant residential PRG, 

and approximately one-eighteenth of the relevant industrial PRG. The maximum detected concentration 

of iron does not exceed the PRG. The PRG for iron is a very conservative risk-based concentration based 

on a recommended daily intake for iron. The PRG presented for arsenic is based on the potential for .' . 
cancer effects and represent the 1 x10-6 (one-in-one-million) cancer risk level (the values are the COPC 

screening levels used in this HHRA). PRGs representing the 1 x10·5 and 1 x10·4 cancer risk levels would 

be 10 and 100 times the values presented for the 1 x10-6 cancer risk level. Consequently, the maximum 

detected concentration of arsenic exceeds the 1 x10·6 and 1 x10·5 cancer risk levels, but not the1 x10·4 

risk level. Additionally, as indicated above, the metals concentrations reported in the soils and sediments 

are within the background range reported in the literature . 

Aluminum, arsenic, iron, and manganese were detected ,in surface water at concentrations exceeding the 

conservative screening levels established for COPC selection but were not selected as COPCs because 

study area concentrations did not exceed background concentrations. The following table provides a 
qualitative risk evaluation of these metals by comparing the maximum detected concentrations to the EPA 

Region 9 PRGs for tap water and the Federal SDWAMCLs: 

Parameter Ground Water Surface Water Region 9 Federal 
Concentration Concentration PRG SDWAMCL 

(~g/L) (~g/L) (~g/L) (~g/L) 

Aluminum 245 ,36,000 50 to 200(1) 

Arsenic 1.9 0.045 10 

Iron '1,830 11,000 300(1) 

Manganese 583 880 50(1) 

·1 Secondary (aesthetic-based) MCLs are presented for aluminum, iron and manganese. 

The PRGs for aluminum, iron and manganese are based on the potential for non-cancer effects. The risk~ 

'based screening levels for surface water are based on COPC screening levels for tap water ingestion, . 

which are based on daily, residential exposure assumptions, and are used to select COPCs for ground 
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water and surface water. In general,. the use bf tap water screening levels is regarded as a highly 

con~ervative approach to COPC selection for surface water. Potential human exposure to surface water at 

SWMU 9 is expected to be limited to incidental exposures (such as that which occurs during trespassing), 

which is significantly less than the daily exposure assumed during the development of the ground water 

screening criteria: Because of this, the risks from exposure to surface water were recalculated based on 

exposure to the maximum detected concentration for the future adult and child resident receptors. These 

receptors represent the. most sensitive receptors assumed to be exposed to surface water. Non-cancer 

calculations show that the hazard indices for both the future adult and child, resident are less than one. 

Cancer risk calculations show that the IlCR for the future adult resident isslightly more than 1 x 10
06

, and 

the IClR for the future child resident is slightly less than 1 X 10
06

• As noted above, based on toxicity 

'information provided by EPA Region 1, the Region 9 PRG for aluminum is very conservative and may over 

predict the potential for non-cancer effects. Also, as noted above, the PRG for iron is a very conservative 
. . '. . 

risk-based concentration because it is actually based a recommended daily intake for iron. Based on this 

discussion, the results and conclusions of the risk assessment are not affected by the eiimination of 

aluminum, arsenic, iron, and manganese from the quantitative risk assessment for surface water. 

6.6.4 Uncertainty Analysis 

A summary of the uncertainties specific to the human health risk screening for SWMU 9 is included in this 

section. The impact of a particular uncertainty on the results of the risk screening is also identified. 

General uncertainties associated with the risk estimates were discussed in Section 3.3.5. 

6.6.4.1 Uncertainty in the Analytical Data 

The databases for surface water and sediment at SWMU 9 contain fewer than 10 samples. ' However, the 

field sampling program for SWMU 9 was biased toward the areas most likeiy, to demonstrate 

contamination (i.e" the buildings around which pesticide control activities occurred and area around the 

R-150 tank). The fact that only a small number of samples is used to estimate risks can result in 
, ' , ' , 

uncertainty both with regard to the COPC selection andin the EPCs used to estimate potential risks. This 

may result in an overestimation of risks, because maximum concentrations are used as EPCs when 

datasets contain fewer than 10 samples. 

6.6.4.2 , Uncert~inty Associated with CO PC Selection 

Some constituents identified as, COPCs 'in soil were' conservatively selected as COPCs because 

.' 

• 

maximum concentrations exceeded U.S. EPA and IDEM SSLs for migration from soil to ground water for • 

a DAF of 1: However, U.S. EPA's Soil Screening Guidance (U.S. EPA, May 1996) states, "The EPA has 
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selected a default DAF of 20 to account for contaminant dilution and attenuation during transport through 

the saturated zone to a compliance point (Le., receptor well). At most sites, this adjustment will more 

accurately reflect a contaminant's threat to ground water resources than assuming a DAF of 1 (Le., no 

dilution or attenuation)." The' guidance further states, "A DAF of 20 is protective for sources up .to 

0.5 acres in si~" and "can be protective of larger sources as well." If a DAF of 20 had been used in the 

COPC selection process, some compounds, for example, methylene chloride, tetrachloroethene, 

trichloroethene, and pentachlorophenol, would not have been selected as COPCs. However, use of a 

DAF of 1 for screening is not expected to significantly affect the results of the risk assessment because 

the risks calculated for COPCs selected using a DAF of 1 were minimal. 

'COPCs for ground water were selected based on the analytical results from unfiltered ground water 

samples. ,It is possible that risk estimates based on the unfiltered ground water samples are 

overestimated. 

Drinking water criteria were used as the b,asis of screening levels for surface water, and residential soil 

criteria were used for sediment. This assumes that the surface water is used as a drinking source (Le., 
, I 

potential receptors ingest 2 liters of water per day/350 days per year) and potential receptors are exposed 

to sediment on a daily basis (Le., 350 days a year). Drinking water criteria are used because surface 

water criteria for human health are currently not available. The use of these criteria for screening and risk 

assessment is conservative because it is unlikely that the water in the creek, drainageways, or marshy 

areas would ever be used as a source of drinking water.' In addition, exposure to sediments in the 

streams and marshy areas of the site is expected to occur on a less frequent basis than is assumed for a 

typical residential exposure to soil. 

6.6.4.3 Uncertainty Associated with the Use of Background 

Aluminum, arsenic, barium, cadmium, chromium (total), iron, manganese, and nickel in surface soil and 

arsenic, cadmium, manganese, and nickel in surface/subsurface soil were eliminated from the list of 

COPCs for SWMU 9 because statistical analyses indicate that concentrations of these chemicals were 

shown to be, within representative basewide background levels. Omission of these chemicals from the 

risk evaluation may underestimate the potential risks for exposure at SWMU 9. However, a high level of 

confidence is associated with the representative basewide background concentrations. Numerous 

background samples (greater than 100 samples) were collected during the Crane Background Soil 

Investigation. Additionally, the resultant background data were evaluated for outliers and statistically 

evaluated using various testing methods, which leads to a high degree of confidence in the established 
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. representative concentrations. Consequently, omission of these metals from the soil risk assessment is 

unlikely to result in an underestimation of site-related chemical risks for SWMU 9. 

Since basewide backgrourid data are not available for ground water, surface water, and sediment, 

concentrations in upgradient samples were used for background comparison by comparing the maximum 

site concehtration of a constituent to the concentration in the sample from the Lipgradient location. This 

method of screening inorganic compounds may result in retaining inorganic compounds as COPCs that 

would not have been' selected as COPCs based on' a more rigorous statistical· background evaluation. 

Therefore, risks for these media may be overestimated. This is especially important in the case of arsenic 

in ground water, which was identified' as a,.risk driver in the risk assessment. -Arsenic was detected in 
. . 

'groundwater samples at a maximum concentration of 4.6 Ilg/L, butthe concentrations of arsenic in most. 

ground water samples were less than the quantitation limit of arsenic in the upgradient well and it is likely 

. that the concentrations of arsenic in ground water at the site are within naturally occurring levels. If 

arsenic were eliminated as a COPC, the 'total cancer risk estimates would be within the U.S. EPA's target 

range. 

UncertaintY in the Exposure Assessment 

General- uncertainties associated with the exposure assessment are discussed. in Section 3.3.1.5.2~ _ . A 

major source of uncertainty for SWMU 9 is the assumption of future residential use of the site. As stated 
'\ 

previously, . development. of the site development of the site for future residential use is unlikely.· 

Therefore, the calculated theoretical residential risks fo~ soil, ground water, surface water, andsedi'~ent 
. do not represent current site usage and overestimate risks. for receptors upder current and anticipated 

future land use patterns. 

Risks from exposure to ground water are based on the assumption that the ground water at the site is 

used as a source of domestic drinking water. The residential drinking water scenario is evaluated ·to be 

conservative although ground water at the site is not used and is not expected to be used as a source of 

potable . water. In addition, -the risks calculated for the . major noncarcinogenic risk drivers 

:(cis-1,2-dichloroethene, iron, and manganese) were based on the maximum detected concentrations of 

.- -these constituents because the 95% UCL exceeded {he maximum, It is likely that the risks from these 

·:constituents in ground water are overestimated by assuming that hypothetical future residents -are 

exposed to the maximum concentration for a lifetime. 

Current U.S. EPA guidance (U.S. EPA, 2000) does not provide dermal absorption factors for exposure to 

volatiles and most metals (except arsenic and cadmium) in soil. Therefore, risks for dermal contact from. 
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soil are not evaluated for volatiles and most metals in this risk assessment. Con~equently, risks from. 

exposure to soil may be underestimated by omitting dermal exposure to volatiles and metals from the 

quantitative risk assessment. 

6.6.4.5 Uncertainty in the Toxicity Criteria 

\ 

Aluminum and iron were identified as COPCs for surface/subsurface soil, ground water, and sediment at 

, SWMU' 9. There is uncertainty associated with the toxicity criteria used to estimate potential risks for 

these chemicals. Provisional RfDs for aluminum, and iron, which are based on allowable daily intakes 

rather than adverse effect levels, were used to quantify risks from exposure to these constituents. Since 

the provisional RfDs are not based on adverse health effects, the risks associated with these chemicals 

are expected to be, overstated. Additionally, risks calculated for iron are based on an RfD' of 

0.6 mg/kg/dClY. However, based on U.S. EPA Region 3 guidance received in March 2000, this RfD is not 

recommended for the evaluation of childhood exposures. The nutritional needs of children differ from 

adults, and a more appropriate RfD for children would be 1.1 mg/kg/day. Consequently, risks calculated 

for the child resident for exposure to iron may be overestimated by a factor of 1.83. (.1.1/0.6) . 

Arsenic was identified as a risk driver in ground water. Although the more restrictive basis for evaluating 

risk associated with exposure 'to arsenic is to assume it isa carcinogen, carcinogenic effects are not 

,primary health effects expected to be manifested upon exposure to arsenic. The preponderance of 

scientific information indicates that humans are capable of metabolizing arsen'ic to expedite its elimination 

from the body. Its elimination from the body obviously mitigates the possibility for arsenic to manifest 

,carcinogenic effects .. Therefore, evaluating arsenic as a noncarcinogen would be more appropriate. 

Specifically, the body methylates the arsenic to form monomethyl arsenic and dimethyl arsenic. There is a 

, limited capacity for the body to metabolize methylate arsenic, but this limit is generally reached when the 

body's intake of arsenic approximately exceeds 500 ~g/day. The maximum detected concentration of 

arsenic in ground water at the site is 4.6 ~g/L Assuming a water ingestion rate of 2 liters per day, 
. . , 

exposure to this ,concentration corresponds to an approximate intake of 9.2 ~g/dayfor expo'sure to ground 

water. This intake is weli within the bodys ability to metabolize arsenic. Although some humans may be 

more sensitive to arsenic, in that they are "poor methylators,"the maximum exposure concentration for the' 

site is more than an order of magnitude below the normal limit of metabolic saturation and is most likely 

below levels that would trigger responses in sensitive individuals. 

, Risks from exposure to volatiles in ground water are mainly attributable to 1 ;1-dichloroethene. However, 

1, 1-dichloroethenewas classified as a Class C carcinogen by U.S. EPA indicating that it is a possible human 

carcinogen and has not been shown to cause cancer in humans. The CSF for 1 ,1-dichloroethene is based 
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on the presence of tumors in one mouse in one inhalation study (IRIS, 2001) and is, therefore, subject to 

much uncertainty.· 

6.6.5 Summary and Conclusions 

This section summarizes the results of the human health risk assessment 'performed for SWMU 9. A brief 

summary of the information contained in the human health risk assessment is provided in this section. 

SWMU 9 is an inactive site composed of three distinct areas: Building 55, Building 2189, and the R-150 

Tank area. Pesticide control activities occurred at Buildings 55 and 2189, which are no longer present at 

the ,site. Waste solvents were stored at the R-150 Tank area; the tank has been removed from the site. 

The three areas are located near each other in a triangular configuration. Building 2189 is 1,150 feet 

north of Building 55. The R-150 Tank area is 'approximately 800 feet southwest of Building 2189 and· 

700 feet northwest of Building 55. 

,The baseline human health risk assessment for SWMU 9 was performed to characterize the potential 

risks to likely human receptors under current and future land use. Potential receptors under current land 

use are adolescent trespassers. Potential receptors under future land use are construction workers, 

maintenance workers, occupational workers, recreational users, and hypothetical residents (adults and 

. Children). Although future land use is likely to be the same as current land use, the potential future 

receptors were evaluated in the baseline human health risk assessment, primarily for decision-making 

purposes. The evaluation of th~se receptors is based on the assumption that, if various site conditions 

were to change in the future, potential exposure could occur if the site were developed. 

Potential risks associateq with ,inhalation exposures are considered to be, minimal. ' Inhalation of volatile 

emissions and fugitive dust was evaluated qualitatively via a comparison of site data with U.S. EPA generic 

SSLs for transfers from soil to air. Inhalation exposure was considered to be relatively insignificant because 

all detected soil concentrations were less than the SSLs. In addition, the majority of the site is vegetated, 

thereby reducing the generation of fugitive dust via wind erosion. Inhalation of volatiles from surface water 

ano sediment was considered to result in insignificant exposures compared to ingestion and dermal 

exposures. The inhalation of volatiles from ground water, which could occur during showering, bathing, and 

other routine household activities, was evaluated for SWMU 9 because several chlorinated volatile organics 

were identified as COPCs in ground water. 

The list of COPCs for SWMU 9 includes the following: 
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• Surface soil methylene _ chloride, benzo(a)anthracene, benzo(a)pyrene, naphthalene, 

2-methylnaphthalene, pentachlorophenol, and antimony. 

• Surface/subsurface soil - methylene chloride, tetrachloroethene, trichloroethene, benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, pentachlorophenol, Arodor 1254, 

aluminum, antimony, barium, chromium (total), and iron 

• Ground water - 1, 1-dichloroethene, cis-1,2-dichloroethene, methylene chloride, trichloroethene,

dieldrin, aluminum, arsenic, barium, beryllium, iron, manganese, and nickel. 

• Surface Water - antimony. 

• Sediment - Aroclor 1248, aluminum, antimony, iron, and manganese. 

Quantitative estimates of noncarcinogenic and carcinogenic risks (His and ILCRs, respectively) were 

developed for potential human receptors. Minimal risks (i.e., His less than unity and ILCRs within the U.S . 

EPA target risk range) were calculated for construction workers, maintenance workers, occupational 

workers, adult recreational users, and adolescent trespassers. Elevated risks were estimated for residents 

(child and' adult) under future land use. His for. future adult and child residents exceeded unity, and the 

cumulative ILCRs for future residen~s (adult + child) exceeded 1.0x1 0-4, the upper limit of the U.S. EPA target 

_ risk range. 

The greater than unity His resulted from exposure to cis-1,2-dichloroethene, iron, manganese, and nickel 

in ground water, primarily by ingestion, and the ILCRs greater than the U.S. EPA target risk range are the 

result of exposure to arsenic and chlorinated volatile organics (primarily, 1, 1-dichloroethene and 

trichloroethene) in ground water. However, significant uncertainties were associated with the risks calculated 

for residential exposure to ground water at SWMU 9: 

• The calculated risks are based on analytical results for unfiltered ground water samples. Metal 

concentrations may be elevated because of suspended particulate matter in the samples. 

• There is uncertainty associated with the toxicity criteria used to estimate potential risks for iron. The 

NCEA provisional RfD for iron, which is based on allowable daily- intakes rather than adverse effect-, 

levels, were used to quantify risks from exposure to iron. Since the provisional RfD is not based on 

• adverse health effects, the risks associated with iron are likely overestimated. 
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• The risks calculated for cis-1,2-dichloroethene, iron, and manganese were based on the maximum 

detected concentrations of these constituents (because the 95 percentU.Clexceeded the maximum). /" 

Cis-1 ;2-dichloroethene was detected in three of 12 ground. water samples with an average. 

concentration of 0.02 mg/L. It is likely that the risks from these constituents in ground water are 

overestimated by assuming that hypothetical future residents are exposed to the maximum 

concentration for a lifetime. 

• Arsenic was detected in 12 of 12 ground water samples at SWMU 9 at a maximum concentration of 

4.6 Ilg/L. This concentration is less than the current MCl for arsenic (50 Ilg/l) and the recently 

proposed Mel (10 Ilg/l). In addition, the concentrations of arsenic in eight of the 12 ground water 

samples were less than the sa~ple quantitation limit for the upgradient well (1 Ilg/l) and it is likely that 

. the concentrations of arsenic in ground water at the site are within naturally 'occurring levels. ·In 

addition, carcinogenic risks from exposure to arsenic may be overestimated based on the body's 

ability to metabolize arsenic .. If arsenic were not selected as a COPC, potential carcinogenic risks to 

hypothetical fut~re residents would be within the U.S. EPA's target risk range. 

• Risks from exposure to volatiles in ground water are' mainly attributable to 1, 1-dichloroethene. • 

t, 1 ~dichloroethene was detected in one of 12 samples at a maximum concentration of 6.4 mg/L. This 

concentration is less than the current U.S. EPA MCl and IDEM residential default closure level for· 

groundwater. In addition, 1, 1-dichloroethene' was classified as a Class C carcinogen by U.S. EPA, 

indicating that it is a: possible human carcinogen and has not been shown to cause cancer in humans. 

There is also uncertainty in. the CSF for 1, 1-dichloroethene because it is based on the presence of 

one tumor in one mouse in one inhalation study (IRIS, online 2001). 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

domestic drinking water ... However, because of the shallow depth to ground water and the nature of 

the site, it is unlikely that ground water at the site would be used as a source of potable water in the 

future. 

In summary, for SWMU 9, no significant potential health risks for human receptors were determined under 

. current land use. Under future land use, elevated noncarcinogenic and carcinogenic risks were calculated . 

for potential residential exposure to chlorinated volatile organics (cis-1 ,2-dichloroethene, 1, 1-dichloroethene, 
-~ 

frichloroethene), arsenic, iron, manganese, and nickel in ground water. However, significant uncertainties 

are associated with the risks calculated for these risk drivers: uncertaintY in the assumption of residential 

exposure, uncertainty in the .exposure point concentrations because of the use of maxim,um concentrations 

to estimate potential risks, uncertainty in the toxicity of 1 ,1-dichloroethene, arsenic, and iron, and uncertainty 
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in the selection of arsenic as a COPC because the concentrations of arsenic are probably within naturally 

occurring background levels at the site. A summary of the major contributors to risk at SWMU 9 is provided 

in Table 6-23. 

6.7 ECOLOGICAL RISK ASSESSMENT 

· 6.7.1 Site Description 

Section 1.0 of this report presents the site background, site layout, and a general site description. The 

following text discusses the site description as, it pertains to the ecological habitat at the site. The 

ecological checklist for the site is included in Appendix H.5. 

· SWMU 9, the Pesticid~ Control/R-150 Tank Area, has been stocked with locust trees in the past. Other 

trees near this site include white ash (Fraxinus america'!a), largetooth aspen (Populus grandidentata), 

._ black cherry (Prunus serotina), black gum (Nyssa sylvatica), pignut hickory (Carya spp.), shagbark hickory 

(Carya spp.), black locust (Robinia pseudoacacia), sugar maple (Acer saccharum), red maple (Acer 

rubrum), black oak (Quercus velutina), chestnut and red oak (Quercus spp.), scarlet oak (Quercus 

coccinea), shingle oak (Ql)ercus imbricaria), white oak (Quercus alba), persimmon (Oiospyros virginiana), 

Virginia pine (Pinus virginiana), yellow poplar (Liriodendron tuliplfera.), redbud (Cercis canadensis), 
j 

sassafras (Sassafras albidum), and black walnlJt (Juglans nigra). 

The drainage ditches at SWMU 9 eventually discharge to Boggs Creek. The Boggs Creek-Goldsberry 

Hollow waterbody segment designated/state water. uses are aquatic life support, fish consumption, and 

primary contact. This waterbody segment was not assessed as part of the 2004 Indiana Integrated Water 

Quality Monitoring and Assessment Report .to determine if the waterbody was supporting those uses 

(IDEM, 2004). However, the Boggs Creek-Buzzard Run waterbody segment, located downstream of the 

Boggs Creek-Goldsberry Hollow waterbody segment, is fully supporting the aquatic life support and 

primary contact water uses; it was not assessed for the fish consumption water use (IDEM, 2004). 

Boggs Creek discharges off-site to the East Fork of the White River. River otters, a state endangered 

species, are being reintroduced to Indiana. The otters are expanding from their original release sites into 

other watersheds including the East Fork of the White 'River (IDFW, 2000). Also, the East Fork of the 

White River is the site for an ongoing study of lake sturgeon popUlations, another state endangered 

species (IDFW, 2000). Finally, spotted darters, a state endangered species, has been found in the East 

· Fork of the White River (IDFW, 2000). Note that other threatened, endangered, or special concern 

species also may be pre~ent in the water bodies just off-site of Crane, as well. 
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Based on the above description of the site and potential contaminant migration pathways, ecological . 

receptors could be directly exposed to chemicals in the surface water and surface soil (i.e., plant and soil .. . 

invertebrates) and indirectly via the food chain (i.e., through the ingestion of plants and invertebrates). 

Figure 6-15 presents the conceptual site model for SWMU 9. Additionally, ecological receptors (i.e., 

aquatic invertebrates) could be exposed to chemicals in the surface water and sediment in the stream. 

The following assessment endpoints (and surrogate wildlife species where applicable) were selected for 

this site: 

• Soil invertebrates 

• Terrestrial vegetation 

• Benthic invertebrates 

• Fish 

• Soil invertebrate-eating mammal (short-tailed shrew) 

• Herbivorous mammal (meadow vole) 

• Invertebrate-eating bird (American Robin) 

• Herbivorous bird (bobwhite quail) 

.Piscivorous mammal (raccoon) 

• Piscivorous bird (belted kingfisher) 

Although piscivorous mammals and .birds are included as assessment endpoints, the actual exposure to 

site chemicals is expected to be low .. The drainageways by the site are small and shallow and unlikely to 

sustain large fish populations, if any. The measurement endpoints for each of these assessment 

endpoints are presented in Section 3.4. 

6.7.3 Sampling Investigation and Results 

A total of 11 surface soil locations (Figures 6-7 and 6-8), five sediment locations (Figure 6-11), and five 

. surface water (Figure 6-12) locations were sampled at the site and were evaluated as part of the SERA. 

Section 6.4 of this· report discusses the analytical results and the nature and extent of contamination for 

the site. In summary, vacs, svacs, pesticides, herbicides, and/or inorganic chemicals are detected in 

the soil, sediment, and surface water. For the surface soil samples, a statistical comparison between the 

site data set and the background data set was conducted to determine if any of the inorganic chemicals in 
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the site samples are detected below background levels (see Section 6A). Also, surface water and 

sediment station 09SW ISD01 was located in an upgradient drainageway. Therefore, the chemical 

. concentrations in the samples from this station are assumed to represent concentrations in the surface 

water and sediment that are not related to activities at SWMU .9. As such, the inorganic chemical 

concentrations in the remaining surface water and sediment samples from SWMU 9 are compared to 

concentrations for this upgradient sample location for the selection of copes. If inorganic chemical 

. concentrations are higher at the upgradient sample location versus the90wngradient sample l,ocations, 

the chemical is eliminated as a COPC. 

6.7.4 Ecological Screening 

This section contains the ecological risk screening evaluation conducted for the chemicals detected in the 

surface soil, sediment, and surface water samples. The general methodologies used for the exposure 

assessment and risk characterization are discussed in Section 3A of this report. The EDOLs used for 

screening are presented in Tables 3-14 and 3-15. 

6.7,4.1 Surface Soil·. 

· Table 6-24 is the screening table for plants, invertebrates, and terrestrial wildlife exposed to chemicals 

detected in the surface soil samples. In addition to summary statistics (e.g., frequency of detection), the 

table also includes the results of a comparison to the representative soilbackg.round/anthropogenic values 
. . 

for inorganics, which are used to select COPCs. One VOC, 18 SVOCs, two pesticides, three herbicides, 

and 18 inorganic chemicals were detected in the surface soil samples. 

Di-n-butYI phthalate, naphthalene, methoxychlor, antimony, copper, lead, and zinc were initialiy sel~cted 
. .. 

as COPCs because the maximum concentrations exceeded the surface soil COPCscreenil'"!g levels and 

because some site sample concentrations exceeded the background sample concentrations (for 

inorganics only). The highest EEO is 650 for lead. 

6.7.4.2 Sediment 

Table 6-25 is the· screening .table for aquatic receptors and piscivorous wildlife exposed to chemicals 

detected in the sediment. In addition to summary statistics (e.g., frequency of detection), the table C!lso 
.. . . .. 

· . includes a· comparison of site concentrations to th.ose detected in the upgradient sample, 09SD010006, . 

which is ·considered representative of surface water background/anthropogenicconditions .. One VOC, 

• one SVOC, one PC~, and 16 inorganic chemicals were detected in the sediment samples. 
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Six inorganic chemicals including aluminum, antimony, barium, iron, manganese, and vanadium were 

initially selected as COPCs because no sediment COPC screening levels were available for these 

chemicals and the maximum downgradient concentration reported for these chemicals exceeded those 

reported for 09SD010006. Aroclor 1248, arsenic, and copper were· initially selected as COPCs because 

the maximum concentrations exceeded the sediment COPC screening ·Ievel, EEQs ranged from 1.03 for 

arsenic to 11.1 for Aroclor 1248. 

6.7.4.3 Surface Water 

Table 6-26 is the surface water screening table for aquatic receptors and piscivorous wildlife. In addition 

to· summary statistics (e.g., frequency of. detection), the table also includes a comparison of site 

concentrations· to those . detected in the upgradient sample, 09SW01 01, which is considered 

representative" of surface water background/anthropogenic conditions. One herbicide, 15· inorganic 

chemicals (in unfiltered samples), and 14 filtered inorganic chemicals were detected in the surface water 

samples. 

2,4-0, iron, and manganese were initially selected as COPCs. bec.ause no surface water COPC screening 

levels were available· for these chemicals and the maximum downgradient concentration reported for 

these chemicals exceeded those reported for location 09SW0101 (for inorganics only). Cobalt, copper, 

. and lead, for filtered organics, were initially selected as COPCs because the maximum concentrations 
\ . 

exceeded the· surface water COPC screening levels and the· maximum downgradient concentration 

reported for these chemicals exceeded those reported for 09SW01 01 .. All EEQs are low, with values of 

1.71 and below. 

6.7.5 Scientific/Management Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a Scientific/Management Decision Point (SMDP) at which point one of the following 

decisions is made (DON, 1999): 

(1) Adequate information exists to conclude that ecological threats at a site are negligible; no further 

evaluations of ecoiogical risks are necessary. 

(2) Adequate information exists and there is a potential for adverse ecological effects. In this case, the 

decision can be to either conduct an interim cleanup (if cost-effective to do so) or continue to Step 3 . 
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Included in the decisions listed above is an evaluation of the adequacy of the available information on 

which the decisions are based. Questions answered during this evaluation include the following: 

• Were adequate numbers of samples collected in the appropriate locations? 

• Were the samples analyzed for the appropriate parameters and was the data of sufficient quality for 

use in a risk assessment? 

This section of the ERA describes whether or not the collected data are adequate for making ecological 

risk decisions for SWMU 9. Section 6.4 of this report contains discussion of the nature and extent of 

contamination atSWMU 9, and Figures'1-11 and 1-12 show the site top~graphy and site photographs, 

respectively. 

SWMU 9 (Pesticide Control/R-150 Tank Area) is an inactive site composed of three distinct areas: 

Building 55, Building 2189, and the R-150 Tank area. The site (including space between the three distinct 

areas) occupies approximately 11 acres .. Site operations were centered around the three areas. The site 

is bounded on the east by Highway 45. Pesticide storage and mixing activities occurred at Buildings 55 

and 2189, which are no longer present at the site. Waste solvents were stored at the R-150 Tank area; 

the tank has been removed from the site. The three areas are located near each other in a triangular . 

configuration .. Building 2189 is 1,150 feet north of Building 55. The R-150 Tank area is approximately 

800 feet southwest of Building 2189 and 700 feet northwest of Building 55. 

6.7.5.1 Surface Soil 
y 

A total of 11 surface soil samples were collected at SWMU 9. All of. the surface soil samples were 

: collected in the vicinity of the three former pesticide storage buildings. Therefore, sampling was biased 

towards the ar~as where the chemical contamination was expected to be greatest. Surface soil. samples 

were analyzed for Appendix IX VOCs, Appendix IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, 

Appendix IX herbicides, TAL metals (plus tin), and cyanide. Additionally three surface soil samples w~re 

analyzed for CEC, pH, and TOC. Figures 6-7 and 6-8 show analytical.data-on site figures. Table 6-2 

presents the summary of positive analytical results for surface soils and Table 6-24 is the eco.logical risk 

screening table for surface soils. One VOC, 18 SVOCs, two pesticides,three herbicides, and 18 

inorganics were detected in surface soil samples. Of these, two SVOCs, one pesticide, and four 

inorganics were initially selected as COPCs because their maximum detected concentrations exceeded 

EDQLs. COPCs considered bioaccumulative (U.S. EPA, 2000) were retained for food-chain modeling 

and are presented in Table 6-27. The SVOC and pesticide COPCs were detected at a low frequency (1 or 

2 detected in 11 samples). Naphthalene concentrations exceeded the screening value in only one sample 
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frem lecatien 09SB09. As shewn in Figure 6-7, bering 09SB09 is lecated aleng the eastern berder ef the 

site adjacent to. several reads including Highway 45. All detected PAHs, including naphthalene may be 

attributable to. asphalt, road traffic, er waste eil. Di-ri-butyl phthalate detected at sample lecatien 09SB02 
. . 

. (Iecat~d en the western side ef Buiiding 2189) may be the result ef site activities becausedi-n-butyl 

phthalate is used in the fermulation of pesticides. Pesticide. spray tanks and centainers were repertedly 

rinsed en the western side ef Building 2189. EEQs fer di-n-butyl phthalate and naphthalene were 8.0 and 

. 9.4, respectively. Methexychler was retained as ,a COPC because the single detected concentratien ef 

0.025 mg/kg slightly exceeded the screening level ef 0.020 mg/kg. The enly pesticides detected at the 

site were feund at locatien 09SB09. This bering is lecated in the seuthern portien ef the site near the 

lecatien ef Former Building 55 and detectiens are likely attributable to. fermer site activities. Methexychler 

had an EEQ ef 1.3. 

Feur inerganics were retained as COPCs because their maximum cencentratiens were statistically 

determined to. be greater than background cencentratiens and Were also greater than the EDQLs. As 

determined in Sectien 6.4.1, metals detectiens de net indicate any. apparent pattern ef metals 

contaminatien. Hewever, because EEQs for those metals retained as COPCs including antiineny (21.8), 

cepper (6.8), lead (650), and zinc (18.1) were greater than 1.0, petential ecelegical risks exist from metals 

in surface seils at SWMU 9; these metals are further evaluated in Step 3a ef the Baseline Ecelegical Risk 

Assessment (BERA); 

6.7.5.2 Surface Water/Sediment 

To'assess the potential risks associated with migration of chemicals from ground water and soil to. surface 

water and sediment, surface water and sediment samples were cellected from five lecatiens at SMWU 9. 
Four·sampling points were located in· the unnamed tributary west ef the. fermer location ef Building'2189 

and· the R-150 Tank. Locations in the tributary were sampled to. men iter the stream atlet-atiens petentially 

affected by surface water runeff and/er greund water discharge. Surface water and sediment samples 

were alsecellected from a lecatien petentially affected by surface water runoff and/er ground water. 

discharge from Building 55. Additlenally, ene upgradient sample lecatien 09SD/SW01 was selected to. 

represent surface water and sediment cenditiens eutside SMWU 9 boundaries; the results ef this sample 

were net included in the SWMU 9 data representing petential SWMU 9 centamination. All sediment and 

s~rface water samples were. analyzed fer Appendi.x IX VOCs; Appendix IX SVOCs, Appendix .IX 

pesticides, Appendix IX PCBs, Appendix IX herbicides, TAL metals' (plus tin), cyanide, and tetal organic' 

carbon. Surface water samples were analyied fer tetal and filtered inorganics. 
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Figure 6-12 is a tag map showing surface water analytical data for SWMU 9. Table 6-8 presents the 

summary of positive analytical results for surface water and Table 6-26 is the ecological risk screening 

table for surface water. One herbicide, 15 total inorganics, and 14 filtered inorganics were detected in the 

site surface water samples. Of these, one herbicide and five filtered inorganics were initially selected as 

COPCs. COPCs considered bioaccumulative (U.S. EPA, 2000) were retained for food-chain modeling 

and are presented in Table 6-27. 2,4-0 was initially selected as a COPC because an EOQL is not 

./ available. 2,4-D was detected at sample location 09SW02 which is approximately 400 feet west of former 

Building 2189. The 2,4-0 detection may be attributable to'site activities. As shown in Figure 6-12, there 

does not appear to be a clear pattern of metals contamination in the surface water. Additionally, the 

upgradient sample contained some metals concentrations in excess of those found in the other surface 

water samples at SWMU 9. This is likely attributable to elevated TSS results in the upgradient sample 

09SW01 01, however the dissolved (filtered) results for the upgradient sample were similar to rretals 

results for all other site samples. As discussed in Section 6.4.4, metals retained as COPCs were also 

detected in other media at SWMU 9 but d? not coincide with significant VOC, pesticide, or herbicide 

detections, indicating metals concen~rations are likely naturally occurring . 

6.7.5.2.2 Sediment 

Figure 6-13 is a tag map showing sediment analytical data for SWMU 9. Table 6-10 presents the 

summary of positive analytical results for sediment and Table 6-25 is the ecological risk screening table 

for sediment. One VOC, one SVOC, one PCB, and 16 inorganics were detected in' the site sediment 

samples. Of these, one PCB and eight inorganics were initially selected as COPCs. COPCs considered 

. bioaccumulative (U.S. EPA, 2000) were retained for food-chain modeling and are presented in Table 6-27. 

Aroclor 1248 was initially selected as a COPC because the maximum detected concentration exceeded 

the EOQL. Alumin~m, antimony, barium, iron, manganese, and v;~adium were initially selected as 

COPCs because. no EOQLs were available for' comparison and the maximum downgradient 

concentrations reported for these chemicals Jxceeded those reported for the upgradient location. Arsenic 

and copper were initially selected as COPCs because their maximum detected concentrations exceeded 

. the EOQLs and were greater than concentrations reported for the upgradient sample location. Aroclor 

1248 was detected at sample location 09S003, which was collected west of the former R-150 Tank area. 

The only other detection of PCBs was reported for a subsurface soil sample from location 09SB07. This 

soil sample is located approximately 400 feet from sediment. sample location 09SD03 and is also in the 

vicinity of former R-150 Tank, which was known to contain chlorinated hydrocarbons. Aroclor 1248-had 

an EEQ of 11.1. The inorganics detected at SMWU 9 indicate no clear pattern of contamination; in fact, 

all inorganics were detected at similar concentrations in all samples including the upgradient sample. 
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EEQs for arsenic and copper were 1.03 and 1.7, respectively. Because EEQs for several chemicals were 

greater than 1.0 and there isa lack of toxicity data for several chemicals, risks for chemicals in the 

sediment will be further evaluated in Step 3a of the BERA. 

6.7.5.3 Summary 

. . 

Iri summary, a SERA was performed for SWMU 9. Based on the results of the evaluation, adequate 

information exists' to determine that potential risks are possible for receptors exposed to the selected . . 
cOPCs. Also, sampling locations were biased towards areas where the contamination, if present, should 

be detected. Therefore, the SERA is advancing to the Step 3a of the BERA - the refinement of the site

related COPCs. 

6.7.6 Step 3a Refinement 

Subsequent to the initial screening, other factors are considered to further refine the list ofCOPCs. These 

factors include food chain modeling, habitat quality, area use factors, toxicologicaJ evaluation of COPCs, 

frequency of detection, background concentrations, and comparisons of COPCs to alternate guidelines 

(U.S. EPA, 1997 and2001; Navy, 1999). 

Food chain modeling is conducted to investigate potential risks to representative receptors from ingested 

. doses of COPCs that are known to bioaccumulate or biomagnify (U.S. EPA, 2001). The methods used to 

model the doses that representative receptors could receive, as well as the selection of TRVs and the 

calculation sheets for the food chain model, are described and presented in Section 3.4.4.2 and 

Appendices H.4 and H.5 .. The assessment endpoints associated ,with the food chain modeling are the 

protection of ecological receptors from adverse effects of copes on growth, survival, and reproduction. 

The associated measurement endpoints are doses of copes associated with adverse. effects on growth, 

survival, and reproduction of these receptor groups. 

Concentrations of COPCs are compared to alternate (usually less conservative) guidelines in Step 3a of 

this assessment. The'se alternate guidelines are presented in Tables 6-28 (surface soil), 6-29 (sediment), 

6"30 (surface ~ater), . and 6-35 (terrestrial food chain modeling). The use of guidelines that are les~ 
. conservative than Region 5 ESVs provide balance to the conservative screening-level assessment. 

6.7.6.1 Risks to Terrestrial Plants, Terrestrial.and Sediment Invertebrates 

Potential risks to terrestrial plants, terrestrial and aquatic invertebrates; and fish from exposure to COPCs 

were evaluated using the methodologies described in Section' 3.4. The following subsections discuss 
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whether the chemicals initially selected as COPCs should be retained for further evaluation of risks to soil 

invertebrates and terrestrial vegetation (Section 6.7.6.1.1) and benthic'invertebrates (Section 6.7.6.1.2). 

6.7.6.1.1 Terrestrial Plants and Invertebrates - Surface Soil Risk 

Risks to terrestrial plants and invertebrates resulting from exposure to the COPCs' in surface soil are 

evaluated Using the methodologies described in, Section 3.4.4. Table 6-28 presents a summary of some 

of the common alternate benchmarks available for surface soil COPCs, along with a summary of the Step 

3a evaluation. The toxicological basis of the alternci"te benchmarks, is presented below. As presented in 

Table 6-24, several chemicals were detected at concentrations exceeding screening levels (or screening 

levels were not. available) but were elimina.ted, as COPCs because they were not detected at 

concentrations greater than background concentrations.' For soil, these chemicals included aluminum, 

arsenic, barium, cadmium, chromium, cobalt" iron, manganese,' mercury, nickel, and vanadium. 

Therefore, risks to these chemicals were not e~al~ated in the ERA, however, any risks would be within 

background risks and not related to site activities. 

Di-n-butyl phthalate 

Di-n-butyl phthalate was initially ,selected as a COPC' because the single' detected soil concentration 

(1.2 mg/kg) in sample 09S8020002 exceeds the Region 5 screening level of 0.15 mg/kg; however, the 

, EDQL is based, on risks to wildlife (Le., the masked shrew) and not risks to' plants and invertebrates. 

Therefore, the maximum di-n-butyl phthalate concentration was compared to other available benchmarks 

to evaluate risks to these receptors: 

• Oak Ridge National Laboratory (ORNL) Plant:.... 200 mg/kg (Efroymson et aI., 1997b) 

The ORNL pl~Hit value of 200 mg/kg is based on plant growth of fescue, corn, and soybeans in two soil 

types at 'two pH levels. Fresh weights among the three specieswere reduced 23% to 44% by 200 mg/kg. 

The maximum di-n-butyl' phthalate concentration is two orders of magnitude less than the, ORNL' plant . . . . . . 

value and so impacts to plants are not likely. 

No benchmarks are available for di-n-butyl phthalate to evaluate risks to earthworms; therefore, the ORNL 

earthworm benchmark for dimethylphthalate of 200 mg/kg was used because the' toxicity of these two 

phthalates is antiCipated to be generally similar in magnitude. The ORNL earthworm benchmark for 

dimethylphthalate was developed based on survival of adults of four earthworm species. After 14 days, a 

three-fold difference in sensitivity of the earthworms was observed. An LC50 value of 1,064 mg/kg was' 
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the lowest toxic concentration of the three reported. The ORNL earthworm vaue of 200 mg/kg for 

dimethylphthalate was obtained by dividing the LC50 (1,064 mg/kg) by a safety factor 5 (Efroymson et aI., 

1997) .. Although there are uncertainties in comparing the maximum di-n-butylphthalate concentration to 

toxicity information available for dimethylphthalate, the maximum di-n-butyl phthalate concentration is less 

than the ORNL earthworm benchmark for dimethylphthalate and impacts to invertebrates are not likely. 

Di-n-butyl phthalate was only detected in sample 09SB020002. Sample 09SB020002 is located on the 

west side of Building 2189, where pesticide spray tanks and containers were reportedly rinsed (di-n~butyl 

. phthalate was not detected in samples to the north, west, or south). For this reason, the single detection 

of di-n-bu·tyl phthalate may be related to former site activities because di-n-butyl phthalate may be used in 

the formulation of some pesticides (ATSDR, September 2001); however, the extent of contamination i$ 

very limited. The location of the di-n-butyl phthalate detection is covered by gr~vel (see Figure 6-7 for 

·Iocation 09SB02 and Appendix A for the soil boring log at this location). so there· is no habitat for 

.earthworms or plants at this location. This, combined with the fact that the concentration of di-n-butyl 

phthalate is less than toxicity data indicates that risks to plants and invertebrates from di-n-butYl. phthalate 

are acceptable; di-n-butyl phthalate is not retained as a COPC for plants and soil invertebrates. 

Na~hthalene 

Napthalene was initially selected a·s a COPC because the maxjmum detected surface soil concentration 

(0.93 mg/kg) in sample 09SB090002 exceeded the Region 5 screening level (0.1 mg/kg); however the 

EDQL is based on risks to wildlife (i.e., the masked shrew) and not risks to plants and invertebrates. 

Therefore, the maximum detected concentration was compared to the following alternate benchmark to 

evaluate risks to plants. and invertebrates. 

• . Canadian Soil Quality Guideline S<;:lG - 0.6 mg/kg [Canadian Council of Ministers of the Environment 

(CCME), 1997a] 

The Canadian SQG for naphthalene of 0.6mg/kg is based on an Effects Concentration (EC) 25 for lettuce 

of 3 mg/kg that was divided by an uncertainty factor of 5 to approximate a no effects concentration as 

presented in the protocol summary document. This method was used because only three studies were 

identified to evaluate risks from naphthalene; two were for plants and one was for invertebrates. The 

EC25 of 3mg/kg was the lowest value of the three. The maximum detection does exceed the SQG; 

. however, the. maximum detection of naphthalene does not exceed the reported Lowest Observed Effect 

Concentration (LOEC) of 3 mg/kg. 
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Napthalene was only detected in two of the 11 samples collected, The only other naphthalene detection 

(sample 09SB030002) was 0.03 mg/kg which is less than the SQG and risks to plants and invertebrates at 

this location are acceptable. Naphthalene was not detected in the two loc~tions nearest the maximum 

detection (09SB10 and 09SB11), indicating the naphthalene detection is an isolated occurrence and not 

widespread across the site. As indicated in Section 6.4.1, no distinguishable pattern of PAHs 

contamination exists; although samples 09SB030002 and 09SB090002 are located along the eastern 

border of the site along Highway 45. Detections of PAHs in these samples are likely attributable to 

vehicular traffic and not site activities. Also, as seen in photograph 3 in Figure 1-12, the area where 

sample 09SB090002 was collected consists of mowed grass surrounded by buildings and roads and not a 

high quality ecological habitat. Therefore, thEl risk to plants and invertebrates are acceptable and 

naphthalene is not retained as a cope for risks to plants and invertebrates. 

Methoxychlor 

. Methoxychlor was initially selected as a co PC because the maximum detected surface soil concentration 

(0.025 mg/kg) in sample 09SB090002 exceeded the Region 5 screening level (0.02 mg/kg); however, the 

EDQL is based on risks to wildlife (i.e.; the masked shrew) and not risks to plants and invertebrates. No 

alternate benchmarks for methoxychlor are available and so other Step 3a considerations were evaluated. 

The location with the maximum methoxychlor detection is near the former location of Building· 55; 

methoxychlor was not detected in the two locations nearest the maximum detection (09SB10 and 

09SB11), indicating the methoxychlor detection is an isolated occurrence and not widespread across the 

site. The pesticide was not detec;ted at any other sampled location; thus, the extent of contamination is 

very I.imited. Also, as seen in photograph 3 in Figure 1-12, the area where sample 09SB090002 was 

collected consists of mowed grass surroundeci by buildings and roads and not a high quality ecological 

habitat. Although the presence of methoxychlor is likely to be related to former site activities, current 

concentrations and th~ limited exposure area indicate the risk to plants and invertebrates are acceptable; 

methoxychlor is not retained as a COPC for .risks to plants and invertebrates. Because methoxychlor is a . 

bioaccumulative chemical, risks to wildlife from methoxychlor are evaluated in Section 6.7.6.3 of this ERA. 

Antimony 

Antimony was initially selected as a COPC because the maximum detected soil concentration (3.1. mg/kg) 

in sample 09SB060002 exceeded the Region 5 screening level of 0.14 mg/kg and because some site 

concentrations were greater than background concentrations; however, the EDQL is based on risks to 

• wildlife (i.e., the masked shrew) and not risks to plants and invertebrates. Therefore, the maximum 
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antimony concentration was compared to other available benchmarks to evaluate risks to plants ,and 

invertebrates: 

• ORNL Plant - 5 mglkg (Efroymson et aI., 1997b) 

• Ecological Soil Screen Level (Eco-SSL) for soil invertebrates - 78 mg/kg (U.S. EPA, 2003c) 

The. Eco-SSL for soil invertebrates is the geometric mean of the EC20 values reported for each of three 

test species (Le., Enchytraeid,Springtail, and Earthworm) under similar conditions. The maximum 

concentration of antimony at SWMU 9 is less than the Eco~SSL for soil invertebrates and so risks to.these 

receptors are acceptable. An Eco-SSL for plants is not available; however there is an ORNL plant value. 

The ORNL plant value of5mg/kg is based on a report of unspecified toxic effects on plants grown in a 

surface ~oil with the addition of 5 mg/kg antimony. The maximum concentration is less than theORNL 

plant value and so risks to plants are acceptable. Additionally, antimony was detected in justtwo of the 11 

samples collected ,in areas where grass is present further indicating that significant impacts to vegetation 

are not occurring. Therefore, risks to both plants and invertebrates are acceptable and antimony is not 

retained as a COPC for risks to plants and invertebrates. 

Copper 

Copper was initially selected as a COPC because the maximum detected soil concentration (20.1 mg/kg) 

in sample 09SB100002 exceeded the Region 5 screening level of 2.96 mg/kg and because some site 

concentrations were greater than background concentrations; however, the EDQL is based on risks to 

wildlife (Le., the masked shrew) and not risks to plants and invertebrates. Therefore, the maximum " 

copper concentration was compared to the SQG to evaluate risks to plants and invertebrates. 

• Canadian SQG -.63 mg/kg (CCME, 1997a) 

• ORNL Plant - 100 mg/kg (Efroymson et aI., ,1997b) 

• ORNL Earthworm - 60 mg/kg (Efroymson et aI., 1997a) 

. The copper Canadian SQG of 63 mg/kg is the 25th percentile of effects and no effects data distribution for 

plants and invertebrates, which is the 1 y'h of 69 data points and corresponds to an effect on radish 

seedling emergence. Copper concentrations below the Canadian SQG of 63 mg/kg are expected to be 

protective of plants and invertebrates. , The copper sulfate, copper nitrate, and copper chloride used in the 

toxicity studies are likely to be more bioavailable than the copper in the soils from the site. Copper in soil 

is likely to form relatively insoluble carbonates, oxides, and hydroxides. 'Also, as discussed above, 

although some studies ,demonstrated measurable effects, to plants and invertebrates at' copper 
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concentrations less than 63 mg/kg, the effects concentrations in many other studies were much greater 

than 63 mg/kg. 

The copper ORNL benchmark for plants (100 mg/kg) was based on toxicity data from three studies. Two 

of the studies demonstrated reductions in root and shoot weights of little bluestem grown in sandy soil to 

which 100 ppm copper (as copper sulfate) was added (Miles and Parker, 1979). The third study showed 

no effect on leaf and stem weights of bush beans grown in soil to which 100 ppm copper (as copper 

sulfate) was added, but leaf weight was reduced 26% when 200 ppm copper was added (Wallace et aI., 

1977). 

The copper ORNL benchmark for invertebrates (60 mg/kg) was based on toxicity data from 1 0 to 20 

studies. The endpoints for most of the studies cited in Efroymson et aI., (1997a) are survival or impacts 

on reproduction (Le., cocoon production, hatchling success). Because there were more than 10 studies, 

the benchmark was based on a 10th percen,tile LOEC value: However, a review of the data in Appendix 

A.1 of Efroymson et aI., (1997a) shows that most of the studies cited in that doCument have NOECs that 

are greater than 60 mg/kg . 

Although copper was statistically determined to be greater than background, the maximum concentration 

of copper (20.1 mg/kg) was similar to the background soil group 3 data set that ranged from 5.4 to 

17.1 mg/kg. Additionally, the maximum detected copper concentration (20.1 mg/kg) is less than the 

Canadian SQG and ORNL' values for earthworms and plants; therefore, impacts to plants and 

irivertebrates are not expected to occur from the observed levels of copper in SWMU 9 soil. With these 

considerations, potential risks to plants and invertebrates are acceptable; therefore, copper is not retained 

as a CO PC for risks to plants and invertebrates. However, because copper is a bioaccumulative chemical, 

risks to wildlife from copper are evaluated in Section 6.7.6.3 of this ERA. 

Lead 

Lead was initially selected as a CO PC becaus~ the maximum detected soil concentration (34.9 mg/kg) in 

sample 09SB100002 exceeded the Region 5 screening level of 0.054 mg/kg and because some site 

concentrations were greater than background concentrations. However, the EDQL is based on risks to 

wildlife (Le., the masked shrew) and not risks to I?lants and invertebrates, so the maximum concentration 

o'f lead was compared to the Eco-SSLs to evaluate risks to these receptors. 

• Eco-SSL for plants -115 mg/kg (U.S. EPA, 2003e) 

• Eco-SSL for soil invertebrates - 1,700 mg/kg (U.S. EPA, 2003e) 
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The Eco-SSL for plants is the geometric mean of the maximum acceptable toxicant concentration (MATC) 
. . 

values for four test species under three different test conditions. Soil pH values of the. tests ranged from 4 

to 6.3. The ecological endpoint for the derivation of the Eco-SSL for plants was growth. The maximum 

lead concentration is·· less than the Eco-SSL for plants. The Eco-SSL for soil invertebrates is the 

geometric mean of the.MATC values for one test species (Fo/somia candida) under three different test 

conditions (pH or 4.5 to 6.0) and is based on a reproductive endpoint. The maximum lead detection is 

less than the Eco-SSL for soil invertebrates. 

Although lead was statistically determined to be greater than background, the maximum concentration of 

lead (34.9 mg/kg) was similar to the background soil group 3 data set that ranged from 9.4 to 21.5 mg/kg 

. with a 95% UTL of 27 mg/kg. Because the maximum detected lead concentration is ·Iess than the plant 

and invertebrate U.S. EPA Eco-SSLs, risks to plants and invertebrates frornlead are acceptable and lead 
. . . 

is not . retained as a COPC for risks to plants and invertebrates. However, because lead is a 

bioaccumulative chemical, risks to wildlife from lead are evaluated in Section 6.7.6.3 of this ERA. 

Zinc· 

Zinc was initially selected as a COPC because the maximum detected soil concentration (120 mg/kg) in 

sample 09SB060002. exceeded the Region 5 screening level of 6.62 mg/kg and because some site 

concentrations were greater than background concentrations. However, even though the EDaL is based 

on risks to invertebrates, the following alternate benchmarks were used to further evaluate risks to plants 

and soil invertebrates: 

• Canadian SaG - 200 mg/kg [Environment Canada (EC), 1999d] 

The zinc Canadian SaG of 200 mg/kg is the lowest LOEC of the plants· and invertebrate data set and is 

based on C\n effect on seedling emergence for radish (Ee, 1999d). The weight-of-evidence method was 

not used to develop the SaG because greater tha:n 50 percent of the "effects" data were dominated by 

median effective or median lethal concentrations (EC, 1999d)·. As presented· in Appendix VI of the 
. . . . 

. Canadian SQG document (EC, 1999d); all of the earthworm effects and no-effects data (with the· 

exception of one test in one study) were equal to or greater than 200 mg/kg, indicating that earthworms 

appear to be less sensitive to zinc than plants. the maximum concentration of zinc is lE;lsS than the SaG 

and so risks .to plants and invertebrates from zinc are acceptable; therefore, zinc is not retained as a 

COPC for risks to plants and invertebrates. Because zinc is a bioaccumulative chemical, risks to wildlife 

from zinc are evaluated in Section 6.7.6.3 of this ERA. 
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. Table 6-29 presents a summary of the common alternate berichmarksusedin refining the list of COPCs 

in sediment, along with a summary of the Step 3a evaluation. The upgradient sediment concentrations 

are presented in Table 6-25. As can be seen in Figure 1-12 (photographs 4,5, and 6), aquatic habitat at 

SWMU 9 is very poor consisting of small drainageways. Aquatic and $edimentdwelling organisms are not 

expected at. these locations because cif the poor habitat. However, se.diment concentrations are 

compared to more appropriate benchmarks (when appropriate) to provide a quantitative evaluation. 

Aroclor~ 1248 

Aroclor-1248 was initially selected as a COPC because the maximum detected sediment concentration 

(0.38 mg/kg) exceeded the Region 5 screening level of 0.034mg/kg. However, the most recent ESL (U.S. 

EPA, 2003). is based on the Consensus-based Threshold Effect Concentration (TEC) and is therefore a 

.more appropriate value for evaluating risks to sediment invertebrates from Aroclor 1248:. 

• Consensus-based TEC - 0.0598 mg/kg (MacDonald et al.,2000) 

• Consensus-based Probable Effects Concentration (PEC) - 0.676 mg/kg (MacDonald et aI., 2000) 

The consensus-based TEC is the.· geometric mean Cif. the threshold effect level (TEL; Smith et aI., 1996), 

effect range low value (ER-L; Long and Morgan, 1991), lowest effect level (LEL; OMOE, 1993), minimal 

effect threshold (MET; EC and MENVIQ, 1992), and sediment quality advisory levels (SQALs; U.S. EPA, 

. 1997) for total PCBs.· These individual effect levels for each of the studies cited above were calculated 

using~lightly different methods, but they all represent concentrations below which impacts· to sediment 

invertebrates are either unlikely or not expected. The maximum Aroclor-1248 concentration is greater 

than the cons~nsuscbased TEC and therefore, was compared to the consensus-based PEC to provide an 

estimate of the overall risk range. The PEC was derived similarly to the TEC b.ut is the geometric mean of 

the probable effect levels (PELs; Smith et aI., 1996), effect range median values (ER-M$; Long and 

Morgan, 1991), severe effect levels (SELs; Persaud et al., 1993) and Toxic Effect Thresholds (TETs; Ec 

and MENVIQ, 1992). ThePEC is the level above which harmful effects on sediment dwelling organisms . 

. are expected to frequently occur (MacDonald, et aI., 2000). The maximum Aroclor-1248 concentration is 

less than the consensus-based PEC. 

Arciclor-1248 was only detected at sample location 09SD03 indicating that the contaminant is not 

widespread in sediment at SWMU 9 which is supported by the fact that PCBs were not detected in any 
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surface soil samples. The ditch where this sample was collected is a small drainageway surrounded by 

thick brush. During the October 2001 site visit, sediments at this location were only moist; no standing 

water was observed. Aroclor-1248 is not expected to impact aquatic receptors at this location because of 

the poor aquatic habitat (i.e., the receptors are unlikely to be present). Although possible risks to 

sediment dwelling organisms can not be ruled out at location 098003, any potential site-related risks to 

sediment dwelling invertebrates are not great enough to warrant carrying Aroclor-1248 through the BERA 

process; Aroclor-1248 is eliminated as a cope for risks to sediment dwelling invertebrates. However, 

because Aroclor-1248 is abioaccumulative chemical, risks to piscivorous wildlife from Aroclor-1248 are 

evaluated in 8ection6.7.6.3 ofthisERA. 

Aluminum 

Aluminum was initially selected as a cope because no EDQLs. are available and because 8WMU 9 

concentrations were greater than the· upgradient sediment concentration. The alternate benchmark 

selecteq for aluminum is the TEL of 25,500 mg/kg (Buchman, 1999). The TEL represents the 

concentration below which adverse effects on survival or growth of the amphipod Hyalella azteca are 
. I 

expected to occur only rarely in 28 day tests (MacDonald et aI., 2000). The maximum aluminum 

(10,800 mg/kg)· in. sample 0980050006 was below the TEL. Therefore, risks to sediment dwelling 

invertebrates from aluminum are acceptable; aluminum. is not retained as a cope for risks to sediment 

invertebrates. 

Antimony 

Antimony was initially selected as a cope because no EDQLsare available and because 8WMU 9 

concentrations were greater than the upgradient sediment concentration. The maximum detected 

sediment concentration for antimony was detected in sample 0980020006 at 1.3 mg/kg.The alternate 

benchmark selected for antimony is the ER-L of 2 mg/kg (Long and Morgan, 1991). The ER-L values' 

were developed by first sorting the chemical concentrations in sediment samples that were associated 

with adverse effects by ascending concentrations. The ER-L is the lower 10th percentile of the data: and 

,indicates the low end of, the range of concentrations observed or predicted to demonstrate effects. 

Because the maximum antimony concentration is below the ER-L, risks to sediment dwelling invertebrates 
, ' 

are acceptable. Note that there is some uncertainty in using the ER-L to evaluate risks to sediment 

dwelling invertebrates at 8WMU 9 because saltwater studies were used to develop the ER-L. Antimony is 

not retained as a cope for risks to sediment invertebrates. , 
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Arsenic was initially selected as a CO PC because the maximum detected sediment concentration 

(6.1 mg/kg) exceeded the screening level of 5.9 mg/kg. However, tlie most recent ESL (U.S. EPA, 2003) 

is based on the TEC and is therefore a more appropriate value for evaluating risks to sediment 

invertebrates from arsenic: 

• Consensus-based TEC - 9.79 mg/kg (MacDonald et aI., 2000) 

The maximum arsenic concentration is less than the consensus-based TEC so risks to sediment dwelling 

invertebrates are acceptable. Therefore, arsenic is not retained as a CO PC for risks to sediment dwelling 

invertebrates. However, because arsenic is a bioaccumulative chemical, risks to piscivorous wildlife from 

arsenic are evaluated in Section 6.7.6.3 ofthis ERA. 

Barium 

Barium was initially selected as a COPC because no EDQL was available and the maximum 

concentration (103 mg/kg) exceeded the upgradient location concentration (78.1 mg/kg). Barium 

concentrations at the other three sediment locations were less than the upgradient sample concentration. 

The only available alternate, benchmark for barium is the Apparent Effects Threshold (AET) of 48 mg/kg 

(Buchman, 1999). Based on the Navy's agreement with U.S. EPA, if a chemical only has a higher effects 

level such as an AET, the chemical will not be eliminated as a COPC even if the maximum detection is 

below the higher effects level, unless other Step 3a factors can be used to justify the chemical's 

elimination as a COPC., At SWMU 9, however, the maximum detected concentration and the upgradient, 

sample concentration are both greater than the AET. As noted for Aroclor-1248, sediment location 

09SD03 and all sediment samples at SWMU 9 were collected from very small drainage ditches that likely 

, do ·not provide sufficient habit,at to support aquatic receptors (see Figure 1-12 for photographs of SWMU 

9). Additionally, the most likely source of chemical concentrations in the sediment is run-off from the 

SWMU and barium concentrations in the sediment are lwithin the surface soil background range for 

barium '(24.8 mg/kg to 155 mg/kg). Although risks to sediment dwelling invertebrates at SWMU 9 can not 

be ruled out because of the maximum concentration, any potential site-related risks from barium are not 

great enough to warrant carrying barium through, the BERA process. Therefore, risks to' sediment 

invertebrates are acceptable; barium is not retained as a COPC for risks to sediment invertebrates . 
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Copper 

Copper was initially selected, as a COPC because the maximum detected sediment concentration 

(27.7 mg/kg) exceeded :the Region 5 screening level of 16 mg/kg and because SWMU 9 concentrations 

are above the upgradient sediment concentration. However, the most recent ESL (U.S. EPA, 2003) is 

based on the TEC and is therefore a more appropriate value for evaluating the maximum copper 

concentration: 

• Consensus-based TEC - 31.6 mg/kg (MacDonald eta!., 2000) 

The maximum copper concentration is less than the consensus-based TEC so risks to sediment dwelling 

.invertebrates are acceptable. Therefore, copper is not retained as a COPCfor risks to sediment dwelling 

invertebrates. However, because copper is a bioaccumulative chemical, risks to piscivorous wildlife from 

copper are evaluated in Section 6.7.6.3 of this ERA. 

Iron 

Iron was initially selected as a COPC because an EDOL is not available and because SWMU 9 

'concentrations were greater, than theupgradient sediinent concentration. Because an EDOL and 

consensus based TEC are not available for the screening, iron concentrations are compared to the 

Canadian LEL: 

• Canadian Sediment Guidelines LEL - 20,000 mg/kg [Ontario Ministers of the Environment (OMOE), 

1993] 

The LEL indicates the level of sediment contamination, which has no effect on and can be tolerated by the 

majority of sediment-dwelling organisms. The Canadian sediment guidelines were developed by first 

calculating the 90th percentile of the concentrations where a species was preserit, and then plotting the 
, ' , 

90th percentile concentrations for all of the species that were used to develop the guideline. The 5th 

percentile of the plot was selected as the LEL and the 95th percentile from the plot was selected' as the 

Severe Effects Level (SEL) for metals. Themaximum iron concentration (18,,600 mg/kg) was detected in 

sample 09SD030006 and is less than the LEL. Therefore, risks to sediment dwelling invertebrates from 

, iron are acceptable; iron is not retained as a COPC for risks to sediment inve'rtebrates. 
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Manganese was initially selected as a CO PC because an EOOL is not available and because SWMU 9 

concentrations were greater than the upgradient sediment concentration. The alternate benchmark 

selected for manganese is the Canadian Sediment Guidelines LEL of 460 mg/kg (OMOE, 1993). 

Manganese was detected in all four site samples collected and detected at a maximum concentration of 

1 ,300 mg/kg in sample 09S0030006. The maximum concentration is greater than the LEL. Manganese 

was also detected at location 09S004 at a concentration (1,290 mg/kg) greater than the LEL. These two 

samples are located in the same tributary; 09S003 is located within the SWMU boundaries while 09S004 

is located downstream (i.e., west of SWMU 9). However, this tributary is actually a small drainage ditch 

with very little aquatic habitat to support sediment dwelling invertebrates. The SEL for manganese is 

1,100 mg/kg. The two greatest manganese detections at SWMU 9 exceed the SEL. Manganese 

concentrations in the other two samples (0~S002 and 09S005) were less than the upgradient sample 

manganese concentration (350 mg/kg), the LEL and the SEL. Additionally, the most likely source of 

chemical concentrations in the sediment is run-off from the SWMU; however, manganese concentrations 

in the surface soil were less than background (which ranged from 23.2 mg/kg to 3,040 mg/kg) indicating 

manganese concentrations in the sediment are most likely naturally occurring. For these reasons, risks to 

sediment invertebrates from manganese are acceptable; manganese is not retain.ed as a COPC for these 

receptors. 

Vanadium 

Vanadium was initially selected as a COPC because no EOOL was available and the maximum 

concentration (21.1 mg/kg) was greater than the upgradient concentration. The only available alternate 

benchmark for vanadium is the AET of 57 mg/kg (Buchman, 1999). As noted for barium, the Navy has 

agreed with the U.S. EPA to not eliminate COPC if the chemical only has a higher effects level, unless 

other Step 3a factors can be used to justify the chemical's elimination as a COPC. For vanadium, some 

of the chemical concentrations in the sediment (12.2 mg/kg to 21.2 mg/kg) are only marginally greater 

than the upgradient concentrations of 15.2 mg/kg and less than half of the AET. Addition·ally, vanadium 

concentrations in the sediment are within the surface soil background range for vanadium (14.1 mg/kg to 

48.5 mg/kg). Therefore, although risks to benthic invertebrates can not be ruled out because of the lack 

of lower-effects toxicity data, any potential site-related risks from vanadium are not great enough to 

warrant carrying vanadium through the BERA process. Risks to sediment dwelling invertebrates are 

acceptable; vanadium is not retained as a CO PC for risks to sediment invertebrates . 
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Table 6-30 presents a summary of the common alternate benchmarks used in refining the list ?f COPCs 

in surface water, along with a summary of the Step 3a evaluation. The upgradient surface water. 

concentrations are presented in Table 6-26. Several inorganics in unfiltered surface water samples 

(aluminum, cobalt, copper, iron, lead, and manganese) were not detected in. site samples at 

concentrations greater than the upgradient concentrations (background comparisons were not ·used as a 

COPC selection criterion for organics). Any risks to these inorganics would be within background risks 

and not related to site activities. No chemicals were eliminated as COPCs in filtered surface water 

samples due to background comparisons. As can be seen in Figure 1-12 (photographs 4, 5, a.nd 6), 

aquatic habitat at SWMU 9.is very poor consisting of small drainagewaYl? Aquatic and sediment dwelling 

organisms are not expected at these locations because of the poor habitat. Water-quality standards 

· (WaS) for surface water have been developed for Indiana (IDEM, 1998). In addition, U.S. EPA has 

· established water-quality criteria (WaC) for a few contaminants (U.S. EPA, 2002). The Indiana was· 
. . 

were not used in the evaluation because the was are based on the old U.S. EPA wac. Therefore, it is 

more appropriate to use the updated U.S. EPA wac. 

2,4-0 

. . 

2,4-0 was initially selected as a COPC because no Region 5 screening level was available; however the 

updated Region 5 ESLs list a screening level of 220 .119/L. 2,4-0 was detected in only one site surface 

water sample at location 09SW02at O.18119/L. The single 2,4-0 detection is less thEm the updated ESL 

and risks to aquatic inVertebrates from 2,4-0 are acceptable; 2,4-0 is not retained. as a COPC for risks to 

aquatic invertebrates. However, because 2,4-D is a bioaccumulative chemical, risks to wildlife from 2,4-0 

are evaluated in Section 6.7.6.2 . 

. ~ : 

Cobalt 

Cobalt was initially selected as a. COPC because the maximum detected filtered surface water 

concentration (5.1 I1g/L) at sample location 09SW05 exceeded the Region 5 screening level of 5 I1g/L and 

was above the site-specific background concentration; however, the maximum concentration is less than 

· the most recent ESL of 24 119/L. Therefore, risks to aquatic invertebrates from cobalt are acceptable; 

cobalt is not retained as a COPC for risks to aquatic invertebrates. 
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Copper was initially selected as a COPC. because the single detected surface water concentration 

(7.4 Ilg/L) in sample 09SW0501-F exceeded the Region 5 screening level of 5 Ilg/L and SWMU 9 

concentrations were above site~specific upgradient concentrations. Because the wac for copper is 

. hardness-dependent, the chronic wac was calculated as· 14.8 Ilg/L using the average hardness 

concentration of 180 mg/L in sample 09SW0501-F. The maximum filtered copper concentration was less 

than the wac. Therefore, risks to aquatic receptors from copper in the surface water are acceptable; 

. copper is not retained as a CO PC for risks to aquatic invertebrates. However, because copper is a . 

bioaccumulative chemical, risks to wildlife from copper are evaluated in Sectibn6.7.6.2. 

Iron 

Iron was initially selected as a COPC because no EDOL was available and SWMU 9 concentrations were 

greater thari the upgradient surface water concentration. The maximum detected iron concentration was 

. 1 A60 Ilg/L (filtered) and was detected in sample 09SW0501; this location was collected from a drainage 

culvert leading from Building 150. During sample collection, the sed·iment at this location was noted as 

having some orange staining (see Appendix B for the field sample form). Surfac:e water depth was noted 
. '. . . . 

. as two inches and so there is little aquatic habitat at this location. All other iron concentrations (both 

filtered and unfiltered) were below 400 Ilg/L. The U.S. EPA wac:; (U.S. EPA, 2002) for iron is 1,000 Ilg/L 

sci the detected concentration at 09SW05 exceeds the wac. However, as noted previously, the aquatic 

habitat in the drainage ditches at SWMU 9 is very poor overall. Therefore, although risks to aquatic 

invertebrates are possible at location 09SW05, these risks are not great enoughtowarrant carrying iron 

through a BERA. Risks to aquatic invertebrates are acceptable and iron is not retained as a COPC for 

these receptors. 

Lead 

This inorganic chemical was retained as a COPC because the maximum. detected surface water 

concentration (2.3 Ilg/L) exceeded the Region 5 screening .leve.1 of 1 Ilg/L and SWMU .9 concentrations 

were above the upgradient concentration. Lead was only detected in one filtered sample (09SW0501-F). 

Because the WOC for lead is hardness-dependent, the chronic wac was calculated as 4.7 j.Jg/L using a 

hardness of 180 mg/Lin sample 09SW0501-F. The maximum lead concentration is below the chronic 

wac (U.S. EPA, 2002). Therefore, risks to aquatic receptors from lead in the surface water are 

acceptable; lead is not retained as a cope for risks to these receptors. However, because lead is a 

bioaccumulative chemical, risks to wildlife from lead are also evaluated in Section 6.7.6.3. 
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Because an EDQL and WQC are not available for manganese, concentrations in the surface water are 

compared to the ORNL chronic benchmark for aquatic life of 120 IlglL (Suter and Tsao, 1996). The 

ORNL chronic benchmark was developed using the Tier II method described in the U.S. EPA's Proposed 

Water Quality Guidance'for the Great Lakes System in U.S. EPA (1993b) (Suter and Tsao, 1996). Tier II 

values were developed so that aquatic benchmarks could be established with fewer data than are required 

for the U.S. EPA water quality criteria. Tier II values are concentrations expected to be higher than 
. . . 

AWQC in no more than 20 percent of cases (Suter and Tsao, 1996). Also, in the U.S. EPA 1986 Quality 

Criteria for Water (the Gold Book), it states that ions of manganese are rarely found at concentrations 

above 1 mg/L and, because the tolerance values reported range from 1.5 mg/L to over 1 ,000 mg;L 

manganese is not considered to be a problem'in fresh waters (U.S. EPA, 1986). The ORNL benchmark is 

likely lower than the tolerance values cited in U.S. EPA (1986) because of the numerous uncertainty 

factors used to calculate the benchmark (Suter and Tsa6, 1996). Although the maximum detected· . 

concentration in filtered samples was 532 Ilg/L (location 09SW02), the preceding information indicates the 

maximum manganese concentration is likely not adversely impacting aquatic invertebrates. Additionally, 

as has been previously noted, the aquatic habitat in the drainage ditches is very poor and aquatic 
\ 

receptors are not likely present. . For these reasons, risks to aquatic invertebrates from manganese are 

acceptable; manganese is not retained as a COPC for risks to these receptors. 

6.7.6.2 Risks to Terrestrial Wildlife 

The discussions in Sections 6.7.6.1 and 6.7.6.2 were not designed to evaluate risks to wildlife through 
. . 

ingestion of food items, drinking water, and incidental ingestion of soil. Instead, a food-chain model was 

used to evaluate potential risks posed by COPCs to upper-level terrestrial wildlife receptors. Section. 

3.4.4.2 describes the. food-chain model methodology. Chemicals evaluated in the terrestrial food-chain 

model were limited to those identified by the U.S. EPA as bioaccumulative (U.S. EPA, 2000). Separate 

discussions are provided below for evaluations of potential risk to insectivorous, herbivorous and 
, 

piscivorous receptors. The maximum concentration detected in t~e surface water and sediment samples 

is used for the conservative food chain model. because less than· 10 samples o.f· these media were 

collected. However, the 95% UCL was used in the conservative food chain model for surface soil. The 

. average detected concentrations were used for 'theaverage food chain models. Appendix H.4 presents 

. the spreadsheets used to calculate the dose~ and EEQs. 
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Table 6-31 presents the terrestrial wildlife model EEQs based on conservative input parameters for the 

meadow vole, short-tailed shrew, American robin, and bobwhite quail. All NOAEL based EEQs were less 

than 1.0 except for lead and zinc in the American robin model. NOAEL based EEQs for lead and zinc in 

the American robin food chain model were 12 and 15, respectively. LOAEL based EEQs for these metals 

were 1.2 and 1.7, respectively. 

Table 6-32 presents the terrestrial wildlife model EEQs based on average input parameters (NOAELs and 

LOAELs) for the American robin. Food chain modeling was performed using exposure' parameters for the 

American robin only forJead and zinc because only these chemicals had NOAEL based EEQs greater 

than 1.0 under the maximum input, conservative scenario. The NOAEL EEQs for lead and zinc are 3 and 

2.7, respectively. LOAEL based EEQs for these metals were less than 1.0. 

Average COPC concentrations are typically more realistic exposure point concentrations (EPCs) for birds 

... than mCl?<imum concentrations because birds are exposed to COPC concentrations throughout the 

SWMU, rather than a single location. However, for SWMU 9, average COPC concentrations may 

overestimate risks to birds because some of the surface soil samples were collected in areas where there 

is little ecological habitat (i.e., covered by gravel). 

The avian NOAEL .and LOAEL for lead were developed from a study in which no adverse effects were 

observed among Japanese quail consuming 10 mg/kg lead, but where reproduction was less impaired at 

100 mg/kg (Sample et aI., 1996). Because the study was greater than 12 weeks in duration and 

considered exposure during reproduction, the 10 mg/kg dose was considered a chronic NOAEL . 

(1.13 mg/kg-day) and the 100 mg/kg dose was considered a chronic LOAEL (11.3 mg/kg-day). The EEQ 

based on the NQAEL was slightly greater than 1 and the dose was closer to the NOAEL than the LOAEL 

so risks to birds are unlikely after consideration of other factors as discussed below. 

The ~vian NOAEL and LOAEL for zinc were dev€lloped 'from a study in which no adverse effects were 

observed among hens consuming 48 and 228 mg/kg zinc, but where egg hatchability was less than 20% 

of controls among hens consuming 2,028 mg/kg zinc (Sample et aI., 1996). Because the study was 

greater than 10 weeks in duration and considered exposure during reproduction, the 228 mg/kg dose was 

considered a chronic NOAEL (14.5 mg/kg-day) and the 2,028 mg/kg dose was considered a chronic 

LOAEL (131 mg/kg-day). The EEQ based on the NOAEL was slightly greater than 1 and the dose was 

closer to the NOAEL than the LOAEL so risks to birds' are unlikely after consideration of other factors as 

, discussed below. 
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Although, risks to birds consuming earthworms· and other invertebrates are possible because the NOAEL 

EEOs calculated for lead and zinc were greater than 1 .0, actual site-related risks are unlikely for the 

following reasons: 

-Although the concentrations of lead and zinc in the surface soil were determined to be statistically 

greater than the concentrations in the background data set, the concentrations in most of the samples 

were less than the maximum concentrations in the background samples. Therefore, it is likely that 

lead and zinc in the ·surface soil are not related to site activities. 

. . . . : 

- The NOAEL EEOs were only slightly greater than 1.0 with values of 3.0 and 2.7 for lead and zinc, 

respectively. Although the exact threshold for effects is not known, the calculated dose·for robins in 

the food chain model is closer .to the no-effects level than the lowest-effects level so it is less likely 

that effects will occur. Also; the bioavailability of the metals used in the toxicity te~t to develop the 

NOAELs ·and LOAELs is greater than the bioavailability in the soil at the site. 

• 

- Several of the locations where samples. were collected were in areas with poor habitat,if any. • 

Therefore, robins would not obtain a significant portion of their food from this area. 

For all these reasons, it is unlikely that lead and zinc will impact robins feeding at the site, but any impacts, 

would not likely be related to site aCtivities. Therefore, risks from lead and zinc are acceptable; lead and 

zinc are not retained a COPCs for risks to birds. 

6.7.6.2.2 Risks toPiscivorous Receptors 

. Table 6-33 presents the terrestrial wildlife model EEOs.based on the conservative input parameters for 

the raccoon and belted· kingfisher. Aroclor 1248 had NOAEL and LOAEL based EEOs greater than 1.0 in 

. both the raccoon and kingfisher models. NOAEL and LOAEL EEOs for Aroclor 1248 were 190 and 19, 

respecti~ely in the raccoon model· and 11· and 1.1, respectively in the kingfisher model. All other 

chemicals (including 2,4-D, arsenic, copper, and lead) had NOAEL and LOAEL based EEOs greater than 

1.0 in the raccoon food chain model but were less than 1.0 in the kingfisher model (a NOAEL and LOAEL 

was not available for 2,4-D for the kingfisher) (see Table 6-33). 

Table 6-34 presents the terrestrial wildlife model EEOs based on average input parameters (NOAELs and· 

LOAELs) for the raccoon and belted kingfisher. Overall; most EEOs were greater than 1.0. NOAEL and 

LOAEL based EEOs for Aroclor 1248 exceeded 1.0 with EEOs of 28 and 2.8, respectively in the raccoon 

110110ip 6-68 CTO 0010 

I . 

• 



• 

• 

• 

NSWC Crane 
RFIReport for SWMUs 4,5, 9,JO 

Revision: 4 
Date: July 2005 

Section: 6 
Page 69 of 76 

model. Only the NOAEL based EEQfor Aroclor 1248 exceeded 1.0 in the kingfisher model with an EEQ 

of 2.6. NOAEL and LOAEL based EEQs for 2,4-D were both below 1.0 in the raccoon model. However, 

NOAEL and LOAEL based EEQs for arsenic and copper were still greater than 1.0 in the raccoon model 

with EEQs of 1,600 and 160 (arsenic, respectively) and 1.8 and 1.4 (copper, respectively). Only the 

·NOAEL based EEQ for lead (7.0) exceeded 1.0 in the raccoon model. 

Aroclor-1248, arsenic, and copper are the only chemicals with EEQs greater than 1.0 using the LOAEL, 

average concentrations, and average exposure parameters forpisc,ivorous species. Aill LOAEL based 

EEQs were greater than :1.0 in the raccoon food chain model. Although, risks to mammals consuming fish 

are possible because the LOAEL EEQs calculated for several inorganics were greater than 1 .0, actual 

site-related risks are unlikely for the following reasons: 

• The water bodies associated with SWMU 9 are expected to account for only a small portion of the 

raccoon's diet, because the home range of the raccoon (>250 acres) is much larger than the SWMU. 

Also, the streams are very small and likely do not have large enough numbers of fish, if any, to' 

support the diet of raccoons . 

• As presented in Section 6.7.6.1.3, the most likely source of metals in sediment is surface soil run-off 

from SWMU 9. Arsenic in the surface soil sample is within background concentrations (see Table 6-

24) and is not site-related. Therefore, it is likely that risks from arsenic in the sediment are not related 

to site activities so any risks "Yould not be related to site activities. 

• All . the metals have high EEQs, in part, because there are no sediment to fish BAF values for 

inorganics. Therefore, a BAF of 1.0 is used in the model, which assumes that the fish or invertebrate 

tissue concentrations are equal to th~ sediment concentrations. This likely' overestimates the 

exposure dose to the raccoon, which then increases the calculated EEQs. 

• EEQs for the metals are high in the raccoon food chain model in part due to the weight of the raccoon 

and the conservative scaling of the food chain modeling. Because the raccoon has a much greater 

body weight than the test species u\>ed in developing the TRVs, the NOAELs and LOAELs are 

calculated to b'e significantly lower than TRVs developed with the test species, increasing the 

calculated risk. This approach is conservative but may be overpredicting risk. 

• The location of the only Aroclor-1248 detection (09S~03) was within a ditch; no water was observed 

within the ditch during the October 2001 site visit and no fish were present. Therefore, there is little 

exposure of piscivorous birds and mammals to PCBs 
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. For the reasons listed above, risks to piscivorous birds and mammals are acceptable so Aroclor-1248 and 

metals are not retained as COPCs in sediment for risks to birds and mammals. 

6.7.7 Ecological Risk Uncertainty Analysis 

Section -3.4.6 in the general methodology section presents the uncertainties that apply to ~II of the 

SWMUs. The uncertainty analysis presented in this section includes tile uncertainties associated with 

SWMU 9. 

6.7.7.1 Measurement and Assessment Endpoints 

As presented in Section 6.7.2, several assessment endpoints were selected for this risk assessment, 

including the selection of piscivorous wildlife. However, the drainageways adjacent to SWMU 9 are small 

and unlikely to contain a significant fish population, if any. Therefore, risks to piscivorous wildlife are 

overestilTlated. 

Risks to. reptiles and amphibians are not quantitatively evaluated because exposure factors are not 

established for most species and toxicity data are very limited. Using aquatic organisms as a surrogate 

species, risks to amphibians -exposed to the surface water and sedinwnt are expected to be low based on 

the Step 3a evaluations. Potential risks to reptiles cannot be evaluatedih-this ERA because of a lack of 

. toxicity and exposure data (see below for a discussion of potential risks to the timber rattlesnake). 

Food-chain modeling was not conducted for large carnivorous mammals and birds for several reasons 

including, the uncertainty of estimating contaminant uptake into the diet source (small mammal tissue) 

and area use factors disc(jssed in Appendix H.2 .. Two SVOCs, ·one pesticide, and four inorganics were 

. initially selected as COPCsfor surface. soil samples. Of these chemicals only the pesticide and three 

inorganics are considered important bioaccumulative chemicals (U.S. EPA, 2000). Methoxychlor was 

retained as a COPC with an EEQ. of 1.26. Pesticides are known to be related to past site activities, 

. however, detections are .Iow and typical of concentrations associated with· spot applications rather than an 

environmental release related to past SWMU9 activities. Althougr methoxychlor is bioaccumulative, the 

low detection frequency and relatively low concentrations do not warrant concern for carnivorous 

mammals and birds. Finally, metals typically do not biomagnify in terrestrial systems (Newman, 1998). 

Therefore, although some chemicals detected at SWMU 9 may accumulate in the tissue of small· 

mammals, risks to carnivorous birds and mammals are expected to be lower than the risks to the small 

herbivorous or insectivorous mammals and birds. This is because the accumulation factors from soil to 

110110/P 6-70 CTO 0010 

• 

• 



• 

• 

• 

'. 'f" '. " . 

NSWC Crane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 4 
Date: July 2005 

Section: 6 
Page 71 of 76 

wildlife, soil to plants, and soil to invertebrate are similar (U.S. EPA, 1 ~99) but ca:rnivorous birds and 

mammals are expected to obtain only a small fraction of their food from SWMU 9. The boundaries of ' 

'SWMU 9 are approximately 11 acres and home ranges of the red fox and red-tailed hawk are 193 acres 

and 370 acres, respectively (U.S. EPA, 1993). The food chain EEQs assume that the small herbivorous 

or insectivorous mammals and birds at SWMU 9 obtain all of their food from the site. ' 

As discussed in Section 1.3.7, several endangered and threatened species or species of special concern 

,are present at NSWC Crane, and, potentially may inhabit SWMU 9, Risks to these species were, not 

specifically calculated so the uncertainties of not calculating risks to these species are presented here. As ' 

discussed above, risks to large carnivorous mammals and birds are expected to be negligible so risks to 

the bobcat, bald eagle, "Northern harrier, and osprey are expected to be, negligible, as are risks' to 
, ' 

carnivorous'reptiles such as the timber rattlesnake. Loggerhead shrikes and the sedge wren consume 

'mostly aboveground insects,such as caterpillars, beetles, spiders, and'flies, as opposed to the worms that 
, ' 

are consumed by the American robin in the food-chain model. ,Because worms are in direct contact with 

exposure to the soil, it is expected that they would have greater levels of contaminants at SWMU 9 than 

aboveground insects; therefore, 'risks to the robin from consuming worms ar~ expected to be greater than 
. . . .' 

, risks to the loggerhead shrike and sedge" wren from consuming aboveground insects; Risks to the worm 

, eating American robin from chemicals in the surface soil ,and surface water were determined to be 

acceptable; therefore, risks to the loggerhead shrike and sedge wren also are expected tobe even lower 

than risks, to robins. The American bittern is a marshland loving bird that feeds on fish, frogs; eels, 

, insects, and water snakes. Although there is some aquatic habitat that may be suitable for the bittern, the 

presence of the bittern is unlikely at SWMU 9 and risks to the belted kingfisher were very low. Therefore, 

risks which to the American bittern, if present at SMWU 9, also would be very low. 

Finally, there are uncertainties in risks to reptiles because there is, a lack of exposure factors for reptiles 

and a lack of reptile toxici.ty data for the detected chemicals. As discussed in Section 1.3.7, one 

threatened reptilian species is listed as potentially present at NSWC Crane. Based on the preferred 

habitat of the timber rattlesnake and the ecology of SWMU 9, this species may potentially inhabit areas of 

SWMU 9. "Risks to these species were not specifically calculated so uncertainties exist as to how this 

species would be affected ifan exposure to site chemical concentrations occurred. 

6.7.7.2 Exposure Characterization 

No additional uncertainty information on the exposure characterization was determined for SWMU 9. 
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Toxicological data for a few of the chemicals initiallyselected as COPCsare limited or do not exist. This 

occurred for a few inorganics in the surface soil, but it did not affeCt the outcome of the risk assessment 

because the chemicals without toxicity data are detected at concentrations below base-specific 

background levels. This also occurred for some inorganics in the sediment, but it did not affect the 

outcome of the risk assessment because other Step 3a factors were used to evaluate the chemicals 

without toxicity data. 

Several alternative benchmark values were used to gain a better understanding of the. relationship 

between ,the maximum concentration values of the selected COPCs and the overall risk. There is some 

uncertainty involved when using these alternative benchmarks (Table 6,28). The Canadian Soil Quality 

Guidelines, which are used as alternative benchmarks for both plants and invertebrates, are based on 

effects to either plants or invertebrates and thus, differentiation of risk to plants versus risk to invertebrates 

cannot be made using the Canadian guidelines.. However, this did not affect the outcome of the·. risk 

assessment because the toxicological bases of the SQGs were reviewed before inclusion in the risk . 

assessment. The ORNL values are separated into guidelines for plants and guidelines for invertebrates . 

However, the values are limited to only a few chemicals. 

6.8 CONCLUSIONS 
\ . 

Tables 6-28, 6-29, 6-30, and 6-35 present summaries of the Step .3a evaluation including the overall 

conclusion of whether chemicals initially selected as COPCs are retained as COPCs after the refined 

evaluation. 

Based on the SERA and the first step of the BERA (step 3a), the following conclusions were made: 

Terrestrial Plants and Invertebrates· 

After the initial screening, two SVOCs and fqur inorganics were·initially selected as COPCs. The potential 

risks to terrestrial vegetation and soil invertebrates associated with all the COPCs in the surface soil were 

further evaluated to determine whether site-related risks from the chemicals were acceptable or whether 

the risks were great enough to warrant retai!1ing the chemicals as GOPCs and proceeding further into the 

BERA. 

• 

• 

The di~n-butyl phthalate concentration,in the only sample in which it was detected, was less than • 

benchmarks for plants and soil invertebrates. Also, the location .of the only detection was in a surface s~il 
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sample collected under a layer of gravel where there is no habitat for ecological receptors [see Figures 

" 1~12 (site photographs) and 6-7 (sample locations)]. Therefore, impacts to plants and inve~ebrates from 

di-n-butyl phthalate are" not expected. Naphthalene was detected in 2 of 12 samples, but only the 

detected concentration in one sample slightly" exceeded the Canadian SQG for risks to plants and 

invertebrates. This sample was located adjacent to Highway 45 so it is likely that the PAHs are related to 

vehicular traffic. Also, the area where the sample had a detected concentration of" naphthalene greater 

than the SQG consists of mowed grass surrounded by a buildings and roads and is not a high quality 

ecological habitat. Therefore, it was determined that risks to plants and invertebrates from SVOCs in the 

soil were acceptable so SVOCs were not retained as Copes for risks to plants and invertebrates. 

Of the four ino~ganics that were detected as COPCs in the surface soil, all of the detected concentrations 

were less" than benchmarks for plants and invertebrates so impacts to plants and invertebrates from 

inorganics in the soil are not expected. Therefore, it was determined that risks to plants and invertebrates 

from inorganics in the soil were acceptable so inorganics were not retained as COPCs for risks to plants 

and invertebrates. 

"In summary, no chemicals were retained as COPCs for risks to plants or invertebrates. However, 

because some of the inorganics are considered to be bidaccumulative chemicals~ risks to terrestrial 

wildlife from inorganics are evaluated in Section 6.7.6.2 of this ERA to be conservative. 

Benthic Invertebrates 

After the initial screening, Aroclor 1248 and eight inorganics were initially selected as COPCs. Potential 

risks to sediment invertebrates associated with all the COPCs iri"the sediment were further evaluated to 

determine whether site-related risks from the chemicals were acceptable and/or whether the risks were 

great enough to warrant retaining the chemicals as COPCs and prpceeding further into the SERA. 

The only detected concentration of Aroclor-1248 was from a sample ina small drainageway surrounded 

by thick brush. During the Octqber 2001 site visit, sediments at this location were only moist; no standing 

water was observed. Therefore, Arocior-1248 is not expected to impact aquatic receptors at this location 

because of the poor aquatic habitat (i.e., the receptors are unlikely to be present). For that reason, it was 

determined that risks to sediment dwelling invertebrates are not great enough to warrant carrying Aroclor-

1248 through the SERA process; ·Arocior-1248 is eliminated as a COPC for risks to sediment" dwelling 

invertebrates. 
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Aluminum, antimony, arsenic, copper, and iron, were detected at concentrations less than the lower . 

effects levels indicating that impacts to benthic invertebrates are unlikely. The detected concentrations of 

vanadium were less than the higher effects levels. Finally, the detected concentrations of barium and 

manganese were greater than higher effects levels indicating the potential impacts to sediment 

invertebrates Were probable. The detected concentrations of barium, manganese, and vanadium in the 

surface soW are within background concentrations and are not site-related. The most likely source of 

metals in sediment is surface soil run-off from SWMU 9. Therefore, although it is possible that the 

concentrations of some inorganics in the sediment are adversely impacting benthic invertebrates at some 

locations, the inorganics in the sediment do not appear to be related to site activities. Also, the aquatic 

habitat in the drainage ditches were the sediment samples were collected .is relatively poor. For these 

reasons, site-related risks to benthic invertebrates from inorganics were determined to be acceptable so 

inorganics were not retained as COPCs for risks to sediment dwelling invertebrates. 

In summary, no chemicals were retained as COPCs for risks to sediment invertebrates. However, 

because Aroclor-1248 and several of the inorganics are bioaccumulative chemicals, risks to piscivorous 

wildlife from these inorganics in the sediment are ·evaluated in Section 6.7.6.2 of this ERA. 

Aquatic Organisms 

After the initial screening, one herbicide and five inorganics were initially selected as COPCs. Potential 

risks to aquatic receptors associated with all the COPCs in the surface water were further evaluated to 

determine whether' site-related risks from the chemicals were acceptable or whether the risks were great 

enough to warrant retaining the chemicals as COPCs and proceeding further into the BERA. 

The single 2,4-0 and cobal! detections are less than the updated ESLs so risks t6 aquatic invertebrates 

. from 2,4-0 and cobalt are acceptable; 2,4-0 and cobalt are not retained as COPCsfor risks to aquatic 

invertebrates .. 

Also, the concentrations of copper and zinc were less than U.S. EPA wac (after adjusting for site-specific 

hardness) so risks to aquatic receptors from these metals are ,}ot likely. The manganese levels in surface 

water are below levels expected to cause toxicity to aquatic receptors. Finally, the detected concentration 

of iron in one sample was greater than its wac. However, the sample was collected from a drainage. 

culvert with little ecological habitat. Therefore; risks to aquatic receptors from inorganics in the surface 

water at SWMU 9 are acceptable so the inorganics were eliminated as COPCs for risks to aquati<;: 

receptors. 

( 
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In summary, no chemicals were retained as COPCs for risks to aquatic organisms. However, because 

2,4-D, copper, and zinc are bioaccumulative, risks to piscivorous wildlife from the these chemicals are 

evaluated in Section 6.7.6.2 of this ERA. 

Summary of Food Chain Modeling 

After the initial screening, methoxychlor, and three several inorganics were initially selected as COPCs for 

potential risks to mammals and birds. Also, Aroclor-1248, 2,4-D, and three inorganics in sediment/surface 

water were included in the food chain model for piscivorous mammals and birds. The potential risks to 

mammals and birds associated with all the COPCs in the surface soil, sediment, and/or surface water 

were further evaluated.to determine whether site-related risks from the chemicals were acceptable or 

whether the risks were great enough to warrant retaining the chemicals as COPCs and proceeding further 

into the SERA. 

Risks to Insectivorous/Herbivorous Receptors 

In the less conservative food chain model, the NOAEL EEQs calculated for lead and zinc in the American 

• robin model are greater than 1.0. No LOAEL: EEQs were greater than 1.0 in the less conservative food 

chain model. 

• 

Although the NOAEL EEQs calculated for lead and zinc in the robin model are greater than 1.0, site

related impacts to birds are not expected from lead and zinc for..several reasons: 

• Although the concentrations of lead and zinc in the surface soil were determined to be statistically 

greater than the concentrations in the background data set, the concentrations in most of the samples 

were less than the maximum concentrations in the background samples. Therefore, it is likely that 

lead and zinc in the surface soil are not related to site activities. 

• The NOAEL EEQs were only slightly greater than 1.0 with values of 3.0 and 2.7 for lead and zinc, 

respectively. Although the exact threshold for effects is not known, the calculated dose for robins in 

the food chain model is closer to the no-effects level than the lowest-effects level so it is less likely 

that effects will occur than will occur. Also, the bioavailability of the metals used in the toxicity test to 

develop the NOAELs and LOAELs are greater than the bioavailability in the soil at the site .. 

• Several of the locations where samples were collected were in areas with poor habitat, if any . 

Therefore; robins would not obtain a significant portion of their food from this area. 
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For all these reasons, it is unlikely that lead and zinc will impact robins feeding at the site, but any impacts, 

would not likely be related to 'site activities. Therefore, risks from lead and zinc are acceptable; lead and 

zinc are not retained a COPCs for risks to birds. 

Risks to Piscivorous Receptors 

In the less conservative food chain model, the NOAEL and LOAEL EEQs calculated for Aroclor-1248, . 

2,4-0, and three inorganics in the raccoon mo'del are greater than 1.0, anc;:l NOAEL and LOAEL EEQs 

calculated for Aroclor 1248 for the kingfisher are greater than 1.0. Although, risks to mammals consuming 

fish are possible because the LOAEL EEQs calculated for several chemicals were greater than 1 .0, actual 

site-related risks are unlikely for the following reasons: 

• The drainage ditches are very small and do not support· many fish, if any. Also, though the 

piscivorous wildlife .may cOlls!Jme some small invertebrates from the drainage ways, the water bodies 

associated with SWMU 9 are expected to account for only a small portion of the raccoon's diet, 

. because of the raccoon's home range an because the streams are very small and likely do not have 

large enough numbers of fish to support the diet of raccoons. 

• The exposure dose to the raccoon is likely overestimated by using default B~Fs of 1.0 are used in the 

food chain model to estimate fish tissue concentrations from the sediment because chemical-specific. 

BAFs for metals are not availablE1. This overestimate of dose causes the EEQ to be overestimated. 

• Because the raccoon has a greater body weight than the test species used in develpping the TRVs, 

the NOAELs and LOAELs calculated for the raccoon are lower than TRVs developed with the test 

species, increasing the calculated risk. This is especially true for 2,4-0 and metals w~ich have 

calculated NOAELs and LOAELs for the raccoon of 7 (copper), 20 (2,4-0 and lead), and 228 (arsenic) 

times lower than .the NOAELs and LOAELs for the test species. 

In summary, for the reasons listed above, but primarily because of the lack of aquatic habitat, risks to 

piscivorous birds and mammals are acceptable; Aroclor-1248, 2,4-0, arsenic, copper, and lead are not 

retained as COPC in sediment for risks to mammals. 

/ 

110110/P 6-76 CTO 0010 

• 

• 

• 
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Location Sample 
Depth 

GROUND WATER 

09-02 

09-03 

09-04 

09-07 

09-10 

09-12 

09T01 

09T02 

09T03 

09T04 

09T05 

09-WTP5 

09-WTP6 

SURFACE WATER 

09SW/SD01 

09SW/SD02 

09SW/SD03 

09SW/SD04 

09SW/SD05 
---

• 
TABLE 6-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
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Sample Number Analyses 

App.IX App.IX App.IX App.IX App.IX 
VOCs VOCs SVOCs (PAHs Pest./PCBs Herbicides 

(8260B) (8015B) via SIM) 

09GW0201 X X X X X 

09GW0301 X X X X X 

09GW0401 X X X X X 

09GW0701 X X X X X 

09GW1001 X X X X X 

09GW1201 X X X X X 

09GWT0101 X X X X X 

09GWT0201 X X X X X 

09GWT0301 X X X X X 

09GWT0401 X X X X X 

09GWT0501 X X X X X 

09GWTP0501 X X X X X 

09GWTP0601 (upgradienl) X X X X X 

09SW0101 (upgradienl) X X X X X 

09SW0101-F NA NA NA NA NA 

09SW0201 X X X X X 

09SW0201-F NA NA NA NA NA 
09SW0301 X X X X X 

09SW0301-F NA NA NA NA NA 
09SW0401 X X X X X 

09SW0401-F NA NA NA NA NA 
09SW0501 X X X X X 

09SW0501-F NA NA NA NA NA 
-- - --- - -

• 

TAL Cyanide Miscellaneous 
Metals + Parameter~ (1) 

Sn 
----- ~ J 

X X NA 
X X NA 
X X NA 
X X NA 
X X NA 
X X NA 
X X' NA 
X X NA ~:r'-

X X NA 
X X NA 
X X NA 
X X NA 
X X NA 

X X X 

X NA NA 
X X X 

X NA NA 
X X X 

X NA NA 
X X X 

X NA NA 
X X X I 

I X NA NA 
- -- ~-- --_._-



Location Sample 
Depth 

SURFACE/SUBSURFACE SOIL 

095801 0- 2 feel bgs 

1 ·2 feel bgs 

8 - 10 feel bgs 

095802 0- 2 feel bgs 

1 - 2 feel bgs 

6 - 8 feel bgs 

095803 0- 2 feel bgs 

1 - 2 feel bgs 

4 - 6 feet bgs 

095804 0-2 feet bgs 

1 - 2 feet bgs 

4 - 6 feet bgs 

095805 0- 2 feet bgs 

1 - 2 feet bgs 

4 - 6 feet bgs 

095806 0- 2 feet bgs 

1 - 2 feet bgs 

8 - 10 feet bgs 

095807 0- 2 feet bgs 

. 1 - 2 feet bgs 

7 - 9 feet bgs 

• 

TABLE 6-1 
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Sample Number Analyses 

App.IX App.IX App.IX App.IX App.IX 
VOCs VOCs SVOCs (PAHs Pest.IPCBs Herbicides 

(8260B) (8015B) via SIM) \ 

0958010002 NA "NA X X X 
0958010102 X X NA NA NA 
0958010810 X X X X X 
0958020002 NA NA X X X 

0958020102 X X NA NA NA 
·0958020608 X X X X X 

0958030002 NA NA X X X 

0958030102 X X NA NA NA 
0958030406 X X X X X 

0958040002 NA NA X X X 

0958040102 X X NA NA NA 
0958040406 X X X X X 

0958050002 NA NA X X X 

0958050102 X X NA NA NA 
0958050406 X X X, X X 

0958060002 NA NA X X X 

0958060102 X X NA NA NA 
'0958060810 X X X X X 

0958070002 NA NA X X X 

0958070102 X X NA NA NA 
0958070709 X X X X X 

• 

-
TAL Cyanide Miscellaneous 

Metals + Parameters (1) 
Sn 

X X NA 

NA NA NA 

X X X 

X X NA 

NA NA NA 

X X NA 

X X NA 

NA NA NA 

X X X 

X X X 

NA NA NA 

X X NA 

X X X 

NA NA NA 

X X NA 

X X NA 

NA NA NA 

X X NA I 
X X X 

NA NA NA I 
X X NA 

• 
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TABLE 6-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA· 

NSWC CRANE, CRANE, INDIANA 
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Location Sample Sample Number Analyses 
Depth 

09SB08 0- 2 feet bgs 09SB080002 

1 - 2 feet bgs 09SB080102 

4 - 6 feet bgs 09SB080406 

09SB09 0- 2 feet bgs 09SB090002 

1 - 2 feet bgs 09SB090102 

8 - 10 feet bgs 09SB090810 

09SB10 0- 2 feet bgs 09SB100002 

1 - 2 feet bgs 09SB100102 

2 - 4 feet bgs 09SB100204 

09SB11 0- 2 feet bgs 09SB110002 

1 - 2 feet bgs 09SB110102 

4 - 6 feet bgs 09SB110406 
-

SEDIMENT 

09SW/SD01 0-6 inches 09SD010006 (upgradient) 

09SW/SD02 0-6 inches 

09SW/SD03 0-6 inches 

09SW/SD04 0-6 inches 

09SW/SD05 0-6 inches 

App. IX = Appendix IX. 
NA = Not analyzed. 

09SD020006 

09SD030006 

09SD040006 

09SD050006 

PAHs = Polycyclic aromatic hydrocarbons. 
Pest/PCBs = Pesticides and polychlorinated biphenyls. 
SIM = Selective ion monitoring. 

-

App.IX App.IX App.IX App.IX 
VOCs VOCs SVOCs (PAHs PestJPCBs 

(8260B) (8015B) via SIM) 

NA NA X 

X X NA 

X X X 

NA NA X 

X X NA 

X X X 

NA NA X 

X X NA 

X X X 

NA NA X 

·X X NA 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

Sn = Tin. 
SVOCs = Semivolatile organic compounds. 
TAL = Target analyte list. 
VOCs = Volatile organic compounds. 

X 

NA 

X 

X 

NA 

X 

X 

NA 

X 

X 

NA 

X 

X 

X 

X 

X 

X 

App.IX 
Herbicides 

X 

NA 

X 

X 

NA 

X 

X 

NA 

X 

X 

NA 

X 

X 

X 

X 

X 

X 

TAL Cyanide 
Metals + 

Sn 

X X 

NA NA 

X X 

X X 

NA NA 

X X 

X X 

NA NA 

X X 

X X 

NA NA 

X X 

X X 

X X 

X X 

X X 

X X 

• 

Miscellaneous 

Parameters (1) 

NA 

NA 

X 

NA 

NA 

X 

NA 

NA 

X 
.. 

NA 

NA 

NA 

X 

X 

X 

X 

X 

: 

,t~ 
; 

~ 
~j 
'0· 
~ t." 

f;: 
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TABLE 6-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
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Note: Sample numbers ending with .oF" were field filtered prior to metals analyses, 

Miscellaneous Parameters 

• 

• surface and subsurface soil samples were analyzed for Cation Exchange Capacity, pH, and total organic carbon. 
• ground water samples were not analyzed for miscellaneous parameters. 
• surface water samples were analyzed for hardness and total suspended solids. 
· sediment samples were analyzed for total organic carbon. 

• • 



• 
Sample Identification 

Depth Range ('eal bgo) 

Soli Group: 

Volallle. (~glkg) 

• 
TABLE 6-2 

SUMMARY OF POSITIVE SURFACE SOil ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROLJR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
'PAGE 1 OF 3 

• 

IMETHYlENECHLORiDE _ul 4 J 1- ~[4 U=r 5 J 3 U 3 U 3 U 3 U 

Seml-Volame. (~glkg) 

2-METHYLNAPHTHALENE 8 U 8 U 40 8.00 U 9.00 U 8.00 U 8.00 U 
ACENAPHTHENE 8 U 8 U 20 8.00 U 9.00 U 8.00 U 8.00 U 
ACENAPHTHYLENE 8 U 8 U 18 8.00 U 9.00 U 8.00 U 8.00 U 
ANTHRACENE 8 U 8 U 52 8.00 U 9.00 U 8.00 U 8.00 U 

BENZO(A)ANTHRACENE 8 U 8 U 150 8.00 U 9.00 U 18.0 8.00 U 

BENZO(A)PYRENE 8 U 8 U 130 8.00 U 9.00 U 22.0 J 8.00 U 

BENZO(B)FLUORANTHENE 8 U 8 U 120 8.00 U 9.00 U 40.0 J 9.00 
BENZO(G,H,I)PERYLENE 8'U 9 57 8.00 U 9.00 U 26.0 J 8,00 U 

BENZO(K)FLUORANTHENE 8 U 8 U 110 J 8.00 U 9.00 U 18.0 J 8.00 U 

CHRYSENE 8 U 8 U 140 8.00 U 9.00 U 29.0 10.0 

DI-N-BUTYL PHTHALATE 380 U 1200 410 U 420 U 440 U 400 U 400 U 

DIBENZO(A,H)ANTHRACENE 8 U 8 U 29 8.00 U 9,00 U 9.00 UJ 9.00 U 

FLUORANTHENE 9 U 8 300 J 8.00 UJ 9,00 U 23.0 9.00 U 

FLUORENE 9 U 8 U 29 8.00 U 9.00 U 9.00 U 9.00 U 

INDENO(I,2,3-CD)PYRENE 9 U 8 U 58 8.00 U 9.00 U 14.0 J 9.00 U 

NAPHTHALENE 9 U 8 U 30 9.00 U 9,00 U 8.00 U 9.00 U 

PHENANTHRENE 8 U 9 U 300 J 9.00 U 9.00 U 8.00 U 13.0 

PYRENE 
-- ---

8 U , 8 U 
-- I 23_q~ L-. ____ 8.00 UJ 9.00 U 28.0 13.0 ---

Pe.tlclde. (~glkg) 

4,4'-DDT 

METHOXYCHLOR 

Herbicide. (~glkg) 

2,4-D 

DINOSEB 

PENTACHLOROPHENOL 

Inorganlco (mglkg) 

ALUMINUM 8680 J 11900 J 8950 J 10900 12000 5140 8450 

ANTIMONY 0.89 U 0.91 U 0.90 U 0,97 UJ 1.0 UJ 3.1 J 0.93 UJ 

ARSENIC 5.2 7.6 5.5 6.4 J 7,0 J 2.9 J 5,1 J 

BARIUM 49.6 J 98.8 J 62.8 J 104 J 85.2 J 52.9 J 78.7 J 

CADMIUM 0.82 U 0.89 U 0.93 U 0.91 U 1.0 U 0.90 U 0.91 U 

CALCIUM 1430 J 15900 J 15700 J 1350 J 1780 J 71700 J 93500 J 

CHROMIUM 8.4 12.9 11.3 10.6 J 13,4 J 11.2 J 10.9 J 

COBALT 5.4 J 14.0 J 5.1 J 23.0 16.8 5.1 8.7 
COPPER 9.3 J 13.6 J. 11.9 J 9.5 J 11.4 J 12.4 J 9.8 J 

IRON 16300 19800 18000 16100 18300 13600 13600 

LEAD 8.6 J 19,8 J 18.7 J 19.8 J 18,3 J 14.3 J 18.2 J 

MAGNESIUM 731 J 1950 J 3070 J 1490 J 1480 J 1510 J 4490 J 

MANGANESE 333 J 755 J 225 J 1060 J 903 J 135 J 531 J 

MERCURY 0.04 U 0.04 U 0.05 U 0.06 0.04 0.04 U 0,05 

NICKEL 9.5 J 12.8 J 11.7 J 12.5 12.4 12,1 13.5 

POTASSIUM 409 UJ 545 J 466 UJ 479 J 533 J 449 UJ 464 J 

VANADIUM 14.6 24.4 18.5 22.4 J 26.3 J 16,6 J 20.2 J I 

ZINC 30.3 J 54.1 J 39.8 J 37,3 J 44.3 J 120 J 39.4 J I 

Miscellaneous Parameters 

CATION EXCHANGE CAPACITY (MEQ/l00 g) 

pH S.U. 

TOTAL ORGANIC CARBON (mglkg) 



• 

Sample IdenUficatlon 

Depth Range (foet bg.) 

son Group: 

Volatile. (pg/1<g) 

TABLE 6-2 

SUMMARY OF POSITIVE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE. CRANE. INDIANA 
PAGE 2 OF 3 

IMETHYLENE CHLORIDE 6 J 6 J 5 J 3 U 

Semi-Volatile. (pg/1<g) 

2-METHYLNAPHTHALENE 8.00 U t800 8 UJ 8.00 U 

ACENAPHTHENE 8.00 U 8.00 U 8 UJ 8.00 U 

ACENAPHTHYLENE 8.00 U 8.00 U 8 UJ 8.00 U 

ANTHRACENE 8.00 U 8.00 U 8 UJ 8.00 U 

BENZO(A)ANTHRACENE 8.00 U 100 56 J 8.00 U 

BENZO(A)PYRENE 8.00 U 65.0 J 64 J 8.00 U 

BENZO(B)FLUORANTHENE 8.00 U 61.0 J 69 J 8.00 U 

BENZO(G.H.I)PERYLENE B.OO U 29.0 J 37 J 8.00 U 

BENZO(K)FLUORANTHENE B.OO U 47.0 J 54 J B.OO U 

CHRYSENE B.OO U 98.0 67 J B.OO U 

DI-N-BUTYL PHTHALATE 420 U 430 U 400 U 390 U 

DIBENZO(A.H)ANTHRACENE B.OO U 10.0 J 14 J B.OO U 

FLUORANTHENE B.OO U 100 130 J B.OO U 

FLUORENE 8.00 U· B.OO U B UJ B.OO U 

INDENO(1.2.3-CD)PYRENE B.OO U 15.0 J 35 J B.OO U 

NAPHTHALENE B.OO U 930 8 UJ B.OO U 

PHENANTHRENE B.OO U 630 55 J B.OO U 

PYRENE B.OO U 140 110 J B.OO U 
--

. Pe.tlclde. (~g/kg) 

4,4'-DDT 

METHOXYCHLOR 

Herbicide. (~g/kg) 

2.4-0 

DINOSEB 

PENTACHLOROPHENOL 

Inorganic. (mg/kg) 

ALUMINUM 12900 10500 5480 J 5040 

ANTIMONY 0.95 UJ 0.91 UJ 0.97 0.92 UJ 

ARSENIC 8.6 J 9.6 J 4.2 3.4 J 

BARIUM 105 J 106 J 6B.l J 103 J 

CADMIUM 1.0 U 0.92 U 0.96 J 0.83 U 

CALCIUM 843 J 2150 J 130000 J 175000 J 

CHROMIUM 13.7 J 13.1 J 8.7 7.6 J 

COBALT 13.4 13.6 4.B J 5.5 

COPPER 13.4 J 12.7 J 20.1 J 7.6 J 

IRON 20100 18700 10500 8840 

LEAD 16.B J 25.B J 34.9 J 12.7 J 

MAGNESIUM 1750 J 1490 J 10800 J 32500 J I 

MANGANESE 782 J 912 J 327 J 385 J 

MERCURY 0.05 0.06 0.04 U 0.04 U 

NICKEL 13.7 15.0 lB.3 J 14.5 

POTASSIUM 618 J 462 UJ 4B9 J 417 UJ I 

VANADIUM 27.6 J 29.3 J 22.5 14.5 J I 

~ --_._--
48.6 J 43.0 J 

- 63.7 J 49.2 J I 
Miscellaneous Parameters 

CATION EXCHANGE CAPACITY ( MEO/l 00 g) 

pH S.U. 

TOTAL ORGANIC CARBON (mwkg) 

• • 
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bgs = Below ground surface. 

Blank cells indicate the sample was not analyzed for this parameter. 

Data Validation Qualiliers: 
U· Indicates thai the chemical was not detected al the numerical detection limit (sample-specific quantilalion limit) noted. 

Nondelectad results Irom the laboratory are reported in this manner. This qualifier is also added to a positive result (reported 
by the laboratory) if the detected concentration is determined to be attributable to contaminalion introduced during lield 
sampling or laboratory analysis. 

UJ· Indicates that the chemical was not detected. HO'Never, the detection limit (sample-specific quantitalion limit) is considered to 
be estimated based on problems encountered during laboratory analysis. The associated numerical detection limit is 

regarded as inaccurate or imprecise. 
J. Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the 

amount that is actually present in the sample, The laboratory·reported concentration is considered to be an estimate of the 
true concentration. 

UR • Indicates thallhe chemical mayor may not be present. The nondelected analytical result reported by the laboratory is 
considered 10 be unreliable and unusable. This qualifier is applied in cases ol.gross technical deficiencies (i.e., holding times 
missed by a factor of tv.<> times the specified lime limit, severe calibration noncompliances, and extremely low quality control 

recoveries). 
A· Indicates that the chemical mayor may not be present The positive analytical results reported by the laboralory is 

considered to be unreliable and unusable. This qualifier is applied in cases of gross technical doficiencies. 
BU • Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been 

qualilled non-<tetectod resultant of laboratory bl~nk contamination (i.e .• concentration was less than the blank action level). 
BJ - Indicates that the chemical was detected in this sample as well as the aSSociated method blank. and Is considered estimated 

because the concentration is in excess 01 the blank action level. 

MEQ = milliequivalents 

S.U. :;: standard units. 

Soil Group 3 • Alluvial, Mississippian. and Pennsylvanian surface soil as per "Basewide Background Soil Investigation Aeport.· 

NSWC Crane, Indiana (TtNUS, January 2001). 

• 
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91-57-6 2-METHYLNAPHTHALENE 

83-32-9 ACENAPHTHENE 

208-96-8 ACENAPHTHYLENE 

120-12-7 ANTHRACENE 

56-55-3 BENZO(A)ANTHRACENE 

50-32-8 BENZO(A)PYRENE 

205-99-2 BENZO(B)FLUORANTHENE 

191-24-2 BENZO(G,H,I)PERYLENE 

207-08-9 BENZO(K)FLUORANTHENE 

218-01-9 CHRY5ENE 

84-74-2 DI-N·BUTYL PHTHALATE 

53-70-3 DIBENZO(A,H)ANTHRACENE 

206-44-0 FLUORANTHENE 

86-73-7 FLUORENE 

193-39-5 INDENO(l,2,3-CD)PYRENE 

91-20-3 NAPHTHALENE 

85-01-8 PHENANTHRENE 

129-00-0 PYRENE 

Herbicides (lJglkg) 

94-75-7 2,4-D 

88-85-7 DIN05EB 

~-86-5 PENTACHLOROPHENOL 

TABLE 6-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

2111 

1/11 

1/11 

1/11 

4/11 

4/11 

5/11 

5/11 

4/11 

5/11 

1/11 

3/11 

5/11 

1/11 

4/11 

2111 

4/11 

5/11 

1/6 

1/9 

3/9 

Minimum 
Concentration 

4 

40 

20 

18 

52 

18 

22 

9 

9 

18 

10 

1200 

10 

8 

29 

14 

30 

13 

13 

4.7 

25 

20 

14 

1.2 
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J 

J 

J 

J 

J 

J 

J 

Maximum 
Concentration 

6 

1800 

20 

18 

52 

150 

130 

120 

57 

110 

140 

1200 

29 

300 

29 

58 

930 

630 

230 

4.7 

25 

20 

14 

3.5 

Maximum 
Qualifier 

J 

J 

J 

J 

J 

J 

J 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

380-440 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

3.1 - 3.3 

3.1-3.5 

0.77-0.88 

Location of Maximum I Site Above 
Concentration Background?(2) 

095B080102 

095B090002 -_. 
095B030002 ... 

095B030002 --. 
095B030002 ... 

095B030002 ... 

095B030002 ... 

095B030002 ... 

095B030002 ---
095B030002 .-. 

095B030002 ---
095B020002 -.. 
095B030002 ---
095B030002 .. -
095B030002 _.-
095B030002 .-. 

095B090002 ---
095B090002 ... 

095B030002 ... 

095B090002 

095B090002 

095B040oo2 ---
095B080002 ... 

095B020002 ... 



• 
CAS 
Number Parameter 

7440-47-3 CHROMIUM' '.', 

7440-48-4 COBALT 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-92-1 LEAD 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANE8E 

7439-97-6 MERCURY 

7440-02-0 NICKEL 

7440-09-7 POTA881UM 

7440-62-2 VANADIUM 

7440-66-6 ZINC 
-_._-

Miscellaneous Parameter (MEQ/l00 g) 

CATION EXCHANGE CAPACITY 

• 
TABLE 6-3 
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Detection Minimum Minimum Maximum Maximum Range of 
Frequency Concentration Qualifier Concentration Qualifier Nondetects 

11/11 7.6 J 13.7 J ;'--:-N 
11/11 4.8 J 23 ---
11/11 7.6 J 20.1 J ---
11/11 8840 20100 ---
11/11 8.6 J 34.9 J ---
11/11 731 J 32500 J ---
11/11 135 J 1060 J ---
5/11 0.04 0.06 0.04 - 0.05 

11/11 9.5 J 18.3 J ---
6/11 464 J 618 J 409 - 466 

11/11 14.5 J 29.3 J ---
11/11 30.3 J 120 '-- _J ___ '---- ---_._---

11 J 

5700 8500 

• 
Location of Maximum Site Above 

Concentration 8ackground?(2) 

098B080002 NO 

098B040002 NO 

09S81 00002 YES 

098B080002 NO 

09S81 00002 YES 

09S8110002 YES 

098B040002 NO 

098B040002 NO 

098Bl00002 NO 

0988080002 NO 

098B090002 NO 

09S8060002 YES _._- --- -- -

09SB040002 

0988040002 

1 - Associated Samples: 2 - Background Samples: CAS = Chemical abstract services. 

098B010002 09SB040102 

098B010l02 098B050002 

09SB020002 09SB050102 

09SB020102 098B060002 

09SB030002 09SB060102 

09SB030102 0988070002 

09SB040002 09SB070102 

--- = Not applicable. 

Bolding indicates that parameter is in excess 01 background. 

Note: 

09SB080002 

098B080102 

098B090002 

098B090102 

098Bl00002 

09SB100l02 

09SBll0002 

09SBll0l02 

BG18BA010l BG3SBA0301 

BG18BA0401 BG3SBA0501 

BG1SBP0401 

BG1SBP0601 

BG1SBP0701 

BG18BP0801 

BG18BP0901 

BG3SBA010l 

BG3SBM0201 

8G3SBM0401 

BG3SBM0601 

BG3SBM0701 

BG38BM0801 

8urface soil samples were collected Irom the 0 to 2 loot depth interval. Samples collected lor all analyses other than VOCs were taken Irom the lull interval. 

Samples collected lor VOC analyses were taken lrom the 1 to 2 loot interval because the 0 to 1 loot interval would be depleted in VOCs. 
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Inorganlcs (mglkg) 

ALUMINUM 8690 J 
ANTIMONY 0.85 U 

ARSENIC 3.0 

BARIUM 62.5 J 

BERYLLIUM 0.87 U 

CALCIUM 480 J 

CHROMIUM 11.7 

COBALT 5.6 J 

COPPER 6.1 J 

IRON 17900 

LEAD 11.5 J 

MAGNESIUM 925 J 

MANGANESE 117 J 

MERCURY 0.05 U 

NICKEL 7.0 J 

POTASSIUM 434 UJ 

VANADIUM 19.0 

ZINC 17.5 J 

Miscellaneous Paramelers 

TOTAL ORGANIC CARBON (mg/kg) 

• 

TABLE 6·4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 9· PESTICIDE CONTROUR·150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
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9480 J 11000 J 8340 8930 9820 7460 

0.89 U 1.9 0.83 UJ 0.86 UJ 1.7 J 0.85 UJ 

2.2 3.0 3.4 J 4.8 J 3.8 J 3.4 J 

94.2 J 108 J 34.3 J 41.7 J 92.7 J 77.1 J 

1.0 J 0.93 U 0.89 U 0.92 U 0.91 U 1.0 J 

602 J 604 J 447· UJ 458 UJ 1740 J 516 J 

12.0 13.9 12.6 J 12.9 J 12.7 J 9.1 J 

13.8 J 32.2 J 8.0 4.3 7.0 37.0 

11.5 J 8.2 J 9.8 J 11.2 J 13.5 J 11.6 J 

31900 29100 26300 18100 19200 24200 

13.6 J 13.4 J 13.2 J 10.1 J 15.2 J 15.9 J 

2510 J 1600 J 2010 J 1570 J 1550 J 1270 J 
335 .J 275 J 116 J 106 J 255 J 494 J 

0.04 U 0.04 U 0.04 U 0.04 U 0.03 0.04 U 

24.3 J 13.1 J 12.8 8.0 9.5 14.6 

411 UJ 464 UJ 447 UJ 458 UJ 630 J 443 UJ 

15.9 21.4· 19.8 J 20.1 J 22.4 J 13.3 J 

73.8 J 36.4 J 49.1 J 30.5 J 37.3 J 39.6 J 

• 

7370 3280 10000 J 8330 

0.87 UJ 0.84. UJ 0.93 U 0.86 UJ 

3.3 J 0.26 J 5.8 4.8 J 

30.3 J 15.8 J 51.5 J 90.3 J 

0.94 U 0.82 U 0.85 U 0.84 U 

472 UJ 409 UJ 1760 J 1380 J 

8.8 J 3.0 J 12.2 10.1 J 

4.9 1.4 4.9 J 12.8 

9.1 J 2.3 J 12.1 J 7.2 J 

26200 2610 18000 13100 

9.5 J 6.7 J 11.3 J 14.6 J 

765 J 409 U 1350 J 1090 J 

84.7 J 4.4 J 236 J 516 J 

0.04 U 0.04 U 0.05 U 0.05 

8.1 2.7 8.2 J 9.4 

472 UJ 409 UJ 424 UJ 418 UJ 

13.5 J 2.4 J 19.7 19.4 J 

28.4 J 9.9 J 30.6 J 26.7 J 

• 
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TABLE 6-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

Blank cells indicate the sample was not analyzed for this parameler. 

Data Validation Qualifiers: ~ . ,) .. !" ... ~. • ir-
U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from ihe laboratory a;e reported in this manner. .This 

qualifier is also added to a posilive result (reported by the laboratory) if the detected concentralion is determined to be attributable to contamination introduced during field sampling or laboratory 
analysis. 

UJ - Indicates that the chemical was not delected. However, Ihe detection limit (sample-specific quantltation limit) is considered to be estimated based on problems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. . 

J - fndicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The laboratory-reported 
concentralion Is considered to be an eslimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory Is considered to be unreliable and unusable. This qualifier is applied in cases 
of gross technical deficiencies (I.e .. holding limes missed by a f~ctor of two times the specified time limit, severe calibration noncompliances, and extremely low quality control recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical results reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of 
gross technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected resultant of laboratory blank contamination (i.e., 
concentration was less than the blank aclion level). 

BJ - fndicates that the chemical was detected in this sample as well as the associated method blank, and Is considered estimated because the concentration Is 

MEQ - milliequivalenls 

S.U. = SIandard unils. 

Soil Group 8 - Pennsylvanian subsuriace clay and sill as per "Basewide Background Soillnvesligalion Report," NSWC Crane, Indiana (TINUS, January 2001). 

Soil Group 9 - Pennsylvanian subsuriace sand as per "Basewide Background Soillnvesligalion Report," NSWC Crane, Indiana (TtNUS, January 2001). 

bgs - Below ground suriace. 
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Parameter 

Volatile Organics (Ilglkg) 

75-09-2 METHYLENE CHLORIDE 

127-18-4 TETRACHLOROETHENE 

79-01-6 TRICHLOROETHENE 

Semi-Volatile Organics (Ilglkg) 

TABLE 6-5 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROLlR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

6/11 3 J 6 J 3 

1/11 4 4 3 

1/11 18 18 3 

Location 01 Maximum 
Concentration 

09SB100204 

09SB070709 

09SB070709 

1117.81.]-- IBIS(2.ETHYLHEXYL)PHTHALATE 1 1/11 660 660 370-410 09SB070709 

Pesticides/PCB's (Ilglkg) 

[i 1 097 -69- 11 AROCLOR-1254 1/11 460 460 37 . 41 09SB070709 

Herbicides (Ilg!kg) 

187.86.5 1 PENTACHLOROPHENOL -I 1/11 1.4 C~ 1.4 J 1 0.75-0.83 1 09SB110406 

Inorganics (mg!kg) 

7429-90-5 ALUMINUM 11111 3280 11000 J -- 09SB030406 

7440-36-0 ANTIMONY 2/11 1.7 J 1.9 0.83 - 0.93 09SB030406 

7440-38-2 ARSENIC 11/11 0.26 J 5.8 - 09SB100204 

7440-39-3 BARIUM 11/11 15.8 J 108 J - 09SB030406 

7440-41-7 BERYLLIUM 2111 1 J 1 J 0.82 - 0.94 9SB070709, 09SB0206( 

7440-70-2 CALCIUM 7/11 480 J 1760 J 409 - 472 09SB100204 

7440-47-3 CHROMIUM 11/11 3 J 13.9 -- 09SB030406 

7440-48-4 COBALT 11/11 1.4 37 -- 09SB070709 

7440-50-8 COPPER 11/11 2.3 J 13.5 J -- 09SB060810 

7439-89-6 IRON 11/11 2610 31900 -- 09SB020608 

7439-92-1 LEAD 11/11 6.7 J 15.9 J -- 09SB070709 

7439-95-4 MAGNESIUM 10/11 765 J 2510 J 409 09SB020608 

7439-96-5 MANGANESE 11/11 4.4 J 516 J -- 09SBll0406 

7439-97-6 MERCURY 2/11 0.03 0.05 0.04-0.05 09SBll0406 

7440-02-0 NICKEL 11/11 2.7 24.3 J -- 09SB020608 

7440-09-7 POTASSIUM 1/11 630 J 630 J 409-472 09SB060810 

7440-62-2 VANADIUM 11/11 2.4 J 22.4 J -- 09SB060810 

7440-66-6 ZINC 11/11 9.9 J 73.8 J - 09SB020608 

Miscellaneous Parameter (ME0I100 g) 

ICATION EXCHANGE CAPACITY 5/5 7.4 -I m_J - 1 13 J 09SB080406 I, 

Miscellaneous Parameter (S.U.) 
IpH 5/5 [----4.3- - r---j 6.9 J 09SB100204 

Miscellaneous Parameter (mglkg) 

ITOTAL ORGANIC CARBON - 1 4/5 1200 6500 1000 09S8100204 

• 
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NO 
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YES 
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NO 
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TABLE 6-5 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

!. 11 
1 • Associated Samples: 

09SBO1(is10 

09SB02060S 

09SB030406 

09SB040406 

09SB050406 

09SB060S10 

09SB070709 

09SBOS0406 

09SB090S10 

09SB100204 

09SB110406 

... = Not applicable. 

Bolding indicates that parameter is in excess of background. 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

2 • Background Samples: 

BG1SBPOS06 

BG1SBP0103 

BG1SBP0204 

BG1SBP0206 

BG1SBP0305 

BG1SBP0406 

BG1SBP0505 

BG1SBP0603 

BG1SBPOS04 

BG1SBP1004 

CAS = chemical abstract services . 

bgs = Below ground surface. 
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Well Number 09-02 09-03 

Sample Identification 09GW0201 09GW0301 

Volatile Organics (llglL) 

1,1,1-TRICHLOROETHANE 1 U 26 

1,1-DICHLOROETHANE 1 U 14 

1,1-DICHLOROETHENE 0.5 U 6.4 

CIS-1,2-DICHLOROETHENE 1 U 69 

METHYLENE CHLORIDE 1 U 1 U 

TRICHLOROETHENE 1 U 55 

Pesticides/PCB's (llglL) 

TABLE 6-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE. CRANE. INDIANA 
09-04 09-07 09-10 09-12 09WTP05 09WTP06 09T01 

09GWTP0601(1) 

09GW0401 09GW0701 09GW1001 09GW1201 09GWTP0501 (upgradient) 09GWT0101 

50 U 1 U 1 U 1 U 1 U 1 U 1 U 

50 U 1 U 1 U 1 U 1 UJ 1 UJ 1 U 

25 U 0.5 U 0.5 U 0.5 U 1 U 1 U 0.5 U 

130 1 U 1 U 1 U 1 U 1 U 1 U 

58 J 1 U 1 U 1 U 1 UJ 1 UJ 1 U 

50 U 1 U 1 1 U 1 U 1 U 1 U 
-_.-

09T02 09T03 09T04 09T05 

09GWT0201 09GWT0301 09GWT0401 09GWT0501 

1 U 1 U 1 U 1 U 

1 U 1 U 1 U 1 U 

0.5 U 0.5 U 0.5 U 0.5 U 

1.7 1 U 1 U 1 U 

1 U 1 U 1 U 1 U 

1 U 1 U 1 U 1 U 

'DIELDRIN· .. ,. 0.019 U ,o:D20U 0.022 U 0.020 U-· r<wi9U-] -0.020 U 0.019 U I -0.020 U J--o.03o- I 0.021 U 0.019 U 0.020 U 0.019 U 

Herbicides (llglL) 

2,4,5-T 

2,4.5-TP (SILVEX) 

Inorganics (llglL) -
ALUMINUM 200 U 200 U 200 U 200 U 200 U 200 U 200 U 200 U 200 U 1290 J 364 J 200 U 

ARSENIC 4.3 0.29 0.95 0.57 0.75 0.45 1.1 1.0 U 2.9 0.97 0.84 2.9 

BARIUM 323 29.6 78.9 6.6 68.4 21.4 171 19.3 52.6 17.8 66.0 74.1 

BERYLLIUM 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U . 1.0 U 1.0 U 1.0 U 4.4 1.0 1.0 U 

CALCIUM 18200 32200 62100 118000 25800 64600 79900 59300 39400 63100 7950 21100 

COBALT 27.4 3.0 U 11.6 3.0 U 3.0 U 54.2 3.0 U 3.0 U 3.0 U 109 12.2 15.2 

COPPER 2.0 U 2.0 U 2.1 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 4.4 8.4 2.0 U 2.0 U 

IRON 37300 217 833 623 136 20400 15200 149 144 561 217 24700 

LEAD 1.0 U 1.0 U 1.1 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

MAGNESIUM 11100 J 15800 J 24300 J 81500 J 10600 J 23300 J 14100 J 19800 J 26500 J 68300 .J 8360 J 9570 J 

MANGANESE 7920 176 671 187 164 2550 385 15.0 34.8 7160 75.4 6550 

NICKEL 10.0 U 20.1 43.5 10.0 U 10.0 U 140 10.0 U 10.0 U 10.0 U 279 16.3 10.0 U 

SELENIUM 1.0 U 1.0 U 1.3 1.2 1.0 U 1.0 U 1.0 U 1.1 J 1.0 U 1.7 1.0 U 1.0 U 

SODIUM 6730 J 20200 J 28200 J 110000 J 57600 J 22700 J 5000 U 48900 J 134000 J 115000 J 26700 J 25100 J 

VANADIUM 2.0 U 2.0 U 2.0 U 

ZINC 10.0 U 12.1 67.1 

1 - Sample was designated the SWMU 9 upgradient ground water sample. 

Data Validation Qualifiers: 

2.0 U 2.0 U 

10.0 U 10.0 U 

2.0 U 2.0 U 2.0 U 2.1 2.0 U 2.0 U 2.0 U 

100 10.0 U 13.2 10.0 U 166 16.2 10.0 U 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratory are reported in this manner. This 
qualifier is also added to a positive result (reported by the laboratory) if Ihe detected concentration is determined to be attributable to contamination introduced during field sampling or laboratory 
analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specilic quantitation limit) is considered to be estimated based on problems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The laboratory-reported 
concentration is considered to be an estimate of the true concentration. . 

UR - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases 
of gross technical deficiencies (I.e., holding times missed by a factor of two times the specified time limit, severe calibration noncompliances, and e>ctremely low quality control recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical results reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of 
gross technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected resultant of laboratory blank contamination (I.e., 
concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration i 
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200 U 

1.5 

90.7 

1.0 U 

24000 

18.2 

2.0 

100 U 

1.0 U 

21900 J 

178 

51.2 

1.0 U 

102000 J 

2.0 U 

25.4 
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CAS 
Number Parameter 

Volatile Organics (lJgJL) Volatile Organics (lJgJL) 

71-55-6 1,1,1-TRICHLOROETHANE 

75-34-3 l,l-DICHLOROETHANE 

75-35-4 l,l-DICHLOROETHENE 

156-59-2 CIS-l,2-DICHLOROETHENE 

75-09-2 METHYLENE CHLORIDE 

79-01-6 TRICHLOROETHENE 

Pesticides/PCB's (lJg/L) 

• 
TABLE 6-7 

GROUND WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROLlR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Location of 
Detection Minimum Minimum Maximum Maximum Range of Maximum 

Frequency(') Concentration Qualifier Concentration Qualifier Nondetects Concentration 

.. 
1d2 26 26 1 - 50 ' 09GW0301 

1112 14 14 1 - 50 09GW0301 

1112 6.4 6.4 0.5 - 25 09GW0301 

3112 1.7 130 1 09GW0401 

1112 58 J 58 J 1 09GW0401 

2112 1 55 1 - 50 09GW0301 

• 
Site Above 
Upgradient 

U pgradient(2) Concentration? 

i 
--- j ---
--- ---
--- ---
--- ---
--- ---
--- ---

160-57-1 IDIELDRIN 1112 0.03 1-0.03 10.019-0.0221- 09GWT010l -_ .... 

2,4,5-T 

2,4,5-TP (SILVEX) 

Inorganics (lJgJL) 

7429-90-5 

7440-38-2 

7440-39-3 

7440-41-7 

7440-70-2 

7440-48-4 

7440-50-8 

7439-89-6 

7439-92-1 

7439-95-4 

7439-96-5 

7440-02-0 

7782-49-2 

7440-23-5 

7440-62-2 

7440-66-6 

ALUMINUM 

ARSENIC 

BARIUM 

BERYLLIUM 

CALCIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

NICKEL 

SELENIUM 

SODIUM 

VANADIUM 

ZINC 

1 - Associaled Samples: 

09GW0201 

09GW0301 

09GW0401 

--- = Not applicable. 

2112 364 J 

12112 0.29 

12112 6.6 

2112 1 

12112 7950 

7/12 11.6 

4112 2 -
11112 136 

1112 1.1 

12112 8360 J 

12112 34.8 

6112 16.3 

3112 1.2 

11/12 6730 J 

1112 2.1 

6/12 12.1 

09GW0701 09GWT010l 09GWT0401 

09GW100l 09GWT0201 09GWT0501 

09GW1201 09GWT0301 09GWTP0501 

Bolding indicates parameter is in excess 01 upgradient concentration. 

09GWT010l 

09GW1201 

1290 J 200 09GWT0201 NO YES 

4.3 --- 09GW0201 NO YES 

323 --- 09GW0201 19.3 YES 

4.4 1 09GWT0201 NO YES 

118000 --- 09GW0701 59300 YES 

109 3 09GWT0201 NO YES 

8.4 2 09GWT0201 NO YES 

37300 100 09GW0201 149 YES 

1.1 1 09GW0401 NO YES 

81500. J --- 09GW0701 19800 YES 

7920 --- 09GW0201 15.0 YES 

279 10 09GWT0201 NO YES 

1.7 1 09GWT0201 1.1 YES 

134000 J 5000 09GWT010l 48900 YES 

2.1 2 09GWT010l NO YES 

166 10 09GWT0201 13.2 YES 

2 - Upgradienl Samples: 

B09GWTP0601 

ND = Not detected. 

CAS = Chemical abstract services. 
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Sample Identification 

Herbicides (\JglL) 

TABLE 6-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

12,4-0 0.080 U 0.18 0.080 U 0.080 uT- 0.080 U 

Inorganlcs (\JgIL) -
ALUMINUM. 5990 J 245 J 200 U 220 J 200 U 

ANTIMONY 1.0 U 1.0 U 1.0 U 1.0 U 1.6 

ARSENIC 4.6 J 0.75 J 0.49 J 0.41 J 1.9 J 

BARIUM 173 55.5 47.0 37.3 72.5 

CALCIUM 34800 42200 49400 17600 57300 

CHROMIUM 7.1 5.0 U 5.0 U 5.0 U 5.0 U 

COBALT 9.8 3.0 U 3.0 U 3.0 U 5.5 

COPPER 18.5 2.0 U 2.0 U 2.0 U 12.4 

IRON 8390 J 526 J 288 J 358 J 1830 J 

LEAD 21.9 1.0 U 1.0 U 1.0 U 3.6 

MAGNESIUM 15400 J 15000 J 6580 J 5960 J 9720 J 

MANGANESE 637 583 76.6 57.6 438 

NICKEL 14.5 10.0 U 10.0 U 10.0 U 10.0 U 

POTASSIUM 5000 U 5000 U 5000 U 5000 U 5310 J 

SELENIUM 1.1 1.0 U 1.0 U 1.0 U 1.0 U 

SODIUM 36000 36400 18500 12600 175000 

VANADIUM 14.3 2.0 U 2.0 U 2.0 U 3.1 

ZINC 50.4 10.0 U 10.0 U 10.0 U 11.9 

Filtered Metals (\JglL) 

ANTIMONY 1.0 U 1.0 U 1.0 U 1.0 U 

ARSENIC 1.1 J 0.70 J 0.42 J 0.27 J 

BARIUM 94.9 51.9 45.8 33.2 

CALCIUM 40300 40400 49500 17800 

COBALT 3.0 U 3.0 U 3.0 U 3.0 U 

COPPER 2.0 U 2.0 U 2.0 U 2.0 U 

IRON 138 J 214 J 145 J 100 UJ 

LEAD 1.0 U 1.0 U 1.0 U 1.0 U 

MAGNESIUM 17800 J 14100 J 6560 J 6210 J 

MANGANESE 239 532 61.2 18.0 

POTASSIUM 5000 U 5000 U 5000 U 5000 U 

SODIUM 43200 39000 18200 12700 

VANADIUM 2.0 U 2.0 U 2.0 U 2.0 U 

ZINC 10.0 U 10.0 U 10.0U 10.0 U 

Miscellaneous Parameters (mgIL) 

HARDNESS 

TOTAL SUSPENDED SOLIDS 

• 

1.6 

2.3 J 

71.0 

57100 

5.1 

7.4 

1460 J 

2.3 

10000 J 

451 

5390 J 

182000 

3.8 

10.2 

• 
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TABLE 6-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - Sample was designated the SWMU 9 upgradient surface water sample. 

Blank cells indicate saple was ot analyzed for this parameter. 

:Data Validation Qualifiers: .... I'J ',,' 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratorY 
are reported in this manner. This qualifier is also added to a positive result (reported by the laboratory) if the detected concentration is determined to be 
attributable to contamination introduced during field sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is considered to be estimated based on problems 
encountered during.laboratory analysis. The associated numerical detection limij is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in 
the sample. The laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and 
unusable. This qualifier is applied in cases of gross technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe 
calibration noncompliances, and extremely low quality control recoveries). 

R - Indicates that the chemical mayor may not be present. The pOSitive atialyticai results reported by the laboratory is considered to be unreliable and unusable. 
This qualifier is applied in cases of gross technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected resultant of 
laboratory blank contamination (i.e., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is 
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CAS 
Number Parameter 

Herbicides (llglL) 

TABLE 6-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Detection· Minimum Minimum Maximum Maximum Range of 
Location of 
Maximum 

Frequency(1) Concentration Qualifier Concentration Qualifier Nondetects Concentration 

194~75-7 12,4-D 1/4 0.18 0.18 .0.08 09SW0201 

Inorganics (llglL) 

7429-90-5 ALUMINUM 214 220 J 245 J 200 09SW0201 

7440-36-0 ANTIMONY 114 1.6 1.6 1 09SW0501 

7440-38-2 ARSENIC 4/4 0.41 J 1.9 J --- 09SW0501 

7440-39-3 BARIUM 4/4 37.3 72.5 --- 09SW0501 

7440-70-2 CALCIUM . 4/4 17600 57300 --- 09SW0501 

7440-48-4 COBALT 1/4 5.5 5.5 3 09SW0501 

7440-50-8 COPPER 1/4 12.4 12.4 2 09SW0501 

7439-89-6 IRON 4/4 288 J 1830 J --- 09SW0501 

7439-92-1 LEAD 1/4 3.6 3.6 1 09SW0501 

7439-95-4 MAGNESIUM 4/4 5960 J 15000 J --- 09SW0201 

7439-96-5 MANGANESE 4/4 57.6 583 --- 09SW0201 

7440-09-7 POTASSIUM 114 5310 J 5310 J 5000 09SW0501 

7440-23-5 SODIUM 4/4 12600 175000 --- 09SW0501 

7440-62-2 VANADIUM 1/4 3.1 3.1 2 09SW0501 

7440-66-6 ZINC 1/4 11.9 11.9 10 09SW0501 

Filtered Metals (llg/L) 

7440-36-0 ANTIMONY, FILTERED 114 1.6 1.6 1 09SW0501-F 

7440-38-2 ARSENIC, FILTERED 4/4 0.27 J 2_3 J - 09SW0501-F 

7440-39-3 BARIUM, FILTERED 4/4 33.2 71 --- 09SW0501-F 

7440-70-2 CALCIUM, FILTERED 4/4 17800 57100 --- 09SW0501-F 

7440-48-4 COBALT, FILTERED 1/4 5.1 5.1 3 09SW0501-F 

7440-50-8 COPPER, FILTERED 1/4 7.4 7.4 2 09SW0501-F 

7439-89-6 IRON, FIL TEREO 3/4 145 J 1460 J 100 09SW0501-F 

7439-92-1 LEAD, FILTERED 1/4 2.3 2.3 1 09SW0501-F 

7439-95-4 MAGNESIUM. FILTERED 4/4 6210 J 14100 J --- 09SW0201-F 

7439-96-5 MANGANESE, FIL TEREO 4/4 18 532 --- 09SW0201-F 

7440-09-7 POTASSIUM, FILTERED 114 5390 J 5390 J 5000 09SW0501-F 

• • 

,. 

Site Above 
Upgradient 

Upgradient(2) Concentration? 

5990 NO 

ND YES 

4.6 NO 

173 NO 

34800 YES 

9.8 NO 

18.5 NO 

8390 NO 

21.9 NO 

15400 NO 

637 NO 

NO YES 

36000 YES 

14.3 NO 

50.4 NO 

ND YES 

1.1 YES 

94.9 NO 

40300 YES 

NO YES 

NO YES 

138 YES 

NO YES 

17800 NO 

239 YES 

NO YES 

• 



• 

CAS 
Number 

7440-23-5 

7440-62-2 

7440-66-6 

'0 

Parameter 

SODIUM, FILTERED 

VANADIUM, FILTERED 

ZINC, FILTERED 

TOTAL SUSPENDED SOLIDS 

1 - Associated Samples: 

09SW0201 

09SW0201-F 

09SW0301 

09SW0301-F 

09SW0401 

09SW0401-F 

09SW0501 

09SW0501-F 

--- = Not applicable. 

• 
TABLE 6-9 

SURFACE WATER ANALYTICAL RESULTS'SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROLJR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE20F2 

Detection 
• I 'Minimum Minimum Maximum Maximum 

Frequency(1) Concentration Qualifier Concentration Qualifier 

4/4 12700 182000 

114 3.8 3.8 

1/4 10.2 10.2 

4/4 70 180 

3/4 3 10 

2 - Upgradient Samples: 

B09SW0101 

B09SW0101-F 

Location of 
.Range of Maximum . ~. ~ ,,: 

Nondetects Concentration 

--- 09SW0501-F 

2 09SW0501-F 

10 09SW0501-F 

09SW0501 

09SW0401 

Bolding indicates parameter is in excess of upgradient concentration. 

NO = Not detected, 

CAS - Chemical abstract services. 

Upgradient(2) 

43200 

ND 

ND 

• 
Site Above 
Upgradlent 

Concentration? 

YES 

YES 

YES 

NO 

NO 

:.:'~ 

" "!.':' 

:I~ ... 
' .. ; 

::~ 

.~~~" ' ... ~ ~ .. :~. ?,.~.;, 
0.:- ".'" \;::>.'. --::.::~ .:..; 
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TABLE 6-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Sample Identification (upgradient) 09S00200061 09S0030006 1 09S0040006 1 09S0050006 

Volatiles (Ilg/kg) 

[METHYLENE CHLORIDE 8 J 4 U 4 J 4 J 4 U n-l 
Semi-Volatiles (Ilg/kg) 

BENZO(B)FLUORANTHENE 14.0 J 9.00 U 9.00 UJ 9.00 UJ 9.00 UJ 

CHRYSENE 11.0 9.00 U 9.00 U 9.00 U 9.00 U 

FLUORANTHENE 13.0 9.00 U 10.0 9.00 U 9.00 U 

~NE 14.0 9.00 U 9.00 U 9.00 U 9.00 U 

Pesticides (Ilg/kg) 
!AROCLOR-1248 I 53 U .. U -43-U-- 380 J 45 u~ 43 U 

Herbicides (Ilg/kg) 

DINOSEB 8.2 J 3.5 U 3.6 U 3.5 U 

PENTACHLOROPHENOL 2.7 J 0.88 U 0.89 U 0.88 U 

Inorganics (mg/kg) 

ALUMINUM 7600 J 8690 J 7900 J 5470 J 10800 J 

ANTIMONY 1.2 U 1.3 J 1.0 U 0.96 U 0.98 U 

ARSENIC 3.7 4.5 6.1 5.4 0.77 

BARIUM 78.1 43.2 103 77.0 39.3 I 

CALCIUM 2120 J 1010 J 1470 J 786 J 1130 J 

CHROMIUM 8.7 11.9 11.4 11.1 13.0 

COBALT 9.2 4.8 10.9 14.5 7.2 

COPPER 16.0 9.1 10.3 9.0 27.7 , 

IRON 9620 J 16700 J 18600 J 15700 J 16000 J 

LEAD 22.1 J 10.1 J 22.7 J 14.5 J 6.6 J 

MAGNESIUM 1290 J 1450 J 760 J 597 J 1820 J 

MANGANESE 350 181 1300 1290 86.8 

MERCURY 0.05 J 0.05 U 0.05 U 0.05 U 0.04 U 

NICKEL 12.2 7.4 9.8 11.6 10.7 

POTASSIUM 589 UJ 487 UJ 413 UJ 411 UJ 913 J 
I 

VANADIUM 15.2 19.9 21.2 16.8 12.2 . 

ZINC 
-

'-----_ 40.9 27.7 95.3 33.4 72.2 
-

Miscellaneous Parameter (mg/kg) 

!TOTAL ORGANIC CARBON-! 38000 5500 7600 14000 1600 

• • 



• • 
TABLE 6-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - Sample was designated as the SWMU 9 upgradient sediment sample. 

Data V~idation Q~alifiers: 
U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific 

quantitation limit) noted. Nondetected results from the laboratory are reported in this manner. This 
qualifier is also added to a positive result (reported by the laboratory) if the detected concentration is 
determined to be attributable to contamination introduced during field sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific 
quantitation limit) is considered to be estimated based on problems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise 
representation of the amount that is actually present in the sample. The laboratory-reported 
concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The non detected analytical result reported by 
the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross 
technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe 
calibration noncompliances, and extremely low quality control recoveries). 

R - Indicates that the chemical. may or may not be present. The positive analytical results reported by the 
laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross 
technical deficiencies. 

BU - Indicates that the chemical was detected n this sample as well as the associated'iaboratory method 
blank but has been qualified non-detected resultant of laboratory blank contamination (i.e., 
concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is 
considered estimated because the concentration is in excess of the blank action level. 

• 
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CAS Oetection 

Number Parameter Frequency(l) 

Volatile Organics (lJglkg) 

TABLE 6-11 

SEDIMENT ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Minimum Minimum Maximum Maximum Range of Location of Maximum 
Concentration Qualifier Concentration Qualifier Nondetects Concentration 
---

[75-09-2 [METHYLENE CHLORIOE2I4 4 J 4 J 4 1 09S0030006, 09so0400061 

Semi-Volatile Organics (lJglkg) 

1206-44-0 !FLUORANTHENE 1/4 10 10 9 09S0030006 

Pesticides/PCB's (lJglkg) 

112672~29-6IAFlOCLOR-1248 1/4 380 J 380 ul J 43 - 45 09S0030006 

Inorganics (mglkg) 

7429-90-5 ALUMINUM 4/4 5470 J 10800 J - 09S0050006 

7440-36-0 ANTIMONY 1/4 1.3 J 1.3 J 0.96 - 1 09S0020006 

7440-38-2 ARSENIC 4/4 0.77 6.1 -- 09S0030006 

7440-39-3 BARIUM 4/4 39.3 103 -- . 09S0030006 

7440-70-2 CALCIUM 4/4 786 J 1470 J --- 0980030006 

7440-47-3 CHROMIUM 4/4 11.1 13 - - 09S0050006 

7440-48-4 COBALT 4/4 4.8 14.5 - 09S0040006 

7440-50-8 COPPER 4/4 9 27.7 - 09S0050006 

7439-89-6 IRON 4/4 15700 J 18600 J - 09S0030006 

7439-92-1 LEAO 4/4 6.6 J 22.7 J -- 09S0030006 

7439-95-4 MAGNESIUM 4/4 597 J 1820 J - 09S0050006 

7439-96-5 MANGANESE 4/4 86.8 1300 -- 09S0030006 

7440-02-0 NICKEL 4/4 7.4 11.6 --- 0980040006 

7440-09-7 POTASSIUM 1/4 913 J 913 J 411-487 09S0050006 

7440-62-2 VANADIUM 4/4 12.2 21.2 -- 09S0030006 

7440-66-6 ZINC 4/4 27.7 95.3 - 09S0030006 

Miscellaneous Parameters (mglkg) 

Upgradient(2) 

7600 

NO 

3.7 

78.1 

2120 

8.7 

9.2 

16.0 

9620 

22.1 

1290 

350 . 

12.2 

NO 

15.2 

40.9 

[TOTAL ORGANIC CARBON 4/4 1600 14000 -r 09S0040006 7170 

1 - Associated Samples: 

0980020006 

0980030006 

--- = Not applicable. 

. 0980040006 

09800!?0006 

2 - Upgradient·8ample: 

B09SD010006 

Bolding indicates parameter is in excess of upgradient concentration. 

• 
ND = Not detected. 

CA8 = Chemical abstract services . 

• 

Site Above 
Upgradient 

Concentration? 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

• 



• 

CAS 
Number 

Scenario Tlmeframe: CurrenVFuture 
Medium: 5011 
Exposure Medium: Surface Soli 
EXDOsure Point: Surface Soli 

~hemlcal 

VOLATILE ORGANICS 

/75.09.2 IMETHYLENE 

91·57·6 
83·32·9 
108·96 

~ 

TI~EORGANICS 

12·METHYLNAPHTHALENE 
~CENAPHTHENE 

LENE 

Minimum 
Concentration 

(1) 

~ 

• 
TABLE 6·12 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE SOIL 
SWMU 9· PESTICIDE CONTROLJR·150 TANK AREA 

NSWC CRANE. CRANE. INDIANA 
PAGE 1 OF 2 

• 

Minimum 
Qualifier 

Maximum I Maximum 
Concentration Qualifier 
. (1) 

Units 
Location of 
Maximum 

Concentration 

Detection 
Frequency 

(1) 

Range of Nondotects 
(2) 

Concentration 
Used lor 

Screening (3) 
~ Screening Level A,RARlTBC ARARlTBC 

:~~~ Ar~:Vned I Risk-Based cope l.potontlBI I Potential 

(4) (5) ! Value Source 

CO PC 
Flag 

J 

1.8 
0:02 

mWkg I ~~~~~~~~~;. 0 . .006 

riiii'kQ 09SB090002 2It 1 0.008·0.009 r- 1.8 - NA 
m i/kg 09SB030002 1111 0.008·0.009 0.02 NA 
m 'ka 09SB030002 1/11 0.008·0.009 0.018 NA 
m ka 09SB030002 1111 0.008 . 0.009 0.052 NA 
m 'ka 09SB030002 4/11 0.008·0.009 0.15 NA 
mWkg 09SB030002 4/11 0.008·0.009 0.13 NA 

~ 
370 

3701 

N 
N 

3200(7) 
9500 

9500(8) 
4~ 

IDEM 
IDEM 
IDEM 

NO 
No 

3ENl6(BjFLUORANTHENE - ------0:009 ~2 -,---- mg'kg 09SB030002 5/11 0.008·0.009 0.12 NA 
ENlO(G.H.1 PERYLENE 0.009 0.057 m kg 09SB030002' 5/11 0.008·0.009 0.057 NA 2309 N 55009 IDEM No. 

Rationale 'or 
Contaminant 
Deletion or 

Selection (6) 

BSL 
BSL 

·4>; 
> 

'.~, 

·08·9 BENlD K FLUORANTHENE 0.018 J 0.11 J m kg . 09SB030002 4/11 0.008·0.009 0.11 NA 6.2 C 50 IDEM No- BSL ~'''. 
218·01·9 CHRYSENE 0.01 0.14 m ka 09SB030002 5/11 0.008·0.009 0.14 NA 62 C 500 IDEM No· BSL : •• ;: 
84·74·2 DI·N·BUTYL PHTHALATE 1.2 1.2 m ko 09SB020002 1111 0.38·0.44 1.2 NA 610 N 18000 IDEM Nor BSL ;t 
53·70·3 DIBENZO A.H ANTHRACENE 0.Q1 J 0.029 m k 09SB030002 3/11 0.006·0.009 0.029 NA 0.062 C 0.5 IDEM No 6SL·. ~c::~ 

206·44·0 FLUORANTHENE 0.008 0.3 J m kg 09SB030002 5/11 0.008·0.009 0.3 NA 230 N 6300 IDEM No BSL,· '._'0 ':;'<f 
86·73·7 FLUORENE 0.029 0.029 m kg 09S6030002 1/11 0.008·0.009 0.029 NA 260 N 6300 IDEM No BS[' ;.-: ~.~::;;:;:':. 
193·39·5 INOENO 1.2.3,CD PYRENE 0.014 J 0.058 m kg 09SB030002 4/11 0.008·0.009 0.058 NA 0.62 C 5 IDEM No BSt·· '. ..' . '1',''''' 
91·20·3 NAPHTHALENE 0.03 0.93 m kg 09S6090002 2111 0.008·0.009 0.93 NA 5.6 N 3200 IDEM No BSt!· •. -: •.•. ~ 
85·01·8 PHENANTHRENE 0.013 0.63 m ko 09SB090002 4/11 0.008·0.009 0.63 NA 2309 N 55009 IDEM No BSL ,.: , .~~; 
129·00-0 PYRENE 0.013 0.23 J m kO 09SB030002 5/11 0.008·0.009 0.23 NA 230 N 5500 IDEM No. BSL _';}, 

1,4··DOT 
IMETHOXYCHLOR 

0.004: 
---:o2s' 

l047 
).025 J 

~ 
mWkg 

1/1 
171 

038·0.004: 
.02·0.022 t 

/2.4.0 0.02 
DINOSEB 0.014 

J 
--:[ 

0.02 
.0.014 

J 
J 
~ 

mcvko 
1/6 
179 

0.0031 . 0.0033 
l.0031 . O.OO~ 

)-5 IPENTAC-HLOROfiHeNoL -I' 0.0012 _-L l.0035 mcvkQ 3/9 0.00077 . 0.00088 
INORGANICS 
7429·90·5 ALUMINUM 5040 12900 m ko 09SB080002 11/11 •• ' 
7440·36·0 ANTIMONY 0.97 3.1 J m Iko 09SB060002 2111 0.89· 
7440·38·2 ARSENIC 2.9 J 9.6 J m ko' 09S6090002 11/11 ... 
7440·39·3 6ARIUM 49.6 J 106 , J m ko 09S6090002 11/11 •.• 
7440·43·9 CADMIUM 0.96 J 0.96 J m kg 09SB100002 1111 0.82· 
7440·70·2 CALCIUM 843 J 175000 J m kg 09SB110002 11/11 ... 

104: 
.025 

0.02 
0.014 
.0035 

00 

NA 
NA 

NA 
Ni\ 

NA 

NO 

69 
6. 
..1.. 

N 

N 
N 
~ 

7440·47·3 CHROMIUM 7.6 J 13.7 J m kg 09S6080002 11/11 ••• 13.7 NO 3010 C 
7440·48·4 COBALT 4.8 J _ ~ m Iko 09SB040002 11/11 ••• ---I- 23,----L No..J- 470 ~ 

7440·50·8 COPPER 7.6 J 20.1 J m ko 09SB100002 11/11 ••• 20.1 ~ 290 " 
7439·89·6 IRON 8840 20100 mQ/ICg 09SB080002 11/11 ... 20100 No "N 
7439·92·1 LEAD 8.6 J 34.9' J mQlkg 09S6100002 11111 ... 34.9 . 40011 N 
7439·95·4 MAGNESIUM 731 J 32500 J m k 09SB110002 11/11 ... 32500 . NA 
7439·96·5 MANGANESE 135 J 1060 J m kg 09S6040002 11/11 ... 1060 No :0 N 

09SB040002. 
7439·97·6 MERCURY 0.04 0.06 mWkg 09SB090002 5/11 0.04·0.05 0.06 I No 2.3(12) 

Iii 

25EL 9.5 J_ 18.3 J mcvka 09SB100002 11/11 ... ~ No 160 N 
~SSIUM 464 m k 09SB080002 6/11 409 • 466 NA 

INC 

TlON EXCHANGE CAPACIl 

TAL ORGANI(; CARBON 

14.5 m 09SB090002 11/11 55 N 
30.3 m k 09SB060002 11/11 2300 N 

8.4 qI g I mecv1 
6.9 

5700 
8 

8500 
S. 

mWkg 

31: 
313 

_313 

... i 
8 

8500 

NA 
NA 

Ni\ 

NA 
NA 

Ni\ 

20 
9i1j'" 

NA 

~J\... 
20 

NA 
140 

23000 

NA 
~Ol 

NA 
13000 

NA 
40 

NA 
Ni\ 

6900 
NA 
NA 
lOOOO 

NA 
NA 

Ni\ 

.. ~.~ 

IDEM 
IDEM 

No' '1 BSL "";~ 
NO'" BSL "\_.'" 

-:~:' 

IDEM 
IDE~ 
IDEM 

'M 
;;;r 
,M 

IDEM 
IDEM 
IDEM 

Ii5E'M 
IDEM 

IDEM 
IDEM 
IDEM 

Ii5E'M 

NO 
No 

~ 

NI 
NO 

NO 

BSL 
BSL 
BSL 

lK( 
3SL 
lK( 

BSL.BKG 
BSL.BK( 

--mIT 
BSiJii(G 

BSL.6KG 

CG 

No I 6SL.BKG 
NO I NUT. BKI 
NO BSL.BKG 
No BSL 

IDEM No NTX 
IDEM No NTX 
~r Noi-NTX 

~t~~ 
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TABLE 6-12 

OCCURRENCE, OISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE SOIL 
SWMU 9 - PESTICIDE CONTROLJR·150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

~: 
1 Only the original 01 duplicate sample was used lor cope selection. The duplicate was used lor quality control purposes only. 
2 Values presented are sample-specific quantilation limits. 
3 The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels. soil concentrations were 
compared to Base-wide background data presented in the 8asewide Background Soillnvestigalion Report 
(TiNUS, Inc., January 2001) by means ollhe Wilcoxon Rank Sum Tesl. IIlhe Wilcoxon Tesl 
determined thai a constiluenl concentration was nol significanly different from background. that 
chemical was not selected as a cope. 
The risk-based soil cope screening level lor residential land use is presented. The value is based on a 
target Hazard QuoUent of 0.1 for noncarcinogens (denoted with a ·w flag) or an incremental cancer 
risk 01 1 E-6 lor carcinogens (denoled wilh a "C"lIag) (U.S. EPA, Region 9, November 2000). 
The chemical Is selected as a CO PC if the maximum detected concentration exceeds the risk-based 
CO PC screening level andlor an ARARlT8C(s). 
Naphthalene is used as a surrogate for 2-methylnaphthalene. 
Acenaphthene is used as a surrogate lor acenaphthylene. 
Pyrene is used as a surrogate for benzo(g.h,i)perylene and phenanthrene. 

10 Hexavalent chromium. 
11 OSWER soil screening level lor residenlialland use (U.S. EPA. July 1994). 
12 Value is lor mercuric chloride (U.S. EPA. Region 3. Oclober 2001). 

~: 
ARAA/T8C = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen. 
CAS = Chemical abstract services. 
COPC = Chemical of potential concern. 
IDEM = Indiana Departmenl 01 Environmental Management. Risk Integrated System of 

Closure (RISC) residential levels lor direct contact with soil (IDEM. July 2001). 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not applicable/not available. 
sat = Soil saturation concentration. 

Rationate Codes: 
For Selection as a COPC: 

ASL = Above COPC screening leveVARARlT8C. 

For Elimination as a COPC: 
BKG = Within background levels. 
8SL = 8elow COPC screening leveVARARlT8C. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

09S8010002 
09S8010102 
09S8020002 
09S8020102 

09S8030002 
09S8030102 
09S8040002 

ASsociated Samples: 
09S6040102 
09S8050002 
09S6050102 
09S8060002 

09S8060102 
09S8070002 
09S8070102 

09S6080002 
09S8080102 
09S8090002 
09S8090102 

09S8100002 
09S8100102 
09S8110002 

09S8110102 

·Shaded cells indicate that the specificd criterion or background level has been exceeded or thai the chemical has been selected 85 8 COPC. 

• • 
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CAS 
Number 

Exposure Medium: Surface Soli 
EXDosure Point: Surface Soli 

Chemical 
Minimum 

Concentration 
(1) 

• 
TABLE 6-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
SWMU 9 - PESTICIDE CONTROLJR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Maximum 
Maximum 
Qualifier 

Units 
Location of I Detection 
Maximum Frequency 

Concentration (1) 

Range of Nondetects 
(2) 

Site Above I USEPA Generic. I Generic 
Concentration I Background SSL for Migration SSl for 

Used for ? to Groundwater SoU to Air I Grounawater 
Screening (3) (4) (5) 

IDEM SSL for 
Migration to 

• 

CO PC 
Flag 

Rationale for 
Contaminant 
Delotlon or 

Selection (7) 

Yes ASL 

; . 
. ~ 

..... ·~.:~t~~ 
:_:(~:. 1 :,~.~~.; 
!.':. .... 

~ 
.. :. 

" ' 
•. ;'11; 



TABLE 6-13 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE. CRANE. INDIANA 
PAGE 2 OF 2 

Footnotes: 
Only the original of duplicate sample was used lor cope selection. The duplicate was used lor quality control purposes only. 
Values presented are sample·specific quanlilalion limits. 
The maximum detected concentration is used lor screening purposes. 
To determine whether metal concentrations were within background levels, soil concentrations were 
compared to base-wide background data presented in the 8asewide Background Soillnvesligalion Report 
(TtNUS. Inc .. January 2001) by means 01 the Wilcoxon Rank Sum Test. II the Wilcoxon Test 
determined that a constituent concentration was nol slgnificanty different from background, thai 
chemical was nol selected as a cope. 
Soil Screening Guidance: Technical Background Document. (U.S. EPA, May 1996), The migration to 
groundwater value represents a dilution and attenuation factor (OAF) 01 1. 

Residentiallevets for migration trom soil to groundwater (IDEM, July 2001). 
7 The chemical is selected as a COPC If the maximum detected concentration exceeds any screening level. 
e Naphthalene is used as a surrogate lor 2-methylnaphthalene. 
9 Acenaphthene is used as a surrogate for acenaphlhylene. 
10 Pyrene is used as a surrogate for benzo(g.h,i)perylene and phenanthrene, 

Associ5!1~Q S~m~les: 
0956010002 0956040102 0956080002 
0956010102 0956050002 0958080102 

Definitions: 
ARARlTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen. 
COPC = Chemical of potential concern. 
IDEM = Indiana Department Of Environmental Management. Risk Integrated System of 

Closure (RISC) residential levels for migralion from soil 10 groundwater (IDEM, July 2001). 
J = Estimated value._ 
N = Noncarcinogen. 
NA = Not applicable/not available. 
sat = Soil saturation concentration. 

Rationale Codes: 
For 5election as a COPC: 

A5L = Above COPC screening leveVAAARlT6C. 

For Elimination as a COPC: 
BKG = Within background levels. 
65L = 6elow COPC screening leveVAAARlT8C. 
NTX = No toxicity Information. 
NUT = Essential nutrient. 

0956020002 0956050102 0958090002 Shaded cells indicle that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC, 

0956020102 0956060002 0958090102 

0956030002 095B060102 095B I 00002 

0956030102 0958070002 0958100102 

0958040002 0958070102 0958110002 

0956110102 

• • • 
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TABLE 6·14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 9· PESTICIDE CONTROLJR·150 TANK AREA 

Scenario Timefrarne: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface Soil 

CAS 
Number 

Voi:AiiLE 

75-09-2 

127-18-4 
79-01-6 

Chemical 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 
i'i'iiCHL5R< 

§ 
TILE ORGANICS 

2-METHYLNAPHTHALENE 
ACENAPHTHENE 
ACE NAPHTHYL ENE 
ANTHRACENE 

1BEi 

205-99-2 BENZO B FLUORANTHENE 
191-24-2 BENZO G,H.I PERYLENE 
207-08-9 BENZO K FLUORANTHENE 
117·81-7 BIS 2·ETHYLHEXYL PHTHALATE 
218-01-9 CHRYSENE 
84-74-2 ol-N-BUTYL PHTHALATE 
53-70-3 olBENZO A.H ANTHRACENE 
206-44-0 FLUORANTHENE 
86-73-7 FLUORENE 
193-39-5 INoENO 1.2,3-Co)PYRENE 
91-20-3 NAPHTHALENE 
85-01-8 PHENAN 
129-00-0 PYRENE 

94-75" 
88-85" 
87-86-5 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 

7440-41-

7440-43-9 
7440·70·2 
7440·47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 

4,4'-00T 

!METHOXYCHLOR 

2.4-[ 
olNOSEB 
PENTACHLOROPHENOL 

ANTIMONY 
ARSENIC 
BARIUM 

9ERYLLIUM 

CADMIUM 
CALCIUM 
CHROMIUM 
COBAi: 
CCi"PPER 

LEAl 

Minimum 
Concentration 

(1) 

0.003 

0.004 
0.018 

0.04 
0.02 

0.018 
0.052 
0.018 
0.022 
0.009 
0.009 
0.018 
0.66 

o:oT 
----;-T 
o:oT 
0.008 
0.029 
0.014 
0.03 
0.013 
0.013 

J04 
).46 

0.025 

--0:02 
0.014 

328( 
D.97 

0.26 
15.ii 

0.96 
480 
3' 
iA 

2.3 
26ii 
6-
73i 

4.4 

Minimum 
Qualifier 

J 

J 

J 

J 

J 

J 

J 

_.J_ 

Maximum 
Concentration 

(1) 

0.006 

0.004 
0.018 

1.8 
0.02 

0.018 
0.052 

----o:i5 
Q.i3 
0:12 
0.057 

----o.iT 
0.66 

o:T4 
----;-T 
0.029 

----0.3 
0.029 
0.058 
J.93 
J.63 
0.23 

0.004' 
D.46 

0.Q25-

----:ii2 
0i4 

0.0035 

12900 
3.1 
9:6 
108 

0.96 
17500( 
ill 

3. 
To 
31900. 
34.9 

32500 
060 

Maximum 
Oualifier 

J 

J 

J 

J 
J 
J 

J 

NSWC CRANE, CRANE, INDIANA. 
PAGE 1 OF 2 

Units 
Location of I Detection 
Maximum Frequency 

Concentration (1) 

mglkg 

~ 
mglkg 

~ 
~ 
~ 
~ 
~ 

09SB100204. 
09S9090102, 
nQ~Rnan1n., 

~I 09S903000~_ 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

maiko 

~ I 09SB070709 mg/kg 
mg/kg 

~ 
~ 

mglkg 

~ 
~ 
~ 
~ 
mglkg 

malkg I 09S B 1 00002 
mglkg 09SB 11 0002 

_-,"glkg 

~ 
~ I 09SB100002 

maiko 
m Ik 095B 1 00002 
~ 09SBll0002 

maiko 

mglkg I 09S9040002 

11122 

1/22 
1121' 

2122 
1122 

1/22 
1t22 
4/22 
4/22 
5/22 
5/22 
4/22 

1722 
5/22 
1/22 

3m 
5i22 
1722 

4/22 
2122 
4/22 
5/2: 

1/22 
1122 

1/22 

1/16 

1719 
4i2O 

22/22 
4i22 

22/22 
22122 

112: 
18/2: 
22/22 
22/2 

22i2 
221: 
2212 

2i72 
22i2 

Range of Nondetects 
(2) 

Concentration I B~~~ ~:~ed I Risk-Ba~ed cope I Potential I Potential I cope 
Used for ~ Screening Level ARARlTBC ARARlTBC FI 

Screening (3) (4) - (5) Value Source ag 

0.003 - 0.004 

0.003 . 0.004 
0.003 • 0.004 

0.00 
Q.Oo 
0:00 
0:00 

.v09 

.009 
-0.009 

0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 

0.37 - 0.44 
.008 - 0.009 
0.37 - 0.44 

0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 
0.008 - 0.009 

.Jl,QQ8 - 0.009 

037 -
O.~ 

019 - 0.022 ~ 

0.006 

)04 
)18 

i:8 
0.02 

0.018 
0.052 

---o.i5 
Q.i3 
0:12 
0.057 

----o.iT 
0.66 

0:14 
1':2 
0.029 

---0:3 
0.029 
0.058 
0.93 
0.63 
0.23 

J04 
J.46 

0.025 

0.003 - 0.0033 0.02 
0.003 - 0.0035 0.014 

0.00075 - 0.00088 0.0035 

0.83-1 

0.82-

3.82 
~72 

409 - 409 

12900 
3.1 
9:6 

iOs" 

0.96 
175000 
ill 
~ 

20: 
31900 
34.9 

32500 
060 

NA 

NA 
Nil 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

NA 
Nil 
Nil 
Nil 
Nil 
NA 
Nil 
Nil 
Nil 
Nil 
Nil 

Nil 
Nil 
NA 

Nil 
NA 
Nil 

8.9 

5. 
2.8 

C 

N 
N 
N 
N 

N 

N 
0.062 C 
230 N 
260 N 
0.62 C 
5.6 N 

230(9) N 
230 ....!:!. 

C 
~ 

31 N 

69 N 
6.1 N 
-3---C 

IN 
3.1 N 

540 N 

15 

3.7 N 
NA 

30(10) 
470 N 
290 N 

IN 
400(11) N' 
NA 

IN 

2.3(12) 

120 

48 
45 

~ 
950C 

9500(8) 
47000 
-5-

o.s 
-5-

5.2Q2(9) 
50 

300 
500 
18000 
o:s 
6300 
6300 
-5-

3200 
5500(9) 

5500 

20-
Ta 
910 

NA 
NA 
20 

NA 
140 

230C 

680 

12 
NA 

430(10) 
NA 

1300 
NA 
400 
NA 

NA 

IDEM 

IDEM 
IDEM 

IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 

IDEM 
IDEM 
IDEM 

No 

No 
No 

NO 
NO 
NO 
NO 
NO 

No 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
""NO 
To 
NO 
NO 
NO 

NO 

No 

IDEM --,;jQ 
IDEM No 
IDEM No 

IDEM 
IDEM 
IDEM 
IDEM 

IDEM 

IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 
IDEM 

NO 
""NO 

No 

No 

No 
No 
No 

NO 
NO 

NO 

.!!£.. 
No 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 

BSL 

BSL 
BSL 

BsL 
BsL 
BsL 
BsL 
BsL 

1:'~ 
-'\"'" 

BSl 
BsL 
BsL 
'BsI 
BSi 
BsL 
BsL 
B5L 
B5L 
B5L 
B5L 
BSL 

Cl-,;·t~ 

BSL 

BSL 
m 
~ 

B5L 
B5L 

B§.b 

9SL 
_BKG 

BSl 

BSL.BK 
NU' 
BSL 

-BSL 
BSL 

BSL 
NL 
BKG 

p 
~{ 

'--,--
1,1,/ ,... 

7439-96-5 

7439-97-6 

7440-02-0 

MERCUI 

NICKEL 2 .• 24. --;;;(jii(Q 22122 --- -24. 160 N 690 IDEM I No I B5L.BKG 



CAS 
Number 

7440-09-7 
7440-62-2 
7440-66-6 

TABLE 6·14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 9· PESTICIDE CONTROLiR·1S0 TANK AREA 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface .Soil 
Exoosure Point: Surface/Subsurface Soil 

Minimum 
Chemical Concentration 

(1) 

POTA551UM 464 
VANADIUM 2.4 
ZINC 9.9 

Minimum 
Qualifier 

J 
J 
J 

Maximum 
Concentration 

Maximum 
Units 

Qualifier 
(1) 

630 J mq/kq 
29.3 J mq/kQ 
120 J mglkg 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Location of Detection Concentration 
Site Above 

Risk·Based CO PC 
' Maximum Frequency 

Range of Nondetects 
Used for 

Background 
Screening Level 

(2) 7 
Concentration (1) Screening (3) 

(4) 
(S) 

095B060810 7/22 409 - 472 630 No NA 
095B090002 22122 --- 29.3 No 55 N 
0956060002 22/22 --- 120 2300 N 

Potential Potential 
ARARlTBC ARARlTBC 

CO PC 
Flag 

Value Source 

NA IDEM No 
NA IDEM No 

100000 IDEM No 
MISCELLANEOUS PARAMETERS 

CATION EXCHANGE CAPACITY 7.4 13 e 100 0956080406 
H 4.3 5.U. 0956070002 

TOTAL ORGANIC CARBON 1200 8500 m k 09S6040002 

FOOlnOles: 
1 .Only the original of duplicate sample was used lor cope selection. The duplicate was used for quality control purposes only. 

Values presented are sample-specific quantitation limits. 
The maximum detected concentration Is used for screening purposes. 
To determine whether metal concentrations were within background levels, soil concentrations were 
compared 10 base-wide background data presenled In the Basewide 6ackground 50il Invesligalion Report 
(lINU5, Inc., January 2001) by means 01 the Wilcoxon Rank 5um Tesl. If Ihe Wilcoxon Tesl 
determined that a constituent concentration was not signilicanty dillerent from background, that 
'chemical was not selected as a CO PC. 

_ The risk-based soil CO PC screening level lor residenlialland use is presented. The value is based on a 
larget Hazard Quotient of 0.1 for noncarcinogens (denoted with a liN- flag) or an incremental cancer 
risk 01 1 E-610r carcinogens (denoled wilh a "C" flag) (U.5. EPA, Region 9, November 2000). 

6. The chemical is selected as a CO PC if the maximum detected concentration exceeds the risk-based 
CO PC screening level and/or an ARARlT6C(s). 

7 .Naphthalene is used as a surrogate lor 2-melhylnaphthalene. 
8 Acenaphlhene is used as a surrogate for acenaphthylene. 
9 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
10 Hexavalent chromium. 
11 OSWER soil screening level lor residenlialland use (U.S. EPA, July 1994). 
12 Value is lor mercuric chloride (U.5. EPA, Region 3, OClober 2001). 

Associated Samgte§:: 
0956010002 0956040002 0956070002 09S61 00002 
0956010102 0956040102 0956070102 09SB100l02 
0956020002 0956050002 095B080002 0956110002 

0956020102 095B050102 0956080102 0956110102 

0956030002 0956060002 0956090002 0956010810 
0956030102 095B060102 0956090102 0956020608 

• 

0958030406 
095B040406 
09S6050406 

. 095 B06081 0 

0956070709 
0956080406 

0956090810 
0956100204 
0956110406 

• 

8/8 
818 
7/8 1000 - 1000 

13 NA NA NA IDEM No 
8 NA NA NA IDEM No 

8500 NA NA NA IDEM No 

Definitions: 
ARARfTBC = Applicable or Relevant and Appropriate RequiremenVlo be considered. 
C = Carcinogen. 
CAS = Chemical abstract services. 
COPC ; Chemical 01 Polenlial Concern 
IDEM; Indiana Departmenl 01 Environmenlal Managemenl, Risk Inlegraled 5yslem of 

Closure (RISC) residenllallevels lor direcl conlacl wilh soil (IDEM, July 2001). 
J = Estimated value. . 
N ~ Noncarcinogen. 
NA ; NOI applicable/nol available. 
meq = milliequivalent. 
5:U. ; 51andard unls. 
sal = Soil saturation concentration. 
Rationale Codes: 
For 5eleclion as a COPC: 
A5L; Above CO PC screening leveVARARfTBC. 

For Elimination as a COPC: 
6KG ; Within background levels. 
65L ; 6elow COPC screening leveVARARfT6C. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

Shaded cells indicate that the specified criterion or background level has been exceeded or thai the chemical 
has been selected as a cope. 

• 

Rationale for 
Contaminant 
Deletion or 

Selection (6) 

NUT,BKG 
B5L,6KG 

65L 

NTX 
NTX 
NTX 



CAS 
Number 

75·09·2 

• • 
TABLE 6-15 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU 9 - PESTICIDE CONTROLIR-150 TANK AREA 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface 5011 
EXDQsure Point: Surface/Subsurface Soil 

Chemical 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 
TR'ICHLOROETHENE 
ORGANICS 

Minimum 
Concentration 

(1) 

0.003 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

0.006 

Maximum 
Qualifier 

Units 

mglkg 

NWSC CRANE. CRANE. INDIANA 
PAGE 1 OF 2 

Location of I Detection 
Maximum Frequency 

Concentration (1) 

11/22 

Range of No~detects 
(2) 

0.003 . 0.004 

Site Above 
Concentration I Background 

Used for ? 
Screening (3) (4) 

0.006 NA 

USEPA Generic 

• 

IDEM SSL for I COPC 
Migration to Flag 

Groundwater (6) 

Rationale for 
Contaminant 
Deletion or 

Selection (7) 

0.023 Yes ASL 

Yes ASL 
Yes ASL 

''';:: 

:~ .. 7-.: 
;:;.~ 

~: t 
"~J 



CAS 
Number 

7440·62·2 
7440·66·6 

TABLE 6·15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU 9· PESTICIDE CONTROLJR·150 TANK AREA 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface Soil 
EXDOsure Point: Surface/Subsurface SoU 

Minimum 
Chemical Concentration 

(1) 

VANADIUM 2.4 
ZINC 9.9 

Minimum 
Qualifier 

J 
J 

Maximum 
Maximum 

Concentration Units 
(1) 

aualifier 

29.3 J mQlkQ 
t20 J moiko 

NWSC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Site Above 
Location of Detection 

Range of Nondetects 
Concentration 

Background 
USEPA Generic 

Maximum Frequency Used for SSL for Migration 
Concentration (1) 

(2) 
Screening (3) 

? 
to Groundwater (5) 

(4) 

095 B090002 22122 ... 29.3 No 300 N 
095B060002 22/22 ... 120 620 N 

USEPA 
Generic IDEM SSL for 
SSLfor Migration to 

Soil to Air Groundwater (6) 
(5) 
NA NA 
NA 14000 

MISCELLANEOUS PARAMETERS 
CATION EXCHANGE CAPACITY 7.4 13 meQ/I 00 01 095B080406 

H 4.3 5.U. 1 095B070002 
TOTAL ORGANIC CARBON 1200 8500 mQ/ko 1 0958040002 

Foolnotes' 
1 Only the original of duplicate sample was used for cope selection. The duplicate was used for quality control. purposes only. 
2 Values presented are sample-specific quantitatlon limits. 
3 The maximum detected concentration is used for screening purposes. 

8/8 
8/8 
7/8 1000·1000 

13 NA NA NA NA 
NA NA NA NA 

8500 NA NA NA NA 

Definitions: 
ARARfTBC = Applicable or Relevant and Appropriate RequlremenVto be considered. 
C = Carcinogen. 
CA5 = Chemical abstract services. 
COPC = Chemical of potential concern. 

COPC 
Flag 

No 
No 

No 
No 
No 

IDEM = Indiana Department of Environmental Management. Risk Integrated System of 

Rationale for 
Contaminant 
Deletion or. 

Selection (7) 

B5L,BKG 
B5L 

NTX 
NTX 
NTX 

To determine whether metal concentrations were within background levels, soil concentrations were 
compared to base-wide background data presented in the 8asewide Background Soli Investigation Report 
(TtNUS, Inc., January 2001) by means 01 the Wilcoxon Rank Sum Test. lithe Wilcoxon Test Closure (RI5C) residentlaltevels for migration from solita groundwater (IDEM, July 2001). 
determined that a constituent concentration was not significanty different from background, thaI 
chemical was nol selected as a COPC .. 
50il 5creening Guidance: Technical Background Document. (U.5. EPA, May 1996). The migralion to 
groundwater value represents a dilution and attenuation factor (OAF) of 1. 

6 Residential levels for migration from soil to groundwater (IDEM, July 200f). 
7 The chemical is selected as a COPC if the maximum detected concentration exceeds any screening level. 
8 . Naphthalene is used as a surrogate for 2-melhylnaphlhalene. 
9 Acenaphthene is used as a surrogate for acenaphthylene. 
10 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 

0958010002 

095BOIOI02 
095B020002 
095B020102 
09SB030002 
095B030t02 
09S8040002 
095B040102 

• 

Associated Samples: 

095B050002 

095B050102 
095B060002 
0958060102 
095B070002 
09SB070102 
095B080002 
09SB080102 

0958090002 0958030406 

0958090102 0958040406 
0958 t 00002 095B050406 
095BIOOI02 095B06081O 
095B 11 0002 0958070709 
09S811 01 02 0958080406 
095BOI0810 0958090810 
0958020608 095B I 00204 

0958110406 

J = Estimated value. 
N = Noncarcinogen, 
NA = Not applicable/not available. 
sat = Soil saturation concentration. 
meq = milliequivalents. 
S,U. = Standard units. 

Rationale Codes: 
For 5election as a CO PC: 

ASL = Above COPC screening leveUARARlTBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
B5L = 8elow CO PC screening leveUARARlTBC. 

NTX = No toxicity information. 
Shaded cells in.dicate that the specified NUT = Essential nutrient. 

• • 



• 

CAS Number 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
EXDOsure Point: Entire Site 

Minimum 
Chemical Concentration 

(') 

VOLATILE ORGANICS 
71·55·6 1.1.1-TRICHLOROETHANE 26 

75-34-3 1.I·DICHLOROETHANE 14 

75-35-4 . . -. 6.4 

156-59-2 . . -. 1.7 

75-09-2 . -. 58· 

79-01-6 . -. 1 

HERBIDICES 
2.4.5-T 

2.4.5-TP (SllVEX) 

7429-90-5 364 

7440-38-2 .- 0.29 

7440-39-3 ;.- 6.6 

7440-41-7 , 1 

7440-70-2 CALCIUM 7950 

7440-48-4 COBALT 11.6 

7440-50-8 COPPER 2 

7439-89-6 -. 136 

7439-92-1 lEAD 1.1 

7439-95-4 MAGNESIUM 8360 

7439-96-5 34.8 

7440-02-0 16.3 

7782-49-2 SELENIUM 1.2 

7440-23-5 SODIUM 6730 

7440-62-2 VANADIUM 2.1 

7440-66-6 ZINC 12_1 

-- -

Minimum 
Qualifier 

J 

J 

J 

J 

• 
TABLE 6-16 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 9 - PESTICIDE CONTROllR-ISO TANK AREA 

NSWC CRANE. CRANE. INDIANA 
PAGE I OF 2 

Maximum Detection Concentration 
Upgradlent 

Concentration. Maximum 
Units 

Location of Maximum 
Frequency 

Range 01 
Used for 

Sample 
Qualilier Concentration Nondetects(2

) Concentratio (I) (') Screening!)) 
n (4) .... .- .. - - . 

26 ~glL 09GW0301 1112 1 - 50 26 NA 

14 ~gll 09GW0301 1112 1 ·50 14 NA 

6.4 Ilgll 09GW0301 1112 0.5 - 25 6.4 NA 

130 ~gll 09GW0401 3112 1 130 NA 

58 J ~g/l 09GW0401 1112 1 58 NA 

55 ~gll 09GW0301 2112 1 - 50 55 NA 

09GWT010l 

09GWT010l 

09GW1201 

1290 J ~gll 09GWT0201 2112 200 1290 ND 

4.3 ~gll 09GW0201 12112 --- 4.3 ND 

323 ~g/l 09GW0201 12/12 --- 323 

4.4 ~g/l 09GWT0201 2112 1 4.4 ND 

118000 ~g/l 09GW0701 12112 --- 118000 'II 

109 ~gll 09GWT0201 7112 3 109 ND 

8,4 ~gll 09GWT0201 4112 2 8,4 ND 

37300 ~gll 09GW0201 11112 100 37300 .' 

1.1 ~gll 09GW0401 1112 1 1.1 ND 

81500 J ~g1l 09GW0701 12/12 --- 81500 ';11 

7920 ~gll 09GW0201 12112 --- 7920 

279 ~g/l 09GWT0201 6112 10 279 I 

1.7 ~g1l 09GWT0201 3112 1 1.7 

134000 J ~g1l 09GWT010l 1.1112 5000 134000 ';'1' 

2.1 ~gll 09GWT010l 1112 2 2.1 ND 

166 ~g1l 09GWT0201 6112 10 166 

Risk-Based 
Potential COPC 

Screening ARARlTBC 
Value 

Level'S) 

54 N 200 
200 

81 C NA 
990 

11-, C 7 
7 

N I 

I 

C 

C 

3600 N I II 

NA 
I I' N 50 

50. 
,I 2000 

2000 
7.3 N 

NA N NA 
NA 

220 N NA 
NA 

140 N 1000(7) 
1300 

II N II 

NA 
IS N IS 

NA 
NA NA 

NA 
.. N I 

NA 
N NA 

730 
18 N 50 

50 
NA NA 

NA 
26 N NA 

NA 
1100 N 5000(7) 

---- __ 110QO 

Potential 
ARARlTBC 

Source 

FED·MCL 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-Al 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-Al 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

• 
Rationale for 

CO PC Contaminant 

Flag Deletion or 
Selection(G) 

No BSL 

No BSl 

BSl 
·r" 

BSl -.-

~ 

.No NUT 

No BSl 

No BSl 

No BSl 

No NUT 

No BSl 

No NUT 

No BSl 

No BSl 

I 

.","'.,j 

"' -;; 
~i) 

.~ .. ~·I·.:TI 
' .. (:~,;.:::~ 

''''',; 

~ 
.:?, 
,.."! 

'V ,. 
-.' 



CAS Number 

• 

TABLE 6-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Scenario Tlmeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
EXPOsure Point: Entire Site 

PAGE 2 OF 2 

Minimum 
Minimum 

Maximum 
Maximum Location of Maximum 

Detection 
Chemical Concentration 

Qualifier 
Concentration 

Qualifier 
Units 

Concentration 
Frequency 

(I' (II (I' 

--'-- - --_L- -'---

~: 

1 Only the original 01 duplicate sample was used for cope selection. The duplicate was used for quality control purposes only. 

Values presented are sample·specific quantilation limits. 

The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels, maximum groundwater concentrations were 

compared to concentrations in upgradient groundwater sample 09GWTP0601. "the concentration in the site groundwater 

concentration was less than the upgradient concentration, that metal was nol selected as a COPC. 

The risk·based CO PC screening level for tap water use is presented. The value is based on a 

target Hazard Quotient of 0.1 for noncarcinogens (denoted with a "NH flag) or an incremental cancer 

risk 01 1 E-610r carcinogens (denoled wilh a ·C· liag) (U.S. EPA, Region 9. Oclober 2000). 

The chemical is selected as a CO PC if the maximum detected concentration exceeds the risk-based 

COPC screening level and/or an ARARfTBC(s). 

Secondary MCl, based on aesthetic water quality (I.e., color, odor, taste, etc.). 

ASSOciated Samples: 

09GW0201 09GWTOI01 

09GW0301 09GWT0201 

09GW0401 09GWT0301 

09GW0701 09GWT0401 

09GW100l 09GWT0501 

09GW1201 09GWTP0501 

Range of 
Nondetects(2) 

Shaded cells indicate that the speCified criterion or background level has been exceeded or thallhe chemical has been selected as a COPC . 

• 

Concentration 
Used tor 

Screenlng!J) 

Upgradient Risk-Based 
Potential Potential 

Rationale for 

Sample CO PC 
ARARlTBC ARARlTBC 

COPC Contaminant 

Concentratio Screening 
Value Source 

Flag Deletion or 

n(4) Level lS) Selection(6
) 

Definitions: 

ARARlTBC = Applicable or Relevant and Appropriate RequlremenVto be considered. 

C = Carcinogen. 

CAS = Chemical abstract services. 

COPC = Chemical of potential concem. 

J = Estimated value. 

N = Noncarcinogen. 

NA = NOI analyzed / nol applicable. 

NO = NOI de(ecled. 

FED-Al = Federal aclion level (U.S. EPA. 2000). 

FED-MCl = Federal Maximum Conlaminanl Level (USEPA. 2000). 

IDEM = Indiana Department of Environmental Management. Risk Integrated System of 

Closure (RISC) resldenilal closure levels lor ground waler (IDEM. July 2001). 

Rationale Codes: 

For Seleclion as a COPC: 

ASl = Above CO PC screening leveVARARlTBC. 

For Eliminalion as a COPC: 

BKG = Wilhin background levels. 

BSl = Below COPC sc(eening leveVARARfTBC. 

NTX = No toxicity inlormation. 

NUT = Essential nutrient. 

• 



• 
Scenario Timeframe: Current/Future 
Medium: Surface Water 
Exposure Medium: Surface Water 
EXDOsure Point: Entire Site 

Minimum 
CAS Number Chemical Concentration 

I" 

HERBICIDES 
94-75-7 2.4-D 0.18 

INORGANICS 
7429-90-5 ALUMINUM 220 

7440-36-0 . 1.6 

7440-38-2 ARSENIC 0.41 

7440-39-3 BARIUM 37.3 

7440-70-2 CALCIUM 17600 

7440-48-4 COBALT 5.5 

7440-50-8 COPPER 12.4 

7439-89-6 IRON 288 

7439-92-1 lEAD 3.6 

7439-95-4 MAGNESIUM 5960 

7439-96-5 MANGANESE 57.6 

7440-09·7 POTASSIUM 5310 

7440-23-5 SODIUM 12600 

7440-62-2 VANADIUM 3.1 

7440-66-6 ZINC 11.9 

FilTERED METALS FilTERED METALS 
7440-36-0 NTIMONY. FilTERED 1.6 

7440-38-2 0.27 

7440-39-3 BARIUM. FilTERED 33.2 

7440-70-2 CALCIUM. FilTERED 17800 

7440-48-4 COBALT. FilTERED 5.1 

7440-50-8 COPPER, FilTERED 7.4 

7439-89-6 145 

7439-92-1 lEAD. FilTERED 2.3 

7439-95-4 MAGNESIUM, FilTERED 6210 

7439-96-5 ANGANESE, Fil TERED 18 

Minimum 
Qualifier 

J 

J 

J 

J 

J 

• 
TABLE 6-17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Maximum Detection Concentration Upgradient 
Maximum Location of Maximum Range of 

Concentration Units Frequency Used for Sample 
II, Qualifier Concentration (>, Nondetects(2) 

Screening(3) Concentration (4) 

0.18 ~gll 09SW0201 114 0.08 0.18 NA 

245 J ~gll 09SW0201 214 200 245 5990 

1.6 ~gll 09SW0501 114 I 1.6 ND 

1.9 J ~gll 09SW0501 414 --- 1.9 4.6 

72.5 ~gll 09SW0501 414 --- 72.5 173 

57300 ~gll 09SW0501 414 _ .. 57300 .:,. 

5.5 ~gll 09SW0501 114 3 5.5 9.8 

12.4 ~gll 09SW0501 1/4 2 12.4 18.5 

1830 J ~gll 09SW0501 414 .. - 1830 8390 

3.6 ~gll 09SW0501 114 I 3.6 21.9 

15000 J ~gll 09SW0201 414 .. - 15000 15400 

583 ~gll 09SW0201 414 .. - 583 637 

5310 J ~gll 09S~0§01 1.f4 5000 5310 ND 

175000 ~gll 09SW0501 414 .. - 175000 .1" -
3_1 ~gll 09SW0501 114 2 3.1 14.3 

11.9 ~gll 09SW0501 114 10 11.9 50.4 

1.6 ~gll 09SW050H 114 1.6 ND 

2.3 ~gll 09SW050H 414 2.3 

71 ~gll 09SW0501-F 414 71 94.9 

57100 ~gll 09SW0501-F 414 57100 

5.1 ~gll 09SW0501-F 114 5.1 ND 

7.4 ~gll 09SW050H 114 7.4 ND 

1460 ~gll 09SW050H 314 100 1460 

2.3 ~gll 09SW0501-F 114 2.3 ND 

14100 ~gll 09SW020H 414 14100 17800 

532 ~gll 09SW020H 414 532 

Risk-Based 
Potential 

COPC 
ARARfTBC Screening 

Value Level(S) 

36 N 70 
NA 

3600 N I, " NA 
N 6 

NA 
I I' C 50 

50 
260 N 2000 

2000 
NA NA 

NA 
220 N NA 

NA 
140 N 1000(7) 

1300 

" N " NA 
15 15 

NA 
NA NA 

NA 
.. N I 

NA 
NA NA 

NA 
NA NA 

NA 
26 N NA 

NA 
1100 N 5000(7) 

11000 

N 
NA 

C 50 
50 

260 N 2000 
2000 

NA NA 
NA 

220 N NA 
NA 

140 N 1000(7) 
1300 

N " NA 
15 15 

NA 
NA NA 

NA 
N 

NA 

• 
Potential 

COPC 
ARARfTBC 

Flag 
Source 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED·MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-Al No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED·MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-Al No 
IDEM 

FED·MCl No 
IDEM 

FED-MCl 
IDEM 

·Rationale for 
Contaminant 
Deletion or 
Selection(6) 

BSl 

BKG 

BKG 

BSl.BKG 

NUT 

BSl.BKG 

BSl.BKG 

BKG 

BSl.BKG 

NUT,BKG 

BKG 

NUT 

BSl 

BSl.BKG 

BSl.BKG 

BSl.BKG 

NUT 

BSl 

BSl 

BSl 

NUT,BKG 

,}',. 

~t,,- ~;. 
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Scenario Timeframe: Current/Future 

Minimum 
CAS Number Chemical Concentration Minimum 

(I) Qualifier 

7440-09-7 POTASSIUM, FILTERED 5390 J 

7440-23-5 SODIUM. FilTERED 12700 

7440-62-2 VANADIUM, FilTERED 3.8 

7440-66-6 ZINC. FilTERED 10.2 

TABLE 6-17 

'OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 9 - PESTICIDE CONTROllR-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maximum Detection Concentration Upgradient 
Concentration Maximum 

Units 
location of Maximum Frequency 

Range 01 
Used for Sample 

") Qualifier Concentration ") Nondetects(2) 
ScreenlngP ) Concentration (4) 

5390 J ~gll 09SW0501-F 1/4 5000 5390 NO 

182000 ~gll 09SW0501-F 4/4 --- 182000 11 

3.8 ~gll 09SW0501-F 1/4 2 3.8 NO 

10.2 pgll 09SW0501-F 1/4 10 10.2 NO 

Risk-Based 
Potential Potential 

Rationale for 
CO PC 

ARARfTBC ARARfTBC 
COPC Contaminant 

Screening 
Value Source 

Flag Deletion or 
Level(5j Selection(!!) 

NA NA FED-MCl No BSl 
NA IDEM 

NA NA FED-MCl No NUT 
NA IDEM 

26 N NA FED-MCl No BSl 
NA IDEM 

1100 N 5000(7) FED-Mel No BSl 
11000 IDEM 

MISCELLANEOUS PARAMETERS 
HARDNESS 70 180 ~gll 09SW0501 

TOTAL SUSPENDED SOLIDS 3 10 pgll 09SW0401 

Foolnotes: 

1 Only the original 01 duplicate sample was used ,for cope selection. The duplicate was used lor quality control purposes only. 

2 Values presented are sample·specific quanlitalion limits. 

The maximum detected concentration is used for screening purposes,. 

To determine whelher metal concentrations were within background levels, maximum surface water concentrations were 

compared to concentrations in upgradient surface waler sample 09SWOl 01. II the concentration in the site surfa~e waler 

concentration was less than the upgradient concentration, that metal was not selEcted as a cope. 
The risk·based COPC screening level for tap water use is presented. The ~alue is based on a 

target Hazard Quotient of 0.1 for noncarcinogens (denoled with a -N" lIag) or an incremental cancer 

. risk 01 1 E-6 lor carcinogens (denoted with a 'C- flag) (U.S. EPA, Region 9, October 2000). 

The chemical is selected as a CO PC if the maximum detected concentration exceeds the risk·based 

CO PC screening level and/or an ARARlTBC(s). 

Secondary MCL, based on aesthetic water quality (i.e., color, odor, taste, etc.). 

Associated Samples: 

09SW0201 09SW0201-F 

09SW0301 09SW0301-F 

09SW0401 09SW0401-F 

09SW0501 09SW0501-F 

4/4 

314 

--- 180 

2 10 

NA NA NA FED-MCl No NTX 
NA IDEM 

NA NA NA FED-MCl No NTX 
NA IDEM 

Definitions: 

ARARlTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 

C = Carcinogen. 

'CAS = Chemical abstracl services. 

COPC = Chemical 01 potential concem. 

J = Estimated value. 

N = Noncarcinogen. 

NA = Not analyzed 1 not applicable. 

NO = Not detected . 

FED-Al = Federal action level (U.S. EPA, 2000). 

FED-MCl = Federal Maximum Contaminant level (U.S. EPA, 2000). 

IDEM = Indiana Department of Environmental Management. Risk Integrated System of 

Closure (RISC) residential closure levels lor groundwater (IDEM, July 2001) 

Rationale Codes: 

For Selection as a cope: 
ASl = Above CO PC screening leveVARARlTBC. 

For Elimination as a COPC: 

BKG = Within background tevels. 

BSl = Below COPC screening leveVARARlTBC. 

NTX = No toxicity inlormation. 

NUT = Essential nutrient. 

Shaded cells indicate thatlhe specified Criterion or background level has been exceeded or Ihalthe chemical has been selected as a COPC . 

• • • 
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TABLE 6-18 

OCCURRENCE, OISTRIBUTION, ANO SELECTION OF CHEMICALS OF POTENTIAL CONCERN - OIRECT CONTACT WITH SEOIMENT 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

CAS 
Number 

Scenario Timeframe: CurrenUFuture 
Medium: Soil 
Exposure Medium: Sediment 
EXDosure Point: Sediment 

Chemical 
Minimum 

Concentration 
(1) 

VOLATILE ORGANICS 

175-09-2 1 METHYLENE I 

TILE 

NSWC CRANE, CRANE, INDIANA 

Minimum., Maximu":, I Maximum I . I LOC8~ion of 
Q IT ConcentratIon Q 1"11 UnIts MaXImum 

us I ler (1) us I er Concentration 

I mglkgl 

Detection 
Frequency 

(1) 

Range 01 Nondetects 
(2) 

Concentration 
Used lor 

Screening (3) 

Upgradient 
Sample 

Concentrati 
on (4) 

Deletion or 
Selection (6) 

Risk-Based COPCI Potential I Potential I I Rationale lor 
Screening Level ARARlTBC ARARITBC COPC Contaminant 

(5) Value Source Flag 

1206-44·0 IFLUORANTHENE 0.01 0.01 1 mglkql 0950030006 1 1/4 0.009 0.01 NA 230 N 6300 IDEM No BSL 
PESTICIDESlPCBs . 

112672-29-6 ','d.ijC.lilfJi: 0.38 0.38 I mg/kgl 0950030006 114 0.043·0.045 0.38 NA _,'f.c 1.8 IDEM .'4 '~1 

7440·39-3 
7440·70-2 
7440·47-3 
7440-48-4 
7440-50·8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96·5 
7440-02·0 
7440-09-7 
7440-62·2 

17440-66-6 

'ANTIMONY 

[BARiuM 
CALCIUM 
"C"H"ROMiUM 
ICOBALT 
COPPER 

~ 
LEAD 
MAGNESIUM 

@'NiC!·Uif14 
NICKEL 
POTASSIUM 
VANAOIU~ 

ZINC 
; PARAMETERS 

5470 
"""""1:3 
"""0: 

39.3 
7a6 
11.1"" 
4:B 
-9-

15700 
6.6 
597 
86.8 

7.4 
9i3 
12.2 
2~ 

J 

J 

J 
J 

10800 
----;:J 
~ 

103 
"i47O 
""""i3 
i4.5 
27.7 

18600 
22T" 

1820 
1300 
i"i":6 

"9i3 
21.2 
95.3 

J 
::I 

...L 

J 
J 

I~;~ 

, mglkg 

0950040006 

4/4 
174 
-:4i4 

4/4 
4i4 
4i4 
4i4 
4i4 
4i4 
4i4 
4i4 
4i4 
4i4 
174 
4i4 

4/4 

0.96 -

411-487 

---

0800 
"""1:3 
6. 
103 
1470 

1""3 
""""i4.5 
""""2'iY 
18600 
22.7 
"""i82c 
""i3oC 
1"iJi 
9i3 
T 

95.3 

NO 3. 

~ 
NA 

30(7) 

~ 
290 

....4.00(8J 

N 

N 

...!!. 
N 

IN 
N 

·NA 

""""i4O 

23000 
NA 

430(7) 
NA 

13000 
NA 
40~ 

IDEM 
IDEM I_~ I BSL 
IDEM 
IDEM I~~ 
IDEM , No , NUT. BKG 
IDEM 1 No I BSL 
I()EM No' __ BSL 
IDEM No BSL 
IDEM 
IDEM LNo' BSL 
IDEM No NL 
IDEM 

BSL.BKG 
NUl 
BSL 
BSL 

r==- ]!OTACORGANICCARBON '--'600 L 14000 I mglkgl 09S0040006 1 4/4 14000 NA NA I--NA IDEM-r No r==J'ITx - J 

Foolnoles: 
Only the original 01 duplicate sample was used lor CO PC selection. The duplicate was used lor quality control purposes only. 
Values presented are sample-specific quantilation limits. 
The maximum detected concentration is used lor screening purposes. 

4 To determIne whether metal concentrations were within background levels. maximum sediment concentrations were 
compared to concentrations in upgradient sediment sample 09S00 1. II the c~:mcentration in the site sediment 
concentration was less than the upgradient concentration. that metal was not selEcted as a COPC. 
The risk-based soil Co PC screening level for residential land use is presented. The value is based on a 
target Hazard Quotient 01 0.1 for non carcinogens (denoted with a ·N' flag) or an Incremental cancer 
risk 01 1 E-6 for carcinogens (denoted with a ·C' flag) (U.S. EPA, Region 9. November 2000). 

S The chemical is selected as a cope if the maximum detected concentraHon exceeds the risk-based 
COPC screening level and/or an ARARlTBC(s). 

7 Hexavalent chromium. 
8 OSWER soil screening level lor residentiat land use (U.S. EPA. July 1994). 

Associated Samples: 

09S0020006 
09S0030006 
09S0040006 
0950050006 

Definitions: 
ARARlTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen. 
CAS = Chemical abslract services. 
COPC = Chemical of potential concern. 
IDEM = Indiana Department of Environmenlal Management. Risk Integrated System 01 

Closure (RISC) residential levels for direct contact witll soil (IDEM, July 2001). 
J = Estimated value. 
N = Noncarclnogen. 
NA = Not applicable/not available .. 
sat = Soil saturation concentration. 

Rationale Codes: 
For Selection as a CO PC: 
ASL = Above COPC screening lev9VARARlTBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening leveVARARlTBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

Shaded cells Indicate that the specified criterion or background levet has been exceeded or that the chemical has been selected as a COPC. 
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Scenario 
Medium 

Exposure 
Exposure Point 

Timeframe Medium 
CurrenVFuture Surface Soil( t) Surface Soil Entire Site 

Air Vapors and Particulates in 
Air - Entire Site 

Ground Water Ground Water/Air Surficial Aquifer 

. Surface Water Surface Water On-site Streams. Ponded 
Water and Draingeways 

Air On-site Streams. Ponded 
Water and Draingeways 

--- --_ .. 

• 

TABLE 6-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 4 

Receptor Population 
Receptor Exposure On-SileJ Type 01 

Age Route Off-Site Analysis 
Maintenance Workers Adult Ingestion On-site Quant(2) 

Dermal On-site Quant 

Trespassers Adolescent Ingestion On-site Quant 

Dermal On-site Quant 

Adult Ingestion On-site None 

Dermal On-site None 

Maintenance Workers Adult and fnhalation On-site Qual(3) 
and Trespassers Adolescent 

Maintenance Workers Adult and fngestion On-site None 
and Trespassers Adolescent 

Dermal On-site None 

Inhalation On-site None 

Maintenance Workers Adull Ingestion On-site None 

-- Dermat On-site None 

Trespassers Adolescent tngestion On-site Quant 

Dermal On-site Quant 

Adult tngestion On-site None 

Dermal On-site None 

Maintenance Workers Adult and. Inhalation On-site None 
and Trespassers Adolescent 

• 

Rationale lor Selection or Exclusion 01 Exposure Pathway 

NSWC Crane is an active facility and maintenance activities such as 
groundskeeping. may be performed at the site. 

NSWC Crane is an active facility and maintenance activities such as 
groundskeeping. may be performed at the site. 
Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs(4) for transfers from soil to air. 

Direct contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

Direct contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water suppfy. 

Direct contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Minimat exposure is antiCipated (i.e .• so low that it is not worth quantifying). 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Minimal exposure to vapors emitted from surface water is anticipated (i.e .. so 
low that it is not worth quantifying). 

• 



• 
Scenario 

Medium 
Exposure 

Exposure Point 
Tlmelrame Medium 

Current/Fulure Sedimenl Sediment On-sile Sireams. Ponded 
Water and Draingeways 

I 

I I 

Air Vapors and Particulates in 
Air - Entire Site 

Future Surface/ Surface/ Entire Site 
Subsurface Soil Subsurface Soil 

(5) 

Air Vapors and Particulates in 
Air - Entire Site 

Surface Soil Surface Soil Entire Site 

Air Vapors and Particulates in 
Air - Entire Site 

Ground Water Ground Water Surficial Aquifer 

• 
TABLE 6-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 4 

Receptor Population 
Receptor Exposure On-SiteJ Type 01 

Age Route Off-Site Analvsis 
Maintenance Workers Aduil Ingestion On-site None 

Dermal On-site None 

Trespasser Adolescent Ingestion On-site Quant 

Dermal On-site Quant 

Aduil Ingestion On-site None 

Dermal On-site None 

Maintenance Workers Adult and Inhalation On-site None 
and Trespassers Adolescent 

Excavation/Construction Adult Ingestion On-site Quant 
Workers 

Dermal On-site Quant 
Excavation/Construction Adult Inhalation On-site Qual 

Workers 
Occupational Workers Adult Ingestion On-site Quant 

Dermal On-site Quant 
.... 

Recreational Users Aduil Ingestion On-site Quant 

Dermal On-site Quant 

Residents Child and Ingestion On-site Quant 
Aduil 

Dermal On-site Quant 

Occupational Workers. Child and Inhalation On-site Qual 
Recreational Users. and Adult 

Residents 

Excavation/Construction Adult Ingestion On-site None 
Workers 

Dermal On-site Quant 

Occupational Workers Adult Ingestion On-site None 

Dermal On-site None 

• 
Rationale lor Selection or Exclusion 01 Exposure Pathway 

Minimal exposure is anticipaled (i.e .. so low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

. Although access to the base is controlled. once inside the base. access to the 
! study areas is not limited by ~ny"physical constraints. 

Ailhough access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks lor the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantify.ing). 

Excavation/construction activities may occur at the site in the future ....• 

Excavation/construction activities may occur at the site in Ihe fulure. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generiC SSLs for transfers from soil to air. 
Although the site is currently not in use. it could be used in the future for 
industrial purposes. -
Although the site is currently not in use. it could be used in the future for 
industrial purposes. " 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 

Although the scenario is unlikely. a residential scenario is included to aid in I 
future risk management decisions. I 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA I 
generiC SSLs for transfers from soil 10 air. I 

I 
Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Excavation/construction activities may occur at the site and workers may be 
exposed by direct contact with groundwater. 

Direct contact with groundwater is not expected to occur for future workers. 

Direct contact with groundwater is not expected 10 occur for future workers. 
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Scenario 
Medium 

Exposure 
Exposure Point 

Tlmeframe Medium 
Future Ground Water 

Air Vapors 

Surface Water Surface Water On-site Streams. Ponded 
Water and Draingeways 

Air On-site Streams. Ponded 
Water and Draingeways 

Sediment Sediment On-site Streams. Ponded 
Water and Draingeways 

Air On-site Streams. Ponded 
Water and Draingeways 

• 

TABLE 6-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 30F4 

Receptor Population 
Receptor Exposure On-Site! Type of 

A!le Route Off-Site Analysis 

Recreational Users Adult Ingestion On-site None 

Dermal On-site None 

Residents Child and Ingestion On-site Quant 
Adult 

Dermal On-site Quant 

Excavation/Construction! Adult Inhalation On-site None 
Occupational Workers 
and Recreational Users 

Residents Child and Inhalation On-site Quant 
Adult 

Excavation/Construction Adult Ingestion On-site None 
and Occupational 

Workers Dermal On-site None 

Recreational Users Adult Ingestion On-site Quant 

Dermal On-site Quant 

Residents Child and Ingestion On-site Quant 
Adult 

Dermal On-site Quant 

Excavation/Constuction/O Child and Inhalation On-site None 
ccupational Workers. Adult 

Recreational Users. and 
Residents 

Excavation/Construction Adult Ingestion On-site None 
and Occupational 

Workers Dermal On-site None 

Recreational Users Adult Ingestion On-site Quant 

Dermal On-site Quant 

Residents Adult and Ingestion On-site Quant 
Child 

Dermal On-site Quant 

ExcavationlConstuctionlO Child and Inhalation On-site None 
ccupational Workers. Adult 

Recreational Users. and 
Residents 

• 

Rationale for Selection or Exclusion of Exposure Pathway 

Direct contact with groundwater is not expected to occur for future 
recreational users. 
Direct contact with groundwater is not expected to occur for future 
recreational users. 
Although it is unlikely that shallow ground water at the site would be used as 
a domestic water supply. this scenario is included to aid in future risk 
management decisions. 
Although it is unlikely that shallow ground water at the site would be used as 
a domestic water supply. this scenario is included to aid in future risk 
management decisions. 
Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Although it is unlikely that shallow groundwater at the site would be used as a 
domestic water supply. this scenario is included to aid in future risk 
management decisions. 
Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 
Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 
Minimal exposure to vapors emi«ed from surface water is anticipated (i.e .. so 
low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

This scenario is evaluated on the assumption that the Facility would close 
and be turned into a state park in the future. 

Although the scenario is unlikely. a residential scenario is included to aid in 
future risk m.anagement decisions. 
Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 

Minimal exposure to vapors emitted from surface water is anticipated (i.e .. so 
low that it is not woith quantifying). 

I 

• 



• 
Exposure Point 

Footnotes: 

• 
TABLE 6-19 

SELECTION OF EXPOSURE. PATHWAYS 
SWMU 9 - PESTICIDE CONTROLJR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 4 OF4 

Receptor Population 

t Surface soil is defined as soil collected from 0 to 2 feet befow ground surface (bgs). 
2 Quantitative. 
3 Qualitative. i 

I 

4 Soil Screening Levels (U.S. EPA. May 1996). 

5 Surface/subsurface soil is defined as soil collected from 0 to 10 feet bgs; no exposure to soil at depths below 10 feet bgs is anticipated. 

• 
Rationafe lor Selection or Exclusion 01 Exposure Pathway 
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TABLE 6-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Exposure Point Concentration 

Chemical of Potential Concern Surface Soil(1) 
Surfacel 

Surface Water(2) 
Subsurface Soil(1) 

(mg/kg) (mg/kg) (mglL) 

1,1-DICHLOROETHENE NA(4) NA NA 

CIS-l,2-DICHLOROETHENE NA NA NA 

METHYLENE CHLORIDE 0.0053 0.0038 NA 

TETRACHLOROETHENE NA 0.0018 NA 

TRICHLOROETHENE NA 0.0025 NA 

2-METHYLNAPHTHALENE 1.02 0.038 NA 

BENZO(A)ANTHRACENE 0.15(3) 0.025 NA 

BENZO(A)PYRENE 0.13(3) 0.023 NA 

NAPHTHALENE 0.36 0.025 NA 

DIELDRIN NA NA NA 

AROCLOR-1248 NA NA NA 

AROCLOR-1254 NA 0.039 NA 

PENTACHLOROPHENOL 0.0024 0.00093 NA 

ALUMINUM NA 9650 NA 

ANTIMONY 1.09 0.88 0.0016 

ARSENIC NA NA NA 

BARIUM NA 83.6 NA 

BERYLLIUM NA NA NA 

CHROMIUM NA . 12.7 NA 

IRON NA 20670 NA 

MANGANESE NA NA NA 

NICKEL NA NA NA 

The exposure concentration is the 95% upper confidence limit (UCL) based on distribution of the 
data set (best fit of normal or lognormal), unless otherwise noted. 

2 Because of the limited number of samples (Le., less than 10 samples), the exposure concentration 
is set at the maximum detected concentration. 

3 Maximum detected concentration is used because the UCL exceeeded the maximum. 
4 NA - Not applicable. Chemical is not a chemical of potential concern for this medium. 

Sediment(2) 

(mg/kg) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.38 

NA 

NA 

10800 

NA 

6.1 

NA 

NA 

NA 

18600 

1300 

NA 

• 
Groundwater(1) 

(mglL) 

0.0058 
0.13(3) 

0.0086 

NA 

0.037 

NA 

NA 

NA 

NA 

0.000014 

NA 

NA 

NA 

0.35 

NA 

0.0028 

0.23 

0.0012 

NA • 37.3(3) 

7.92(3) 

0.26 

• 



• 

Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

NA 

6.0E-01 

NA 

NA 

NA 

1.SE-01 

2.BE-03 

NA 

NA 

NA 

NA 

7.SE-01 

• 
TABLE 6-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 9 - PESTICIDE CONTROUS-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Maintenance 
Worker 

NA 

NA 

NA 

2.6E-04 

1.SE-06 

NA 

NA 

NA 

NA 

NA 

NA 

2.6E-04 
--

PAGE 1 OF2 

Occupational 
Worker 

NA 

NA 

NA 

2.7E-03. 

1.SE-OS 

NA 

NA 

NA 

NA 

NA 

NA 

2.7E-03 

Adult 
Recreational User 

NA 

NA 

NA 

S.7E-04 

2.0E-06 

NA 

NA 

1.6E-03 

2.0E-03 

1.6E-02 

1.1E-02 

3.2E-02 

! : I NA 

NA 

NA 

4.6E-04 

3.0E-06 

NA 

NA 

2.7E-04 

6.BE-04 

1.3E-02 

7.7E-04 

1.6E-02 

...... 

-

Future Adult 
Resident 

I '.11.2E+01' 

1.3E+OO 

1.0E-01 

3.BE-03 

1.3E-OS 

NA 

NA 

1.1 E-02 

1.3E-02 

1.1E-01 

3.4E:03 

1.4E+01 

• 
Future Child 

Resident 

4.2E+-01 

3.BE+OO 

4.7E-01 

3.6E-02 

6.1E-OS . 

NA 

NA 

1.0E-02' . 

1.4E-02 

1.0E+OO 

1.6E-02 

4.7E+01 
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INCREMENTAL CANCER RISK 

Exposure Route 
Construction 

Worker 
Ingestion of Groundwater NA 
Dermal Contact with 

S.4E-OS 
Groundwater 

Inhalation of Volatiles from 
NA 

Groundwater While Showering 

Incidental Ingestion of Surface 
NA 

Soil 
Dermal Contact with Surface 

NA 
Soil 
Incidental Ingestion of 

1.1 E-OS 
Surface/Subsurface Soil 
Dermal Contact with 

S.1E-09 
Su'rface/Subsurface Soil 
Incidental Ingestion of Surface 

NA 
Water 
Dermal Contact with Surface 

NA 
Water 
Incidental Ingestion of 

NA 
Sediment 

Dermal Contact with Sediment NA 

Total Risk: 1.0E-07 

NOTES 

TABLE 6-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 9 - PESTICIDE CONTROUS-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maintenance Occupational Adult Adolescent 
Worker Worker Recreational User Trespasser 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

3.6E-OS 3.7E-07 9.2E-OS 2.SE-OS 

3.0E-OS 3.2E-07 4.9E-OS 2.7E-OS 

NA NA NA NA 

NA NA NA NA 

NA NA NA 
.~-

NA 

NA NA NA NA 

NA NA S.6E-07 2.6E-07 

NA NA 3.0E-06 7.6E-OS 

6.6E-08 6.9E-07 4.0E-06 3.9E-07 

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

/ 

• • 

Future Adult Future Child 
Resident Resident 
7.9E-OS 6.9E-OS 

7.1E-06 4.1E-06 

3.4E-06 4.0E-06 

S.OE-07 1.2E-06 

2.6E-07 . 3.0E-07 

NA NA 

NA NA 

NA NA 

NA NA 

4.7E-06 1.1 E-OS 

7.3E-07 8.3E-07 

9.SE-OS 9.0E-OS 

• 



• 

Exposure Route 

HAZARD INDEX --

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 
~---.------- -----

Construction 
Worker 

NA 

3.9E-01 

NA 

NA 

NA 

7.6E-02 

B.OE-04 

NA 

NA 

NA 

NA 

4.7E-01 

• 
TABLE 6-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Maintenance 
Worker 

NA 

NA 

NA 

6.SE-OS 

7.4E-OB 

NA 

NA 

NA 

NA 

NA 

NA 

6.6E-05 

-

PAGE 1 OF 2 

Occupational • Adult 
Worker Recreational User 

NA NA 

NA NA 

NA NA 

1.2E-03 1.4E-04 .. 
1.3E-06 1.2E-07 

NA NA 

NA NA 

NA 4.1E-04 

,. 
NA 4.9E-04 

NA 4.1E-03 

NA 1.1 E-03 

1.2E-03 6.3E-03 

, 
NA 

NA 

1.2E-04 . 

2.4E-07 

NA 

NA 

6.6E-OS 

1.4E-04 

3.3E-03 

6.3E-OS 

3.7E-03 

Future Adult 
Resident 

B.4E+OO 

S.BE-01 

3.7E-02 

1.9E-03 

1.6E-06 

NA 

NA 

3.7E-03 

4.4E-03 

3.7E-02 

2.BE-04 

9.1E+OO 

• 
Future Child 

Resident 

1.9E+01 

1.3E+OO 

1.7E-01 

1.2E-02 

7.1E-06 

NA 

NA 

3.4E-03 

4.0E-03 

3.4E-01 

1.BE-03 

2.0E+01 

1 
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INCREMENTAL CANCER RISK 

Exposure Route 
Construction 

Worker 
Ingestion of Groundwater NA 
Dermal Contact with 

6.0E-08 
Groundwater 

Inhalation of Volatiles from 
NA 

Groundwater While Showering 

Incidental Ingestion of Surface 
NA 

Soil 
Dermal Contact with Surface 

NA 
Soil 
Incidental Ingestion of 

S.3E-09 
Surface/Subsurface Soil 
Dermal Contact with 

1.SE-09 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 

NA 
Water 
Dermal Contact with Surface 

NA 
Water 
Incidental Ingestion of 

NA 
Sediment 

Dermal Contact with Sediment NA 

Total Risk: 6.7E-08 

NOTES 

TABLE 6-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE20F2 

Maintenance Occupational Adult Adolescent 
Worker Worker Recreational User Trespasser 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

3.2E-09 S.8E-08 6.9E-09 6.9E-09 

S.SE-10 1.0E-08 9.0E-10 2.2E-09 

NA NA NA NA 

NA NA NA NA 

NA NA 

NA NA 

NA NA 6.SE-08 6.4E-08 

NA NA 9.0E-08 6.1E-09 

3.7E-09 6.8E-08 1.6E-07 8.0E-08 

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

I 

• • 

Future Adult Future Child 
Resident Resident 
1.6E-OS 1.0E-OS 

1.3E-06 7.SE-07 

3.7E-07 4.9E-07 

7.3E-08 1.3E-07 

9.4E-09 1.2E-08 

NA NA 

NA NA 

4.SE-07 1.2E-06 

1.7E-08 3.2E-08 

1.8E-05 1.3E-05 

• 



• 
Chemical of Concern(1) 

GROUND WATER 
, 

1,1-Dichloroethene 

cis-1,2-Dichloroethene 

Trichloroethene 

Dieldrin 

Arsenic 

Iron 

Manganese 

Nickel 

-- --

.' 
TABLE 6-23 

SUMMARY OF CONCLUSIONS 
SWMU 9 - PESTICIDE CONTROU R-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Impact on Human Receptors Comments 

J 

i , 
I ! 

ResidentiallLCR = 7.SE-S 

Risks from volatile chlorinated organics were based on the hypothetical future I 

Adult resident HQ = 0.49, 
residential use of ground water. Risks from cis-1 ,2-DCE (detected in three of 12 
samples) were based on the maximum detected concentration, and 1,1-DCE was 

Child resident HQ = 1.8 
detected in only one sample and the concentration was less than U.S. EPA and 

I 

IDEM MCLs. 
Adult resident HQ = 0.2, 
Child resident HQ = 0.66, 
ResidentiallLCR = 9.4E-6 

Dieldrin was detected in 1 of 12 unfiltered ground water samples with the maximum 

Residential ILCR = 6.3E-6 
concentration (0.03 ug/L) less than the IDEM default closure level for ground water 
(0.OS3 ug/L). Risks calculated for dieldrin are based on the hypothetical future 
residential use of ground water. 

Risks fo·r arsenic are based on the hypothetical future residential use of ground 
Adult resident HQ = 0.26, water. The maximum concentration in ground water (4.6 ug/L) is less than the 

I Child resident HQ = 0.89, current (SO ug/L) and recently proposed (10 ug/L) MCLs. In addition, the 
ResidentiallLCR = 7.4E-S concentrations of arsenic in ground water samples are similar to the concentrations 

in the uPQradient well. 

Adult resident HQ = 1.7, 
Risks for iron are based on the hypothetical future residential use of ground water. I 

Risks calculated for iron are not based on adverse health effects but rather on 
Child resident HQ = 6.0 

recommended daily allowances. . 
Adult resident HQ = 10, Risks for manganese are based on the hypothetical future residential use of ground 
Child resident HQ = 3S water and assume exposure to the maximum detected concentration. I 

Risks for nickel are based on the hypothetical future residential use of ground 
I Adult resident HQ = 0.36, water. Only the risk for the future child resident slightly exceeds unity. All nickel 

Child resident HQ = 1.3 concentrations in ground water are less than the IDEM closure level for Class I 
'Qround water. I - -- --
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• 

Chemical of Concern(1) 

SEDIMENT 

Arsenic 

Iron 

Manganese 

--- -- -

HQ Hazard Quotient. 

TABLE 6-23 

SUMMARY OF CONCLUSIONS 
SWMU 9 - PESTICIDE CONTROU R-1S0 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

Impact on Human Receptors Comments 

Risks (>1.0E-6) for arsenic in sediment are based on future land use scenarios. 
Although the maximum concentration (6.1 mg/kg) exceeded the concentration in 

Recreational User ILCR = 3.0E-6, the upgradient sample, the concentrations of arsenic in sediment are within 
Child resdient HQ = 0.26, naturally occurring levels in soil at the Base. Risks calculated for residnetial 
Residential ILCR = 1.SE-S receptors are based on very conservative exposure assumptions. Risks from 

exposure to sediment are less than or within the U.S. EPA's target risk range for all 
receptors. 
Risks for exposure to iron in sediment are based on the hypothetical future 

C~ild resident HQ = 0.41 
residential land use and conservative exposure assumptions but do not pose a risk 
under current land use. Risks calculated for iron are not based on adverse health 
effects but rather on recommended daily allowances. 
Risks for exposure to manganese in sediment are based on the hypothetical future 

Child resident HQ = 0.24 residential land use and conservative exposure assumptions but do not pose a risk 

- - -- ---
_ QQC!er currel11§nd use. 

ILCR Incremental lifetime cancer risk 

1 Any carcinogenic chemical with a ILCR of greater than 1.0E-6 or a noncarcinogenic 
chemical contributing to target organ hazard indices (HI) greater than 1.0 . 

• • 



• 
Frequency Minimum 

Chemical of Detection Concentration 
(" (" 

Volatiles (m!lfk!l) 
METHYLENE CHLORIDE 1 5/11 1 0.004 J 
5emi-Volatiles (mglkg) 
2-METHYLNAPHTHALENE 2/11 0.04 
ACENAPHTHENE 1/11 0.02 
ACENAPHTHYLENE 1/11 0.018 
ANTHRACENE 1/11 0.052 
9ENZO(A)ANTHRACENE 4/11 0.018 
9ENZO(A)PYRENE 4/11 0.022 J 
9ENZO(B)FLUORANTHENE 5/11 0.009 
BENZO(G.H.I)PERYLENE 5/11 0.009 
BENZO(K)FLUORANTHENE 4/11 0.018 J 
CHRY5ENE 5/11 0.01 
DI-N-9UTYL PHTHALATE 1/11 1.2 
DIBENZO(A.H)ANTHRACENE 3/11 0.Q1 J 
FLUORANTHENE 5/11 0.008 
FLUORENE 1/11 0.029 
INDENO( 1.2.3-CD)PYRENE 4/11 0.014 J 

2111 0.03 
PHENANTHRENE 4/11 0.013 
PYRENE 5/11 0.013 
Pesticides' (mglkg) - -
4.4'-DDT 1 1/11 1 0.0047 
h"I::a.;[.}~40T .. e.t;lIl •• 1/11 1 0.025 J 
Herbicides (mglkg) 
2,4-D 1/6 1 0.02 J 
DINOSEB 1/9 1 0.014 J 
PENTACHLOROPHENOL 3/9 1 0.0012 J 
Inor!lanics (m!lfk!l) 
!ALUMINUM I 11/11 5040 
'.:.'~ •• I~[. 2111 0.97 
AR5ENIC 11/11 2.9 J 
BARIUM 11/11 49.6 J 
CADMIUM 1/11 0.96 J 
CALCIUM 11/11 843 J 
CHROMIUM 11/11 7.6 J 
C09ALT 11/11 4.8 J 
let.·· . 11/11 7.6 J 
IRON I 11/11 8840 
I.:::r, • 11/11 8.6 J 
MAGNE51UM I 11/11 731 J 
MANGANE5E I 11/11 135 J 
MERCURY 1 5/11 0.04 

• 
TABLE 6-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 9 - PESTICIDE CONTROllR-1S0 TANK AREA 

NSWC CRANE. CRANE. INDIANA 
PAGE 1 OF 2 

Maximum 
Average of Concentration Location of Maximum 

Concentration All Results (IX') 

1 0.006 J 09S9080102.09590901021 0.0032 

1.8 095B090002 0.17 
0.02 ·095B030002 0.0055 

0.018 095B030002 0.0053 
0.052 095B030002 0.0084 
0.15 0959030002 0.032 
0.13 0959030002 0.028 
0.12 09SB030002 0.029 

0.057 0959030002 0.017 
0.11 J 0959030002 0.023 
0.14 0959030002 0.034 

1.2 0959020002 0.30 
0.029 0959030002 0.0078 

0.3 J 0959030002 0.053 
0.029 0959030002 0.00!)3 
0.058 0959030002 0.014 

0.93 0959090002 0.091 
0.63 0959090002 0.093 
0.23 J 0959030002 0.050 

1 0.0047 1 095B090002 0.002 
I 0.025 J 095B090002 0.012 

I 0.02 J I 095B040002 0.005 
1 0.014 J 1 095B080002 0.003 
I 0.0035 I 095B020002 0.001 

12900 095B080002 9085 
3.1 J 095B060002 0.75 
9.6 J 095B090002 6.0 
106 J 095B090002 83.1 

0.96 J 095B 1 00002 0.50 
175000 J 095Bll0002 46305 

13.7 J 095B080002 ·11.1 
23 095B040002 10.5 

20.1 J 0959100002 12.0 
20100 0959080002 15804 

34.9 J 0959100002 18.9 
32500 J 095Bll0002 5569 

1060 J 095B040002 577 
0.06 0959040002.0959090002 0.04 "-

• 
Surface Soil 

Ecological 
Rationale for 

Site Above COPC CO PC Contaminant 
Background Effects 

Screening Level Flag (5' Deletion or 
Concentration? Quotient (') (l) Selection(s) 

- 4.1 1 0.001 1 No 1 B5L 1 

3.2 0.556 No B5L 
682 0.00003 No B5L 
682 0.00003 No B5L 
1480 0.00004 No B5L 
5.2 0.029 No B5L 
1.5 0.086 No B5L 

59.8 0.002 No B5L 
119 0.0005 No B5L <, 

1480 0.0001 No B5L ..:, 

4.7 0.030 No B5L 
0.15 8.01 Yes A5L 
18.4 0.002 No B5L 
122 0.002 No B5L 
122 0.0002 No B5L 
109 0.001 No B5L .. ~~ 
0.10 A5L .~ 

45.7 B5L ~ 
78.5 B5L' '"!' 

~ 

- 1 0.018 1 0.269 1 No 1 B5L I 
.- 1 0.020 A5L 

-- 1 0.027 I 0.734 No 1 B5L 

--- I 0.022 1 0.642 No 1 95L 1 
--- I 0.119 I 0.029 No I B5L I 

NO NA I NA I No I BKG 
YE5 0.142 _ ...... : A5L 
NO 5.7 1.7 No BKG 
NO 1.04 102 No BKG 
NO 0.002 432 No BKG 
YE5 NA NA No NT 
NO 0.4 34.3 No BKG 
NO 0.140 164 No BKG 
YE5 3.0 _ .. : A5L 
NO NA I NA I No BKG 
YE5 0.054 _:101.1 A5L 
YE5 NA I NA I No NT 
NO NA I NA I No 9KG 
NO 

---
0.073----.i.. 0.82 I No 95L. BKG 



Frequency Minimum 
Chemical of Detection Concentration 

(I) (I) 

NICKEL 11/11 9.5 J 
POTASSIUM 6/11 464 J 
VANADIUM 11111 14.5 J 
ZINC 11/11 30.3 J 

TABLE 6-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maximum 
Concentration Location of Maximum Average of 

(lX2) Concentration All Results 

18.3 J 09S91 00002 13.3 
618 J 09S9080002 385 
29.3 J 09S9090002 21.5 
120 J 09S9060002 51.8 

09S9040002 
09S9070002 

Site Above 
Background 

Concentration? 

NO 
NO 
NO 
YES 

Shaded name indicates Ihal constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
The table only includes parameters that were detected in downgradient samples (if applicable). 
Footnotes: 
1 Only the original 01 duplicate sample was used lor COPC selection. The duplicate was used lor quality control purposes only. 
2 The maximum detected concentration was used lor screening purposes. 
3 As presented in Table 3-14. 
4 Refer to Section 3.4 for ecological effects quotient calculation. 

Definitions: 
COPC = Chemical of potential concern. 
NA = Not available . 

• • 

Surface Soil 
Ecological 

COPC COPC 
Effects 

Screening Level 
Quotient (') 

Flag (5) 

(3) 

13.6 1.3 No 
NA NA No 
1.6 18.4 No 
6.6 181 Yes 

5 Rationale Codes: 
For Selection as a COPC: 

ASL = Above CO PC screening level. 
NTX = No toxicity information available. 

For Elimination as a COPC: 
9KG = gelow site background level. 
9SL = gelow COPC screening level. 
NT = Nontoxic. 

Rationale for 
Contaminant 
Deletion or 
Selection(') 

9KG 
NT,9KG 

9KG 
ASL 

• 



• 
Chemical 

Minimum 
Frequency 

of 
Dectection I Concentration 

(1) (1) 

• 
TABLE 6-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Maximum 
Concentration 

(lX2) 

Location of Maximum 
Concentration 

Average of I Upgradient Sample 
All Results Concentration(3) 

Sediment 
CO PC 

Screening 
Level (4) 

Ecological 
Effects 

Quotient (S) 

• 
Rationale for 

COPC I Contaminant 
Flag (6) Delelion or 

Selection(S) 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
The table only includes paramters that were detected in downgradient samples (if applicable). 
Footnotes: 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used for quality control purposes only. 
2 The maximum detected concentration was used for screening purposes. 
3 Location of upgradient sample was 09S0010006 
4 As presented in Table 3-14. 
5 Refer to Section 3.4 for ecological effects quotient calculation. 

Definitions: 
CO PC = Chemical of potential concern. 
NA = Not available. 

Associated Samples 
09S0010006 
09S0020006 
09S0030006 
09S0040006 
09S0050006 

6 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX = No toxicity information available. 

For Elimination as a COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level. 
NT = Nontoxic. 

., 

. .;.~ 

;~ 



• 

Chemical 

_I 
Inorganics hJg/L) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CALCIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 
VANADIUM 
ZINC 

COBALT 
COPPER 
IRON 
LEAD 

TABLE 6-26 

ECOLOGICAL RISK SCREENING - SURFACE WATER 
SWMU 9 - PESTICIDE CONTROLJR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Frequency 011 Minimu~ I Maximu~ I Location 01 Average 01 
Upgradient 

I . II) Concentration Concentration Maximum Sample 
Detectoon (1) 11K') Concentration All Results 

Concentration':) 

1/4 I 0.16 I 0.16 I 09SW0201 I 0.075 I 0.060 U 

2/4 220 J 245 J 09SW0201 166 5990 J 
1/4 1.6 1.6 09SW0501 0.76 1.0 U 
4/4 0.41 J 1.9 J 09SW0501 0.69 4.6 J 
4/4 37.3 72.5 09SW0501 53 173 
4/4 17600 57300 09SW0501 41625 34600 
114 5.5 5.5 09SW0501 2.5 9.6 
1/4 12.4 12.4 09SW0501 3.9 16.5 
4/4 266 J 1630 J 09SW0501 751 6390 J 
1/4 3.6 3.6 09SW0501 1.3 21.9 
4/4 5960 J 15000 J 09SW0201 9315 15400 J 
4/4 57.6 563 09SW0201 269 637 
1/4 5310 J 5310 J 09SW0501 3203 5000 U 
4/4 12600 175000 09SW0501 60625 36000 
1/4 3.1 3.1 09SW0501 1.5 14.3 
1/4 11.9 11.9 09SW0501 6.7 50.4 

Surface 
Water 
COPC 

Screening 
Level(') 

I NA 

NA 
31 
53 

5000 
NA 
5 
5 

NA 
1 

NA 
NA 
NA 
NA 
19 

56.9 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration{s) exceeds this particular criterion. 
The table only includes parameters that were detected in downgradient samples (il applicable). 
Footnotes: 
1 Only the original 01 duplicate sample was used lor COPC selection. The duplicate was used lor quality control purposes only. 
2 The maximum detected concentration was used lor screening purposes. 
3 Location 01 upgradient sample was 09SW0101 
4 As presented in Table 3·15. 
5 Reier to Section 3.4 lor ecological eltects quotient calculation. 

Delinitions: 
COPC = Chemical 01 potential concern. 
NA = Not available . 

• 

I 

Rationale lor 
Ecological 

COPC Contaminant 
Effects 

Quotient (5) 
Flag (6) Deletion or 

Selectionl.) 

NA _I- NTX 

NA No BKG 
0.05 No BSL 
0.04 No BSL, BKG 
0.01 No BSL, BKG 
NA No NT 
1.1 No BKG 
2.5 No BKG 
NA No BKG 
2.6 No BKG 
NA No NT, BKG 
NA No NTX, BKG 
NA No NT 
NA No NT 

0.16 No BSL. BKG 
0.20 No BSL, BKG 

6 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX = No toxicity inlormation available. 

For Elimination as a COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level. 
NT = Nontoxic. 

• 
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• 
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CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING . 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWCCRANE 
CRANE, INDIANA 

Media· 
Parameters 

. Surface Water Sediment Surface Soil 
PCBs 

IArbclor-1248 1 .1 X 1 
Pesticides 

1 Methoxychlor 1 1 X 
Herbicides 

X 
norganlcs 

Arsenic .... X 
Copper X· X X 
Lead X X 
Zinc X 

'. 
COPCs retained in surface water and sediment were used to evaluate .. . 
potential risk to piscivorous receptors. 

COPCs retained in surface soil were used to evaluate potential risk to 
terrestrial wildlife. / 

1 

1 



• 

• 

.' 

TABLE 6-28 

STEP 3A EVALUATION FOR RISKS TO P~ANTS AND INV.ERTEBRATES 
SURFACE SOIL COPCs 

Maximum Number of 
Frequency 

Detected 
Screening Maximum Samples> Chemical of Potential 

Level of 
Concentration EEO(1) Screening Concern (COPC) 

(mglkg) Detection 
. (mglkg) Level(2) 

Semi-Volatiles 
Di~N-Butyl Phthalate 1/11 1.2 0.15 8.01 1 

Naphthalene 2/11 0.93 0.10 9.36 1 

Pesticides 
Methoxychlor 1111 0.025 0.020 1.26 1 

Inorganics . 
Antimony 2111 3.1 0.142 21.8 2 .. 

Copper 11/11 20.1 2.96 6.8 11 . 

Lead 11/11 34.9 0.054 650 11 

Zinc . 11/11 120 6.62 18.1 11 

Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level. 
3 ORNL benchmarks were used only in the absence of the Eco~SSL and Canadian SdG. 
4 See Section 6.7.6.1.1 for a more detailed Step 3a evaluation. 

EEQ = Ecological EHects Quotient 
NA = Not Available or Not Applicable 
SQG = Soil Quality Guideline 
Eco-SSL = US EPA Ecological Soil Screening Level 
ORNL = Oak Ridge National Laboratory 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWC CRANE 

CRANE, INDIANA 

Step 3a Evaluation 
Alternate Benchmarks 

ORNL Benchmarks(3) EcO-SSL Canadian I Earthworm. Plant I Earthworm SOG(3) Plant 

NA NA NA 200 NA 

NA NA 0.6 NA NA 

) 

NA NA NA NA NA 

NA 78 NA 5 NA 

NA NA 63 100 60 

115 1,700 NA NA NA 

NA NA 200 NA NA 

. d· E I r (4) Other Step 3a Factors Consldere In va ua Ion 

-Maximum concentration less than ORNL plant benchmark. 
-Maximum concentration less than earthworm values 
reported for dimethylphthalate (200 mglkg). 
-Only detected in one sample at site; contarrination is not 
widespread across SWMU 9; contamination limited to small 
area. 
-Location of maximum detection is covered by gravel so 
there is no habitat for earthw'orms or plants at this location. 
-Only maximum concentration is greater than SQG; 
maximum does not exceed study LOEC of 3 mg/kg. 
-Naphthalene not detected in samples nearest maximum 
concentration; maximum is likely isolated. . 
-Location of maximum detection is mowed grass and not 
high quality ecological habitat. 

~Only detected in one sample at site; contamination is not 
widespread across SWMU 9; contamination limited to small 
area. 
-Location of maximum detection is mowed grass and not 
high quality ecological habitat. 

-Maximum concentration less than alternate benchmarks 
for plants and invertebrates. 
-Maximum concentration less than Canadian SQG. 
-Concentrations (7.6 to .20.1 mg/kg) are similar to 
background soildata range (5.4 to 17.1 mg/kg). 
~Maximum concentration less than Eco-SSLs. 
-Concentrations (8.6 to 34.9 mgikg) are similar to 
background soil data range (9.4 to 21.5 mg/kg). 
-Maximum concentration less than Canadia·n"SQG. 

I 
·'1 

Risk 
Determination Retained 
(Acceptable! as a 

Unacceptable) 'COPC? j 

. Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 

'. 
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Maximum 
Chemical of . Frequency 

Detected 
. Region V 

Maximum 
of EDQLs Potential 

Concern (COPC) Detection 
Concentration 

(mglkg) 
(mglkg) 

PCB PCBs 
Aroclor-1248 1/4 0.38 0.034 

Inor~anics 
Aluminum 4/4 10,800 . NA 
Antimony 1/4 1.3 NA 
Arsenic' 4/4 6.1 5.9 
Barium' 

.. ' 

4/4 103 NA 

Copper 4/4 27.7 16 
Iron 4/4 '18,600 NA 
Manganese 4/4 1,300 NA 

Vanadium 4/4 21.2 NA 

Footnotes: 
1 - Maximum EEQ = Maximum detection divided by the screening level' 
2 - Number of sample.s with concentrations greater than the screening level 
3 - See section 6.7.6.1.2 for a more detailed Step 3a evaluation 

EEQ - Ecological Effects Quotient 
NA - Not avgilable or not applicable 
COPC = Chemical of Potential Concern 
AET = Apparent Effects Threshold 
ER-L = Effects Range-Low 
LEL =. Lowest Effects Level 
PEC = Probable Effects Concentration 
TEC = Threshold Effects Concentration 
TEL = Threshold Effects Level 
SEL = Severe Effects Level 

EEQ(1) 

11.1 

NA 
NA 

1.03 
NA 

1.73 
NA 
NA 

NA 

Number of 
Samples> 
Screening 

Level(2) 

1 

NA 
NA 

. 1 
.NA 

1 
NA 
NA 

NA 

TABLE 6-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT ·COPCs. . 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWC CRANE' 

CRANE, INDIANA 

Step 3a Evaluation 

Alternate Benchmarks. 
consensus-I 
basedTEC TEL 

I I Canadian I 
ER-L LEL AET Other Step 3a Factors Considered in Evaluation(3) 

0.0598 NA NA NA NA -Maximum concentration exceeds TEC but is less 
than the PEC (0.676 mg/kg). 
-Only detected in one sample at site; contamination is not 
widespread across SWMU 9; contamination limited to small 
area, which is supported by the fact that Aroclor-1248 was not 

. detected in surface soil. 
-Marginal (if any) aquatic habitat at location of maximum detection. 

NA 25,500 NA NA NA -Maximum concentration is less than the TEL. 
NA NA 2 NA NA -Maximum concentration is less than the ER-L. 

9.79 NA NA . NA NA -Maximum concentration is less than. the TEC. 
NA NA NA NA 48 -Maximum concentration is greater than the AET; however 

upgradient sediment concentr~tion is. also greater than AET 
-Marginal (if any) aquatic habitat at location of maximum detection. 
-Site sediment concentrations (39.3 to 103 mg/kg) are within the 
soil background range (24.8 to 155 mg/kg) . 

31.6 NA NA NA NA -Maximum concentration is less than the TEC. 
NA NA NA 20,000 NA -Maximum concentration is less than the LEL. 
NA NA NA 460 NA -Two greatest detections exceed the LEL and SEL (1,100 mg/kg); 

other two detections are less than the LEL. 
-Site sediment concentrations (86.8 to 1,300 mg/kg) are within the 
soil background range (23.2 to 3,040 mg/kg). 
-Marginal (if any) aquatic habitat at location of maximum detection. 

NA NA NA NA 57 -Maximum concentration is less than the AET. 
-Most detected concentrations were less than the upgradient 
sediment location and maximum site concentration was only slightly 
greater than the upgradient concentration (15.2 mg/kg). 
-Site sediment concentrations (12.2 to 21.2 mg/kg) .are within the 
soil background range (14.1 to 48.5 mg/kg). 

\~ 

Risk , 

Determination 
Retained 

asa 
(AcceptableJ COPC? 

Unacceptable) 

Acceptable No 

Acceptable No 
Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 
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Maximum 
Chemical of . Frequency 

Detected 
Screening 

Potential Concern· of 
Concentration 

Level 
(COPC) Detection (uglL) 

(ugIL) 

Herbicides 

. TABLE 6-30 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS 
SURFACE WATER COPCs 

Maximum 
EEQ(t) 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWCCRANE 

CRANE, INDIANA 

Number of Step 3a Evaluation . 
Samples> 
Screening AWQC ORNL. 

-

Level(2) ,Chronic ESL 'Aquatic Other Step 3a Factors Considered in Evaluation(3) 

Risk 
Retained 

Determination 
(Acceptablel 

asa 

COPC? I Unacceptable) 

12,4-0 1/4 . I 0.18 r- NA . I NA NA NA 220 NA I-Maximum concentration is less than new ESL. . Acceptable No 
Filtered I 

----~------

Cobalt 1/4 5.1 5 
Copper 1/4 7.4 5 
Iron 3/4 1,460 NA 

Lead 1/4 2.3 1 
Manganese 4/4 .. 532 NA 

.. -

Footnotes: 
1 - Maximum EEQ = Maximum detection divided by the screening level. 
2 - Number of samples with concentrations.greater than the screening level. 
3 - See section 6;7.6.1.3 for a more detailed Step 3a evaluation. 

1.02 
1.48 
NA 

1.77 
NA 

4 - Calculated using hardness concentration of 180 mglL in sample 09SW0501-F. 

EEQ - Ecological Effects Quotient 
NA - Not available or not applicable 
AWQC = Ambient Water Quality Criteria 
EDQL = Environmental Data Quality Level 
LCV = Lowest Chronic Value 
ORNL = Oak Ridge National Laboratory 

5 NA 24 NA -Maximum concentration is less than new ESL. . Acceptable . No 
5 14.8(4) NA NA -Maximum concentration is less than AWQC. Acceptable No 

NA 1,000 NA NA . -Only maximum concentration is greater than AWQC Acceptable No 
-Poor aquatic habitat at location of maximum concentration. 

1 4.7(4) NA NA ~Maximum concentration is less than AWQC. Acceptable No 
NA NA NA 120 -Maximum concentration is greater than the ORNL aquatic Acceptable No 

value but is less than the tolerance value range (1.5 to 1,000 
mg/kg) reported in the GoldBook. 
-Poor aquatic habitat at location of maximum concentration . 

DECEMBER 2004 
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Meadow 
Vole 

Parameter EEQNOAEL 
Pesticides 

•• 
TABLE 6-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
SWMU 9.;, PESTICIDE CONTROUR-150 TANK AREA 

INSECTIVOROUS/HERBIVOROUS RECEPTORS 
. NSWC CRANE, INDIANA 

Meadow Short-Tailed Short-Tailed Ar(lerican 
Vole Shrew Shrew Robin 

EEQLOAEL EEQNOAEL EEQLOAEL EEQNOAEL 

• 
. American N. Bobwhite N. Bobwhite 

Robin Quail Quail 

EEQLOAEL EEQNOAEL EEQLOAEL 

I Methoxychlor B.SE-OB 3AE-OB . 2.2E-04-- T 1TE-04 -r =:J ul __ ·~_ r-- J 
Innr(Jani~J'; 

Notes: 
- Blank spaces indicate that an EEQ could not be calculated because a NOAEL or LOAEL was not available 
- Cells are shaded if the EEQ is greater than 1.0 

EEQ - Ecological Efects Quotient 
NOAEL - No Observed Adverse Effects Concentration 
LOAEL ~ LowestObsel"'ied Adverse Effects Concentration 



" TABLES-32 

TERRESTRIAL WILDLIFE MODEL - AVERAGE EEOS' 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

INSECTIVOROUS/HERBIVOROUS RECEPTORS 
NSWC CRANE,INDIANA 

" Parameter 

Notes: 

American 
Robin 

EEONoAEL 

3.0E+OO 
2.7E+OO 

American 
Robin 

EEOLoAEL 

3.0E-01 
" 2.9E-01 

" " - Cells are shaded if the EEQ is greater than 1.0 
- Blank spaces indicate that an EEQ could not 

be" calculated because a NOAEL or LOAEL .was not 
available. 

- This table only presents the EEQs for contaminants 
that had EEQs greater than 1.0 using the maximum 
input parameters, and were detected above 
background concentrations. 
EEQ - Ecological EffeCts Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Leitel 

• 

• 
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TABLE 6-33 

TERRESTRIAL WILDLIFE MODEL NOAEL'AND LOAEL EEQS-MAXIMUM CONCENTRATIONS 

Parameter 
PCBs 

, SWMU 9 - PESTICIDE CONTROI,IR-150 TANK AREA 
PISCIVOROUS RECEPTORS 

NSWC CRANE, INDIANA 

Raccoon 
LoAEL 

Belted Kingfisher 
'NOAEL ' 

Belted Kingfisher 
LOAEL ' 

~ 1.9E+02 1.9E+01 1.1E+01 1.1E+00 
, Herbicides 

1.3E+02 2.5E+01 ______ ~--~~--~----~I , 12,4-0 
Inorganics 
ARSENIC 4.8E+03 4.8E+02 7.7E-02 ' 2.6E-02 
COPPER 7.1 E+OO 5.5E+00 1.8E-02 1.4E.02 
LEAD 2.4E+01 2.4E+00 6.2E-01 6.2E-02 

Notes: 
- Cells are shaded ifthe EEQ is greater than 1.0 
- Blank spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was ncit available 

, - This table orily presents the EEQs lor contaminants that had EEQs greater than 1.0 using the maximum inpl 
parameters, and were detected above, background concentrations, ' 

EEQ - Ecological Elects Quotient " 
NOAEL - No Observed Adverse Effects Level 
LOAEL -Lowest Observed Adverse Effects Level 



TABLE 6-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU.9 - PESTICIDE CONTROUR-150 TANK AREA 

Parameter 
Pesticides 

IAROCLOR-1248 
Herbicides 

12,4-0 
Inorganics 
ARSENIC 
COPPER 
LEAD 

Notes: 

PISCIVOROUS RECEPTORS 

Raccoon 
NOAEL 

NSWC CRANE, INDIANA· 

Raccoon 
LOAEL 

Belted Kingfisher 
NOAEL 

2.BE+Ol 2.BE+OO 2.6E+OO 

1.2E-04 2.4E-05 . 

1.6E+03 1.6E+02 4.3E-02 
1.BE+OO l.4E+OO 7.SE-03 
7.0E+OO ~ 3.0E-Ol 

- Cells are shaded if the EEQ is greater than 1.0' 

Belted Kingfisher 
LOAEL 

2.6E-01 

1.4E-02 
·5.7E-03 

3.0E;02 

- Blank spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was not available 
- This table only presents the EEQs for contaminants that had EEQs greater than 1.0 using the maximum input 

parameters, and were detected above background concentrations 
EEQ - Ecological Effects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL.- Lowest Observed Adverse Effects Level 

• 

• 
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Maximum 

Chemical of Potential 
Frequency Detected 

Average 
of Concentration 

Concentration 
Concern (COPC) Detection(l) (mglkg)(l) 

(mglkg)(l) 

---- ------

Insectivorous/Herbivorous Wildlife 
Methoxychlor 1/11 0.025 0.012 
Copper 11/11 20.1 12 
Lead 11/11 34.9 ~ 18.9 
Zinc 11/11 120 51.8 

. 

Piscivorous Wildlife 
2,4-0(3) 1/4 0.18 0.075 
Aroclor-1248 1/4 0.38 0.11 

Arsenic 4/4 6.1 4.2 

Gopper 4/4 27.7 14 

Lead 4/4 22.7 13.5 

----

Footnotes: 

TABLE 6-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWCCRANE 
CRANE, INDIANA 

EEQs Using Average 

Exposure Values 

NOAEL LOAEL 

EEO> I Species 
EEO> I Species 

Basis of Wildlife 
1.0 1.0 Toxicity Reference Value 

None . NA None NA NA 
None NA None NA NA 
3.0 Robin None NA Reproduction not impaired at 10 mg/kg (NOAEL). 
2.7 Robin None NA Egg hatchability <20% of controls (LOAEL). 

None NA None NA NA 
28 Raccoon 2.8 Raccoon Pregnancy and live birth rates were reduced by 2.5 

mglkg in rhesus monkey; TRVs adjusted for raccoon 
body weight difference. 

1,600 Raccoon 160 Raccoon Declining litter sizes over multiple mice generations 
(LOAEL); TRVs adjusted for raccoon body weight 

difference. 
1.8 Raccoon 1.4 Raccoon Kit survivorship in mink was not affected at 25 mglkg 

(NOAEL); TRVs adjusted for raccoon body weight 
difference. 

7.0 Raccoon None NA Number of pregnancies, live births, and other 
reproductive indices in rats were not affected at 100 

mglkg; TRVs adjusted for raccoon body weight difference. 

1 - These columns present the Frequency of Detection and concentrations for soil (for insectivorous/herbivorous wildlife) or sediment (for piscivorous wildlife). 
2 - See Section 6.7.6.2 for a more detailed Step 3a evaluation. 

·3 - 2,4-0 was detected in surface water only. 

EEQ - Ecological Effects Quotient 
NA - Not available or not applicable 
NOAEL = No Observed Adverse Effect Level 
LOAEL = Lowest Observed Adverse Effe~t Level 

Risk 
Determination Retained as 
(Acceptablel . aCOPC? 

I Unacceptable) I 
Other Step 3a Factors Considered in Evaluation(2) 

NA Acceptable No 
NA Acceptable . No 

-LOAEL EEQ was less than 1.0 after refinement. Acceptable No . 
-LOAEL EEQ was less than 1.0 after refinement. Acceptable No 

NA- Acceptable No 
-Poor aquatic habitat; very unlikely thaUaccoons Acceptable No 
will obtain significant amount of food from SWMU 9 
because the home range of the raccoon is large 
(greater than 250 acres). Acceptable No 
-Detected concentrations (of arsenic) are within 
background data set; only copper and lead were greater 
than. the background concentrations. Acceptable No 
-The LOAEL EEQ is only slightl~ greater than 1.0 
for copper and less than 1.0 for lead after the 
refinement. .-. Acceptable No 
-There are no sediment to fish BASFs, so a BAF of 1.0 was. 

I used. A BAF of 1.0 is conservative because it assumes 
tissue concentrations are equal to sediment 
concentrations. 

I -Body weight scaling may be overly conservative. 
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P IGISINSWC_CRANEICT0-10_SWMU09_01 APRISAMPLE LOCATION LAYOUT 5121102 KMP 

s MOnitoring Well 

Ell Abandoned MOnitoring Well 

• Bonng 

A Surface Water 
Sediment Location 

CJ SWMU 
(ApprOXimate Boundary) 

c::J BUilding 

• Manhole 

• Utility Pole 
0 Catch Basin 

0 Tree 

/V Forest Boundary 

..>.l<. Wetlands 

/V Stream 

/'/ Intennlttent Stream 

/V Railroad 

/V Road 

v Topographic Contour 

DRAWN BY DAlE 

K PElLA 5121102 

CHECKED BY DAlE 

COSTfSCHEDI.A.E-AR£J. 

SCALE 

AS NOTED 

Alluvium [ . 

Loes~Glacial OutNash [ I : I 
Residual Soli derived from [ 
Pennsylvanian bedrockIcolluvlum 

Residual soli derived from 
Mississippian bedrock/colluvium 

N 

Alluvium 

Raccoon CTeek Group and und_lI.ted 

Sands __ horizon of '--Pennsylvonl." 

c;,."" o..n La, Honlinsburg FIn, Honey La, Indi." 
SprIngs ~"lIIbr, and undtfrertnllolwd 

Sandstone member of the Big Clifly Fm 

S_CTeekLs 

EIwren Fm, _.viNe La, upper Sample FIn, __ OIWd 
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This section describes' the SWMU 10 (Rockeye) site investigation, physical characterization, nature and 

.. extent of contamination, human and ecological risk assessments, and conclusions. References are 
. . 

provided to other sections of .. the RFI report for relevant b~ckground information and general data 

evaluation procedures. 

7.1 BACKGROUND 

Section 1.4.4 contains a description of Rockeye. Section 1.5.4 contains a discussion of historical data 

collection activities. Section 1.6.3 summarizes information on constituents found in environmental media 

that may be attributable to historical operations at SWMU 10. These constituents of concern were used 

as the basis for the SWMU 10 site investigation described in this section. 

7.2 SITE INVESTIGATION 

The primary objective of the field investigation was to collect field and laboratory data needed to evaluate 

the potehti~1 risks for human and ecological receptors. Figure 7-1 includes the sample locations. Table 

7-1 summarizes the sampling and analysis for SWMU 10, Rockeye; 

As depicted,on Table 7-1, environmental samples collected from the site were analyzed for a various field 

and laboratory parameters. Field parameters were' collected for ground water and surface water 
. . 

samples. Typical water-quality indicator parameters, such as turbidity, pH, dissolved oxygen, specific 

conductance, oxidation reduction potential, and temperature, were colle.cted for these samples. Soil 

samples collected at the site were screened for VOGs using monitoring equipment (PID) and visually 

observed for signs of staining or saturation . 

. AIL soil, sediment,ground water, . and surface water samples collected at Rockeye were analyzed for 

explosives, TAL metals plus tin, and cyanide. Selected ground water samples were analyzed for 

Appendix IX VOAs and SVOAs. Filtered surface water samples were analyzed only for dissolved metals. 

Surface water samples also were also analyzed for, hardness,. and TSS, and sediment samples were 
. . 

analyzed 'for TOG to assist in assessing the potential risks for ecological receptors. Additionally, soil 

. characteristic parameters (GEG, pH, and -rOC) were collected to determine the likelihood of the potential 

fate and transport of contaminants at the site (and the potential for risks outside the site boundaries). 
. . 

Low flow sampling techniques were used to collect grou~d water samples to minimize turbidity to less 

than 10 NTU .. A filtered sample was collected at one·location. The turbidity was greater than 10 NTU. 
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As noted pr~viously, Figure 7-1 illustrates·'the sampling locations for the field investigation at Rockeye. 

The rationale for the collection of these samples is as follows: 

• Surface/subsurface soils (20 samples): To assess the potential risks associated with residual soil 

contamination at SWMU 10, 10 soil borings were installed at the site. Eight of the soil borings 

(10SB01 through 10SB08) focused on the sumps and discharge areas around the five main buildings 

of the facility. One boring (10SB09) was placed to evaluate soil conditions in an area where "pink 

water" discharges pooled. A boring (10SB10) was placed near Building 2726C because it is 

historically documented that a chlorination tank for the now incapacitated sewage treatment plant was 

present in this area. One surface and one subsurface sample (for a total of 20) were collected from 

each soil boring. Surface soil samples were collected from a depth of 0 to 2 feet bgs. Subsurface 

intervals (2 to 10 feet bgs) were screened and selected based on the presence ·of organic 

contamination (highest PID readings), staining, or saturation. Random subsurface intervals were 

selected if screening indicators were absent. . One soil sample collected at 10SB03 was analyzed· for 

SVOCs. All soil samples were analyzed for inorganics and explosives. 

Ground water (20 samples): Twenty ground water samples were collected from existing single or 

cluster wells at the site to assess the potential risks associated with the migration of soil constituents 

to ground water. No new monitoring wells were installed during this field effort. The list of monitoring 

wells sampled are included on Table 7-1. Ground water samples from four wells (10-03, 10C52, 

1 OC41, 1 OC41 P3) were collected to evaluate water quality upgradient of Rockeye. These four wells 

were analyzed for VOCs, SVOCs, inorganics, and explosives. "Ultimately, ground water elevations 

would show that only well 10C52 was a suitable upgradient well; and only for the Lower 

Pennsylvanian aquifer. No suitable upgradient samples were collected for other water bearing units.'~ 

Two cohorts (10C31 and 1 OC31 P3) of one well cluster characterize ground water affected by the 

central active area of the production facility between Buildings 2734 and 2731. These two wells were 

also analyzed for VOCs, SVOCs, inorganic;s, and explosives. During the RFI studies, wells 10-17 

and 10C55, which are downgradient of the active area of the site, consistently showed the highest 

concentrations of explosives. Impacts· to ground water north (downgradient) of the site were 

determined by sampling monitoring wells 10C33, 10C33P2, 10C55, 10C55P2, 10-17, and 10C57. Of 

these wells, only 10C55 and 10C55P2 were analyzed for VOCs and SVOCs. All six downgradient 

wells were analyzed for inorganics and explosives.· The connection of ground water and surface· 

water at Sulphur Creek was evaluated by measuring the quality of ground water in well 10-02, which 

is located approximately 1,500 feet east of the site. Samples were collected from wells 10C35 and 

10C35P2 to evaluate the ground water migration northwest of Rockeye. Two cohorts (10C37 and 

110110/P 7-2 CTO 0010 
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10C37P3) of one well cluster were sampled to assess ground water migration west of the site. One. 

monitoring well, 10-16, was used to assess ground water quality east of the site. Ground water wells 

used to measure round water quality or migration were analyzed for inorganics and explosives. Two 

wells (10C26 and 10C26P3) located in the south-centrai area·of th~ site near Building 2726C were 

sampled. The samples were analyzed for only VOCs and SVOCs to determine the impact on surface 

water quality from an historical solvent tank. 

• Surface Water and Sediment (12 samples): To determine the potential risks associated with migration· 

(ground water discharge and surface runoff) of ground water and soil chemicals to surface water and 

sediment, collocated .surface water and sediment samples were collected from 12 off-site locations. 

Prior to 1978, explosive-contaminated wastewater collected in· sumps on the northern side . of· 

Buildings 2734 and 2731 and was released to several d·rainageways that lead to various tributaries 

andlor creeks. Samples from six stations. (1 OSW IS001, 1 OSW IS002,. 10SW/S003, 1 OSW ISD04, 

1 OSW IS005, 1 OSW IS006) were used to evaluate contributions of affected runoff from the northern 

and' eastern drainageways, which lead to a tributary of Sulphur Creek. 10SW/S008 assessed 

impacts of runoff northwest of the site. Westot th~ site, runoff from the Area A drainageway, which 

leads to a tributary of Furst Creek, was assessed by the collection of samples at two stations 

(10SW/S001rand 1OSW/S01O). Contributions from the southern side of the facility to Turkey Creek. 

was determined by collecting· samples at two stations (10SW/S011 and 10SW/S012) near 

drainageways. Samples from 1 OSW IS007 were used to evaluate contributions. of pink water 

discharg·e that pooled . 

. Section 2 contains details on field sampling procedures. 

The data colleCted during the field irwestigation were used to assess potential risks for human and 

:ecological receptors exposed to site media under current andlor future land use. A description of how the 

data obtained during the proposed field investigation were managed prior to use in the risk assessment is 

presented in Section 3.0. General methodologies and techniques used to calculate potential risks fo~the 
. . 

site are provided in Sections 3.3 for human health and 3;4 for ecological risk. 

7.3 PHYSICAL CHARACTERISTICS 

Rockeye is 10 acres in size and is locat~d on a· flattened ridge crest that separates Sulphur Creek and 

Boggs Creek in· the north central portion of the Base. The SWMU is located on Highway 45, 

approximately 2· miles south of North Gate No.1. The site map for SWMU 10, Rockeye is presented as 

Figure 7-1. 
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7.3.1 Topography/Hydrology 

Rockeye is located on a topographic ridge with ground surface elevations at approximately 815 feet. The 

SWMU rests on a major north-south drainage divide~ Drainage northeast of the divide ultimately flows 

toward Sulphur Creek and drainage southwest of the divide flows toward Turkey Creek. The ground 

surface elevation in the study area ranges from a low of 570 feet in the valley of Sulphur Creek located 

east of the SWMU to 860 feet along the topographic divide immediately south of the SWMU. 

Several manmade drainage ditches are evident that convey stormwater away from the SWMU. These 

ditches typically ru·n along the SWMU access roads, trending in a northwest-southeast pattern; and route 

surface water through culverts until exiting the SWMU. Flow .in the ditches follows the regional surface 

water divide patterns as dictated by topography, and ultimately lead· to streams that· discharge into either 

Sulphur Creek or Turkey Creek. 

7.3.2 Geology 

An extensive geologic and hydrogeologic investigation of Rockeye was performed by the U.S. Army • 

Corps of Engineers (U.S. ACE) and is detailed in a report titled "RCRA Faciiity Investigation, Phase III 
. . . 

Ground Water Release Characterization, SWMU 10/15 Rockeye Facility, Naval Surface Warfare Center 

Crane, Indiana; 1998 (U.S. ACE, August 1998). That investigation included the drilling and installation of . 

over 100 monitoring wells in multiple geologic and hydrogeologic units of interest. No monitoring wells 

, were installed during the TtNUS investigation performed in 2001. A summary of the findings of the U.S. 

ACE investigation that focuses on those issues that are critical to this RFI is included in the remainder of 

this section. Figures contained in the U.S. ACE report have been reprinted in this document to support 

the discussion. 

The U.S. ACE subsurface investigation focused primarily on the upper 150 feet of material b.eneath the 
. . 

SWMU, which included those units most likely.to become impacted by SWMU activities. The majority of 

wells installed at this SWMU (all wells except five, see Figure 7-1 and Table2-4) were installed above a 

continuous shale (defined as the basal shale) that was encountE1red in the Pennsylvanian bedrock at an 

approximate elevation of 725 amsl (see Figure 7~2). Five borings investigated the Mississippian bedrock . . 

below the Pennsylvanian basal shale. 

The U.S. ACE investigation included the installation of wells in clusters and at solitary locations, and up to 

three hydrogeologic zones of interest were defined and investigated above the basal shale. Those units 
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were named' the upper, middle, and lower aquifers; and were generally grouped based on. having 

relatively similar well screen elevations and potentiometric surface elevations. 

Rockeye is located on a high point overlying Pennsylvanian rocks that were modified by the cut and fill 

process for construction, of the facility. Farther east, the area is dissected by Sulphur Creek, exposing 

Mississippian rocks in the' stream valley. The subsurface materials encountered beneath Rockeye 

include fill, natural unconsolidated materials derived from 'the Pennsylvanian rocks, the Pennsylvanian 

bedrock, and Mississippian bedrock. A generalized hydrogeologic cross section is included in Figure 7-2 

and more detailed cross sections are included in Appendix A.4.2. 

Fill"' material exists in lowland areas, that were regraded with surrou~ding natural. ,The fill exists 

predominantly in the eastern portion of the, SWMU and is up to 13 feet thick (see cross section, D-D' in 
, , 

Appendix A4.2). The fill consists predominantly of silty ~Iay. The fill directly overlies' the mitural 

unconsolidated materials in all areas, except in the vicinity of boring 10C26; where the fill directly overlies 

the bedrock. 

'. - . 

Natural unconsolidated materials underlie the fill where present or are present at the g~ound surface in 

other areas. The natural unconsolidated materials, which consist of residual. soils derived from the 
, , 

Pennsylvanian, are generally 10 feet thick and consist predominantly of clay. Residual soils derived from 

the MissisSippian have also been mapped along the valley sides of Sulphur ~reek, located east of the 

SWMU. 

. . .' . 
The bedrock units beneath Rockeye consist of the Pennsylvanian units and the underlying Mississippian 

units. The Pennsylvanian consists of alternating units of shale, sandstone, siltstone, and coal. The 

materials comprising the Pennsylvanian were found to be thin and laterally discontinuous, based on 

depositional environment; which prompted extensive mapping by the U.S. ACE, Ten depositional facies 

(defined as thin, laterally"discontinuous units) were identified, mapped, and detailed in the U.S. ACE 

report. 

Several of the sandstone facies mapped and identified by the U.S. ACE (massive, cross bedded, and 

ripple bedded sandstone facies) were found to dominate three identified channel sandstones. TheSe 

channel sandstones were identified as sandstones A; B, and C (see Figure 7~3 for ISOPCiCh maps and 

Appendix A.4.2 for additional cross sections), and are labeled in order from the deepest "A" and, therefore 

oldest; to the shallowest "C" and youngest. These sandstones were' identified as potentially excellent 

, aquifer material. Sandstone "A" occupies the eastern two-thirds of the SWMU, sandstone "B" occupies 
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the north-central two-thirds of the SWMU, and sandstone "C" occupies the southeast corner of the 

SWMU. 

An intermediate shale facies unit exists between the sandstone "A" and the overlying sandstone "B" and 

"e" units. The surface of the shale has been mapped and is shown on Figure 7-4. Of particular interest 

is the absence of shale in the northwest and northeast corners of the SWMU, as well as an isolated area 

in the western portion of the SWMU. The surface of the shale is also highest at the east side and 

southwest corners oJ the SWMU with an undulating slope to the north-northwest. The thickness of this 

shale is greatest in the southeast and southwest corners of the SWMU (greater than 20 feet thick, see 

Figure 7-5), and tapers to those areas where the shale is nonexistent. 

A continuous basal shale exists within the Pennsylvanian bedrock underlying the SWMU. The basal 

shale·· is reported to range in thickness' from 2 to 12 feet, and is defined as a persistent aquiclude by the 

U.S. ACE. The surface of this shale has also been mapped as shown on Figure 7-6. The shale is at its 

highest elevation in the eastern portion of theSWMU and follows an undulating slope toward the west, 

which is consistent with the reported westward regional dip of bedrock units in this area. 

The Pennsylvanian bedrock units underlying the basal shale have not been extensively investigated. An 

. unconformity forms the contact between the Pennsylvanian bedrock and the underlying Mississippian 

units. The Mississippian geologic units underlying the unconformity are from youngest to .oldest, the 

Hardinsburg shale, Golconda/Haney Limestone, Indian Springs shale, Big Clifty Sandstone, 'Beech Creek 

Limestone, Elwren shale, Sample Formation, and Beaver Bend Limestone. . , . 

7.3.3 Hydrogeology 

Three discrete aquifers were identified and monitored in the Pennsylvanian beneath Rockeye. Those 

aquifers were identified as the Upper, Middle, and Lower Aquifers. Monitoring wells were also installed 

into four other deeper geologic units in the Mississippian including the Golconda/Haney Limestone, 

Beech Creek Limestone, Big Clifty Sandstone, and Sample Formation. 

Ground water is present in predominantly the bedrock beneath the SWMU; however, one well 10C55P2, 

encountered ground water in fill at a depth less than 10 feet. This well is located in a topographic low 

point at the SWMU. No ground water was found in the unconsolidated natural material at the site as it is 

relatively thin (generally 10 feet) and comprised primarily of clay. 
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The Upper Aquifer, which is the shallow aquifer at the site, generally follows topography and flows from 

topographic high points to low areas (Figure 7-7). The channel Sandstone C unit occupies a portion of 

the upper aquifer in the southeastern corner of the facility. Ground water in the upper aquifer appears to 

be unaffected by the presence of this unit. The Upper Aquifer is reported by U.S. ACE to drain vertically 

into the middle aquifer through Sandstone B, in the northeastern portion of the SWMU area. This belief is 

confirmed by comparison of potentiometric surface water elevations in middle aquifer wells that are more 

representative of the upper aquifer potentiometric surface, and the lack of shallow ground water at the 

expected depth where upper aquifer ground water should exist. Ground water in the Upper Aquifer flows 

at a gradient of about 0.04. A geometric mean of hydraulic conductivity values for this unit is 
. , 

1.8x10-4 feet/second. A seepage velocity for the Upper Aquifer was calculated to be 4.5x103 feet/year. -

'Seepage velocity calculations are contained in Appendix B.1. 

The niiddle aquifer is defined by U.S. ACE as the water-yielding unit above the intermediate shale at an 

elevation of 770 feet upwards to about 790 feet. This aquifer corresponds fairly well with the Sandstone 

B unit. Wells outside of the mapped extent· of the Sandstone B unit are typically dry, ,or have 

potentiometric surface elevations that are more representative of the overlying upper aquifer, implying a 

hydraulic connection in these areas. The potentiometric surface contour map of the middle aquifer ,is 

included in Figure 7-8: Ground water in the middle Aquifer flows from the east and west to a trough, then 

in a southward direction at a gradient of 0.2. A geometric mean of hydraulic conductivity values for this 

unit is 1.59x10·4• A seepage velocity for the Middle Aquifer was calculated to be 3.34xl03 feet/year. 

Seepage velocity calculations are contained in Appendix 8.11. 

The Lower Aquifer is defined as the water-yielding unit above the basal shale at an elevation of 725 feet, 

,and underlying the· intermediate shale at an elevation of 770 feet. This aquifer is defined to be extensive 
- . . . 

. beneath the site, with varying ground 'water yield. Sandstone A occupies a portion of the' lower aquifer. 

Wells inst<;l.lIed in the lower aquifer outside of the limits of Sandstone A yielded similar potentiometric 

surface elevations' as those wells located in Sandstone A, which supports a hydraulic conneCtion across 

the entire lower aquifer. The potentiometric surface contour map of the lower aquifer is included in Figure' 
, ' 

7 -9., The potentiometric surface is highest in the southeast corner of the SWMU with ground water in this 

unit flowing toward the north and southwest, at a gradient of about 0.02. A geometric mean of hydraulic 

,conductivity values for this unit is 6.08 x 10.4• A seepage velocity for the lower Aquifer was calculated to 

be 1.28x1 04 feet/year. Seepage velocity calculations are contained in Appendix B.11 . 
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Soil (surface and subsurface), ground water, surface water, and sediment samples were collected from 

'SWMU 10 and analyzed for the presence of site-related contamination during the investigation phase of 

this RFI. Based on analytical data obtained during this investigation, the nature and extent of 

contamination in the soil, ground water, surface water, and sediment at SWMU 10 are discussed on a 

matrix-specific basis in the following subsections. 

Soil samples at each SWMU were classified according to the soil types defined in the NSWC Crane 

Basewide Soil Background Study (TtNUS, August 2000b). Each soil type is defined by the characteristics 

:01 soil parent material (depositional environment), depth (surface or subsurface), and grain size (sand, silt 

or clay). The soil types were gathered into soil groups that reflect different classifications of soil 

throughout NSWC Crane. SWMU 10 surface soils are classified as Group 3 and subsurface soils are 

classified as Groups 8 and 9. The following are descriptions of these soil types: 

• Group 3 - Alluvial, MiSSissippian, and Pennsylvanian Surface Soil 

• Group 8 - Pennsylvanian Subsurface Clay and Silt 

• Group 9 - Pennsylvanian Subsurface Sand 

Metal concentrations in each soil group from a given SWMU were compared to metal concentrations from 

the corresponding background soil group. These comparisons used the entire data set from the, 

background study for a given soil group and all SWMU samples of the corresponding soil group. The 

outcome of each ,comparison was a classification of each metal at a given SWMU as being statistically 

determined to be either elevated or not elevated relative to background concentrations, unless data 

indicates that the contaminants (e.g., laboratory related) are from non-site related sources. 

No background samples were collected for ground water, surface water, and sediment. However, one 

site-specific upgradient sample was collected for ground water. This upgradient sample is treated· as 

background and a direct comparison to the upgradient value is discussed in the ground water section .. 

The SWMUs 4, 5, 9, and 10 work plan (TtNUS, August 2000a) provides a tabular summary and text 

.discussing historical analytical results for SWMU 10 media. These data are not included in this nature 

and extent discussion because they were not used in the risk assessments. However, some disqussion 

from the work plan as relevant is referenced in this nature and extent discussion for SWMU 10. 
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As detailed in Table 7-1 and Section 7.2,10 surface soil samples)Vere collected to evaluate the nature 

and extent of contamination. All 10 surface soil samples were analyzed for Appendix IX explosives, TAL 

metals (plus tin), and cyanide. One surface soil sample was analyzed for Appendix IX SVOCs. 

Additionally, one surface soil samples was analyzed for CEC, pH, and TOC. 

Table 7-2 presents a summary of the results reported for compounds detected in the surface soilsamples 

·collected from SWMU 10. Table 7-3 presents a summary of descriptive statistics for surface soil 

detections including range of detections, frequency of detection, location of maximum,and comparison to 

.:background. Appendix E.1.4 contains a copy of the entire analytical database for SWMU 10 surface soil. 

Figures 7-10 and 7 c 11 present a geographical depiction of organic and inorganic detections in surface 

soil, respectively. If the concentration of an organic or inorganic chemfcal exceeded a risk-based or 

applic~ble regulatory concentration criterion, a flag (e.g., R9PRG) on the tag at the affected sampling 

location shows this on the figures. If an inorganic chemical whose data set exceeded the surface soil 

background concentration was detected at a particular location, this.is indicated with a "BACK" flag on the 

tag at all locations where soil from the same soil group was collected. If "BACK" does not appear on a 

tag it means that the chemical was detected at that location but the concentration of the chemical was 

less than the background concentration .. 

The area around sample' location 10SB03 has recently been excavated to a depth of '10 feet and 

composted. The excavated area was backfilled with bioremediated soil arid screened rock (i.e., 

represented on Tables 7-2 through 7-5 as sample 10SB030002-REM). The bioremediated soil 

.(10SB030002-REM) was analyzed for HMX, RDX, and TNT, only. Because there is some uncertainty 

with regardto"the chemical concentrations (i.e., SVOCs and metals) in the backfilled soil; results from the 

analysis of sample 1 OS B030002 (except for HMS, RDX, TNT) are used for nature and extent discussion. 

Semivolatile Organic Compounds 

Sample 10SB030002 (which has been excavated) was the only sample analyzed for svbCs. Analysis.of 

·this sample yielded 13 PAHs. The concentrations of PAHs ranged from 110 ~g/kg (anthracene) to 

'. 990 Ilg/kg [benzo(a)pyrene]. This sample was collected along the northern side of Building 2734 in the 

location of an air discharge vent. The horizontal extent of contamination cannot. be defined. becaLise this 

. was the only sample collected. The data agree with historical data collected in this area (TtNUS, August 

2000a) . 
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The soil area that was backfilled into this location (represented by sample 108B030002-REM) was not 

analyzed for 8VOCs. Therefore, the current nature and extent of possible 8VOC contamination at this 

site cannot be evaluated. 

Explosives 

The explosive compounds 2-amino-4,6-dinitrotoluene, HMX, and ~RDX were detected in these surface soil 

samples. 2-Amino-4,6~Dintrotoluene was detected in sample 108B090002 at a concentration of 

0.53 mg/kg. HMX was detected in samples 108B020002 (1.3 mg/kg), 108B030002-REM (44.3 mglkg), 

108B040002 (5.0 mg/kg), 108B050002 (55 mg/kg), and 108B070002 (4 mg/kg). RDX was detected in 

samples 108B020002 (1.6 mg/kg) and 108B030002-REM (0.71 mg/kg). 

"" " 

8ample 1 08B01 0002 was collected near the northeastern corner of" Building 2734 and contained no 

explosive compounds. 8amples 108B020002, "108B030002-REM, and 108B040002 were collected 

around the perimeter of Building 2i34 and contained varying concentrations of explosive compounds. 

"8amples 108B050002 (northwestern corner) and 108B060002 (northeastern Q.orner) were collected on 

the northern side of Building 2731 ~ 8ample 108B050002 contained HMX at a concentration of 55 mg/kg, 

and sample 108B060002 did not yield any explosive compound detections. 8amples108B070002 

(northwest) and 108B080002 (northeast) were collected on the northern side of Building 2728. 8ample" 

108B070002 contained HMX at a concentration of 4 "mg/kg, and sample 108B080002 did not yield any 

explosive compound" detections. 8ample 108B090002 was collected at" the location of the pink water " 

discharge (located outside the northern 8WMU boundary) and yielded 2-amino-4,6-dinitrotoluene at a 

concentration of 0.53 mg/kg. 8ample 1 08B1 00002 was collected at the location of the former solvent 

"tank on"the southern border of 8WMU 10. No explosive compounds were detected at this location. 

Metals 

As shown in Table 7-3, 18 metals were detected in the surface soil samples. Antimony, selenium, silver, 

sodium, thallium, and tin were not detected in any of these surface soil samples. Of the 18 detected 

metals, calcium and magnesium were the only metals defected at concentrations statistically determined " , 

to be greater than backgro~nd concentrations. Even though calcium and magnesium were the only 

metals detected above background, they are considered to be essential nutrients and will not be 

discussed any further. 8ince no other metals were detected above background, for surface soils, the 

metals concentrations detected in surface soil will not be discussed further. 
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As shown in Figure 7-11, metals are frequently detected but are not detected in an apparent spatial 

. pattern. It is unlikely that these metals concentrations are related to site activities, as evidenced by no 

non~essential nutrient metal concentrations in excess of background concentrations. Additionally, 

concentrations of metals in surface soil are less than the most sensitive risk-based screening level (see 

HHRA 8ection 7.6.1). 

Miscellaneous Parameters 

Cyanide was analyzed in all ten surface soil samples. Cyanide was not detected in any surface soil 

sample. Only samples 108B020002 and 108B080002 were analyzed for TOC, CEC, and pH. TOC in 

sample 108B020002 was 1,900 mg/kg and in sample. 108B080002 was 1,600 mg/kg. The CEC in 

sample 108B020002 was 10 MEQ/100 g and in sample 108B080002 was 1.5 MEQ/100 g. The pH in 

sample 1 08B020002 was 8 and in sample 1 08B080002 was 8.5, which are alkaline. 

7.4.2 Subsurface Soil 

As detailed in Table 7"1 and 8ection 7.2, 10 subsurface soil samples were collected at 10 locations to 

evaluate the nature and extent of contamination. All 10 subsurface soil samples were analyzed for. 

explosives, TAL metals (plus. tin), and cyanide. One surface soil sample was analyzed for Appendix IX 

8VOCs.Additionally, five subsurface soil samples were analyzed for CEC, pH, and TOC.· 

Table 7-4 presents a summaryof the positive results reported for compounds detected in the subsurface. 

soil samples collected from 8WMU 10. Table 7-5 presents a summary of descriptive statistics for positive 

subsurf~ce soil detections including range of detections, frequency of detection, location of maximum, 

arid 'comparison to background .. Because two different soil groups comprise subsurface soil at this 

8WMU, the table displays an. exceedance of background concentrations if either soil group exceeded its 
. . . 

respective background values. Figures described below indicate background.exceedances for soil group-

specific compariso·ns. Appendix E1.4 contains a copy of the entire analytical database for 8WMU 10 

subsurface soil. Figures 7-12 and 7-13 present a geographical depiction of organic and inorganic 

detections. in subsurface soil, respectively. If the concentration of an organic or inorganic chemical 

exceeded a risk-based or ~pplicable regulato~ concentration criterion, a flag (e.g., R9PRG) on the tag at 

. the 'affected sampling location shows this on the figures. If an inorganic chemical whose data set 

exceeded the subsurface soil background concentration was detected at a particular location, this is 

.. indicated with a "BACK" flag on the tag at all locations where subsurface soil from the same soil group 

was collected. If "BACK" does not appear on a tag it means that the chemical was detected at that 

• location but the concentration of the chemical was less than the background concentration. 
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The area· around sample location.1 OSB03 has recently been excavated to a depth of 10 feet and 

,composted. The excavated area was backfilled with bioremediated soil and screened rock ~Le.,. 

represented on Tables 7-2 through 7-5 as sample 10SB030810-REM). The bioremediated soil 

(1 OSB03081 O-REM) was analyzed for HMX, RDX, and 2,4,6-trinitrotoluene, only. Because there is some 

uncertainty with regard to the chemical concentrations (Le., SVOCs and metals) in the backfilled ,soil, 

results from the analysis of 'sample 1 OSB03081 0 (except for HMX, RDX, and TNT) are used for nature 

and extent discussion. 

Semivolatil~ Organic Compounds 

Sample 1 OSB03081 0 was the only subsurface soil sample analyzed for SVOCs. Analysis of this sam~le 

yielded the detection of acenaphthene and di-n-octyl phthalate. The concentration of acenaphthene was 

11 Ilg/kg and the concentration of di-n-octyl phthalate was 1,400 Ilglkg. This sample was collected along 
, , , 

the northern side of Building 2734 in the location of an air discharge vent. The horizontal extent of PAH 

contamination cannot be defined since this was the only sample collected. 

Explosives 

The SWMU 10 subsurface soil data set prior to inclusion of sample 1 OS803081 O-REM contained only 

HMX in one subsurface soil sample 10SB090204 at a concentration of 0.57 mg/kg. Boring 10SB09 was 

drilled at the location of the pink water discharge (located outside the northern SWMU boundary). HMX 

was not detected in the surface soil collected from this location; however, the compound 2-amino-4,6-

dinitrotoluene (0.53 mg/kg) was detected. No other explosive compounds were detected in SWMU 10 

"subsurface soil samples other than in the bioremediated soil sample 1 OSB03081 O-REtV). 

Soil sample 1 OSB03081 O-REM contained 2,4,6-trinitrotoluene at a concentration of 0.53 mg/kg, HMX at a 

concentration of 44.3 mg/kg, and RDX at a concentration of 0.71 mg/kg. ' 

Metals 

As shown in Table 7-5, 17 metals were detected in the subsurface soil samples. Of these 17 metals, 

none of the detected metal concentrations were in excess of their respective background concentrations, 

except at location 10SB09. Beryllium, cadmium, selenium, silver, sodium, thallium, and tin were not 

det'ected in any of these subsurface soil samples. Three of the detected metals (calcium, potassium, an'd 

magnesium) are considered to be essential nutrients and will not be discussed any further. 
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One subsurface ,soil sample exhibited metal concentrations greater than the background concentratiOns. 

The few exceedances at all locations except 10SB09 were for the two essential nutrients, calcium, 

, magnesium" and are not discussed further because these metals are not a risk concern. The 

concentrations of several metals in subsurface soil sample 1 OSB090204 were greater than background 

concentrations. However, this appears to be an artifact of having only one background soil sample for' 

Soil Group 9. On average, the probability of obtaining a result at the SWMU 10 that is greater than the, 

single background value is 50% when there is just one site sample of the same soil group. The observed 

rate of background exceedances (16 out of 23 metals, or 70%) is not inconsistent with this expectation. 

Furthermore, the range of metal concentrations' in sample 10SB090204 are comparable to the other 

'subsurface soil metal concentrations at SWMU 10, indicating that sample 1 OSB090204 does notrefl~ct 

-soil contamination. To be conservative, however, the tags of Figure 7-13 show a "BACK" flag for all 

detected, metals in sample 10SB090204 because the background comparison showed those metal 

, concentrations to exceed the background concentration and no data are available to demonstrate 

otherwise. 

As shown in Figure 7-13, the concentrations of metals detected a2ross SWMU 10 subsurface soil are 
. .' . ' . . 

,similar to each other (i.e., within one order of magnitude). These metals are frequently detected but are 

not detected in an apparent spatial pattern. These metals were also detected in surface soil but at 

concentrations comparable' to background concentrations. Concentrations of metals in subsurface soil 

are lower than the most sensitive risk:based screening levels (see HHRA Section 7.6.1). 

Miscellaneous Parameters 

Cyanide was not detected in SWMU 10 subsurface soil., Samples 1 OSB01 081 0, 10SB040305; 

1088060507, 1088090204" and 1088100608 were analyzed for miscellaneous parameters~ TOC 

concentrations ranged from 2,000 mg/kg to 3,200 mg/kg. The tEC ranged from 7.8 fy1EQ/100 g to 

10 MEQ/100 g. The pH ranged from 5.2 to 7.7, which is slightly acidic to near-neutral. 

7.4.3 Ground Water 

As detailed in Table 7-1 and Section 7.2, 18 ground water samples and one upgraejientground water 

(1 OGWC5201) sample were collected to evaluate the nature and extent, of contamination. ' Sample 

10GWC5201 was analyzed for Appendix IX VOCs, Appendix IX explosives, TAL metals (plus tin), 

cyanide, nitrate, and nitrate/nitrite. Nine ground water samples were analyzed for Appendix IX VOCs. 

Seventeen ground water samples were analyzed for Appendix IX explosives, total TAL metals (plus tin), . .' . 
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and cyanide. Eighteen ground water samples were analyzed for nitrate/nitrite. One of the samples was 

also analyzed for dissolved TAL metals (plus) tin. 

Table 7-6 presents a summary of the positive results reported for compounds detected in the ground 

water samples collected from SWMU ,10. Table 7-7 presents a summary of descriptive statistics for 

positive ground water detections including range of detections, frequency of detection, location of 

maximum, and comparison to upgradient concentration. Appendix E.1.4 contains a copy of the entire 

analytical database for SWMU 10 ground water. Figure 7-14 presents a geographical depiction of 

organic and inorganic detections in ground water. If the concentratiori of an organic or inorganic chemical 

exceeded a risk-based or applicable regulatory concentration criterion, a flag (e.g., R9TAP) on the tag at 

the affected sampling location shows this on the figure. If an inorganic chemical whose data set ' 

exceeded the upgradient ground water concentration was detected at a particuiar locat,ion, . this is 

indicated with a "UP" flag on the tag at the affected location. If "UP" does not appear on the tag it means 

, that the chemical was detected at that location but the concentration of the chemical was less than the 

upgradient concentration.' 

Volatile Organic Compounds 

No;V.OCs were detected in SWMU 10 ground water samples. 

Explosives 

The explosive compounds 1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, 2,6-dintrotoluene, 2-amino-4,6-

dintrotoluene, 4-amino-2,6-dintrotoluene, HMX, and RDX were detected in the ground water samples. 

1,3,5-Trinitrobenzene was detected in samples 10GW1701 (3.5 Jlg/kg) and 10GWC5501 (2.7 Jlg/kg). 

2,4,6-Trinitrotoluene was detected in wells 10-17, 10C55, and 10C55P2 at concentrations of 26 mg/kg, 

56 Jlg/kg, and 5.8 Jl9/kg, respectively: 2,6-Dinitrotoluene was only detected in sample 10GWC5501 at a 

concentration of 1.5 Jlg/kg. 2-Amlno-4,6-dinitrotoluene was detected in wells 10-17, 10C55, and 

10C55P2 at concentrations of 20 Jlg/kg, 2.8 Jlg/kg, and 7.2 Jl9/kg, respectively. 4-Amino-2,6-

dinitrotoluene was detected in wells 10-17, 10C55, 10C55P2, and 10-02 at concentrations of 18 Jlg/kg, 

.3.7 mg/kg, 15 Ilg/kg, and 1.7 Jlg/kg, respectively. HMX was detected in wells 10-17, 10C55, 10C55P2, 

and 10-02 at concentrations of 240 Jl9/kg, 59 Jlg/kg, 91 Jlg/kg, and 12 Jl9/kg, respectively. RDX was 

detected in wells 10-17, 10C55, 10C55P2, and 10-02 at concentrations of 33 Jlg/kg, 240 Jlg/kg, 21 Jl9/kg, 

and.4.9 Jlg/kg, respectively. 
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No explosive compounds were detected in any of the ground water welis located within the SWMU 

boundary. Explosives were only detected in four wells: 10-02, 10-17, lOC55, and 10C55P2. Three of 

these four wells are within 300 feet of the northern SWMU border (10-17, 10C55, and 10C55P2) and not 

far from the pink water pool. Well 10-02 is located approximately 3,000 feet northeast of t~e northern.site 

border. The detections of RDX. and HMX in sample 10GW0201 were approximately one order of 

magnitude lower than in the other three wells. Well 10C57, which. is located just north (approximately' 

300 feet) of well 10-17, did 'not contain any explosive compounds. 

Metals 

.As shown in Table 7-7, 19 metals were detected in these ground water samples. The maximum detected 

. concentrations of all 19 metals were in excess of respective' upgradient concentrations~ Antimony,.' 

. chromium, silver~ vanadium, and tin were not detected in these ground water samples. Four of the' 

detected metals (calcium, magnesium, potassium, and sodium) are considered to be essential nutrients 

and will not be discussed any further. . 

Barium was detected in all 17 samples at concentrations ranging from 7.9 Ilg/L to 1 04Ilg/L;. the maximum 

concentration occurred in sample 10GW1701. Cadmium, mercury, and thallium were detected in only 
. . . . 

one sample. Cadmium and thallium were detected in sample 10GW1601 at concentrations of4.5llg/L 

. and 1.2 Ilg/L, respectively. Mercury was detected in 10GW1701 at a concentration of 0.2 Ilg/L. Lead was 

detected in samples 10GW1601 . and .. 1 OGWC37P301 at concentrations of 13.4' Ilg/L and 1.2 Ilg/L, 

respectively. Aluminum was detected in five of 17 samples at concentrations ranging from' 416 Ilg/Lto 

22,300 Ilg/L with the maximum detected concentration occurring in sample 10GW1601. Beryllium was 

detected' in four of 17 samples at c?ncentrations ranging from 1.6 Ilg/L to 20.3 Ilg/L with the maximum 

occurring in sample 10GW1601. Copper was detected in six of 17 samples at concentrations ranging' 

from 2.1 1l9/L to 34.8 Ilg/l::. with the maximum occurring in sample 1 OGWC41 P301. Nickel was detected 

in 12 of 17 samples at concentrations ranging from 12 Ilg/L to 695 Ilg/L with the maximum occurring. in 

sample i OGWC31 P301. Selenium was detected at concentrations ranging from 1.31lg/L to 9.3 Ilg/L with 

the maximum occurring in sample 1 OGWC41 P301. Zinc was detected in 12 of 17 samples .at 

-concentrations ranging from 11.81lg/L to 1 ,6601l9/L with the maximum occurring in sample 10GW1601. 

Arsenic was detected in nine samples at concentrations ranging from 0.18 .llg/L to 5.1 Ilg/L; the maximum 

was in 10GWC33P201. Cobalt was detected in 11 samples at concentrations ranging from 7.8 Ilg/L to 

299 Ilg/L with the maximum occurring in sample10GW1601. Manganese was detected in 15 samples at 

concentrations ranging from 176 Ilg/L to 21,800 Ilg/L; the maximum was in sample 1 OGWC31 P301 .. 
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Sample 10GWC5701 was the only ground water sample analyzed for dissolved metals. Barium, calcium, . 

. cobalt, iron, magnesium, manganese, nickel, sodium, and zinc were detected in the dissolved sample. 

The concentrations of these rrietals were similar to the concentrations detected in the total analysis (see 

Table 7-7). This indicates that the metals in the ground water near well 10C57 and perhaps elsewhere 

are predominantly dissolved. 

Although the SWMU ground water' metals concentrations frequently exceed the single upgradient 

concentration value, the concentrations are generally within those typical of ground water (Dragun, 1988). 

: The exceptions are aluminum, beryllium, cadmium, cobalt; nickel, .and manganese. The concentrations 

of these metals in SWMU 10 ground water exceed the typical background range by more thcin a factor of 

two. The typical maximum background concentrations for these metals, in jlg/L, are: aluminum = 1000, 

beryllium < 10 cadmium' <1.0, cobalt <10, nickel = 50, and manganese ~ 1000. Of these metals all but 

cobalt and manganese have just one exceedance of the typical maximum ground water concentration. 

Ironically, the second greatest manganese concentration was found· in well .10C41 which is upgradient of 

other SWMU 10 wells. The general variability of the manganese data and this latter observation suggest 

that the observed manganese concentrations reflect local geology rather than contamination. Cobalt 

concenfrations, however, exceeded the typical maximum concentration of 10 giL in nine samples: 
. . . 

1 OGW1601(299 jlg/L) , 1 OGWC31 P301 (163 jlg/L), 10GWC33P201 (17.4 jlg/L) , 1 OGWC3501 (140 jlg/L) , 
. . .' '.' . 

and 10GWC35P201 (60.2 jlg/L) , 10GWC37P301 (145 jlg/L) , 1 OGWC41 01 (154 jlg/L) , 10GWC41P301 

(72.7 Ilg/L ) , and 10GWC5701 (26.7Ilg/L). In addition, these concentrations are generally much greater. 

than risk-based concentrations. 

As shown in Figure 7-14, there does not appear to be a pattern of metals contamination in the ground 

. water. The metals detected in ground water were also detected in surface and subsurface soil samples 

at SWMU 10. Maximum detections occurred most frequently in sample 1 OGW1601, which is located 

within the SWMU boundary. This suggests that the metal concentrations are adequately represented by . 

the available data. 

Miscellaneous Parameters 

Cyanide was not detected in these ground water samples. Nitrate/nitrite was detected in nine of 18 

samples analyzed, at concentrations ranging from 0.04 mg/L to 0.40 mg/L; the maximum was in sample 

10GW1701. 
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As detailed in Table 7-1 and Section 7.2, 12 surface water samples were collected to evaluate the nature 

and extent of contamination. All surface water sample~ were analyzed for Appendix IX explosives, total 
. . 

and dissolved TAL metals (plus tin), cyanide, hardness, nitrate/nitrite; and total suspended solids. No 
. . . 

upgradient surface water samples were collected at SWMU 10. 

Table 7-8 presents a summary of the positive results reported for compounds detected in the surface 

water samples collected from SWMU10. Table 7-9 presents' a summary. of descriptive statistics for 

positive surface water detections including range of detections, frequency of detection, and location of 

maximum.· Appendix E.1.4 contains a copy of the entire analytical database for SWMU 10 surface water. 
. . 

Figure 7-15 presents a geographical depiction of organic and inorganic detections in surface water. If the 

concentration of an organic or inorganic chemical exceeded a risk-based or applicable regulatory 

concentration criterion, a flag (e.g., R9TAP) on the tag at the affected sampling location shows this on the 

figure. If an inorganic chemical whose data set exceeded the upgradient 'surface water concentration was 

detected at a particular location, this is indicated with a "UP" flag on the tag at the affected location. If' 

"UP" does not appear on the tag it means that the chemical was detected at that location but the 

concentratiori of the chemical was less than the upgradient concentration. 

Explosives 

The explosive compounds 2,4,6-trinitrotoluene, 2-amino-4,6"di'riitrotoluene, . 4-amino-2,6-dinitrotoluene, 

., HMX, and RDX were detected in these surface water samples. 2,4,6-Trinitrotoluene was detected in 

samples 10SW0401 (2.6 Ilg/L) , 10SW0501 (1.6 Ilg/L) , and 10SW0701 (4.4 Ilg/L). 2-Amino-.4,6-

. dinitrotoluene was detected in sample 10SW0401 at a concentration of 0.41 'llgiL. 4-Amino-2,6-' 

dinitrotoluene was detected in samples 10SW0401 (1.1 Ilg/L) , 10SW0501 (0.96 Ilg/L), and 10SW0701 

'(1.4 Ilg/L)., HMX and RDX were both detected in samples 1 OSW0401, 1 OSW0501, 1 OSW0601, 

10SW0701, 10SW0901, 10SW1101, and 10SW1201. Concentrations of HMX ranged from 6.4 Ilg/L to 

22 Ilg/L; the maximum' concentration was in sample 10SW0701. Concentrations of RDX ranged from 

,1.9Ilg/L to 18 Ilg/L; the maximum concentration also was in sample 10SW0701. 

Samples 10SW0101, 10SW02021, 10SW0301, 10SW0801, and 10SW1001 did not yield any explosive 

compound detections. These locations are all outside the SWMU 10 boundaries. Detection of HMX and 

'RDX coincide in seven surface water samples. Sample 10SW0701 contains the maximum detected 

concentrations of 2,4,6-trinitrotoluene, 4-amino-2,6-dinitrotoluene, HMX, and RDX. The only detection of 

• 2-amino-4,6-dinitrotoluene was found in sample 10SW0401. Sample 1 OSW071 01 is located in the area 
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of the pink water discharges. Sample 10SW0401 is northeast of the site, near an area where wash water 

from munitions production was released (drainpipe). Explosive compounds are present in surface water 

extending outside the SWMU 10 boundary. 

Metals \ 

As shown in Table 7-9, aluminum, arsenic, barium, calcium, copper, iron, magnesium, manganese, 

. sodium, and zinc were detected in these surface water samples. Three of the detected metals (calcium, 

magnesium, and sodium) are considered to be essential nutrients and will not be discussed any further. 

There are no upgradient data associated with these surface water samples. 

Arsenic, barium, and iron were detected in all 12 samples. The maximum detected concentrations of 

arsenic and barium, 1.8 Jl9/L and 86.4 Jl9/L respectively, were found in sample 1 OSW0901 . The 

maximum concentration of iron, 1,120 Jl9/L, wps found in sample 1 OSW11 01. Aluminum was detected in 

11 of 12 samples at concentrations ranging from 213 Jl91L to 837 Jl9/L. The maximum detected aluminum 

concentration was found in sample 10SW0801. Copper was detected in sample 10SW0901 at a 

concentration of 2 Jlg/L. . Manganese was detected in 10 of 12 samples at a maximum concentration of 

125 Jlg/L, in sample 10SW0801. Zinc was detected in samples 10SW0801 and 10SW0901 at • 

concentrations of 11.2 Jlg/L and 113 Jl9/L, respectively. 

All these surface water samples were also analyzed for dissolved metals. All the metals detected in the 

total (unfiltered samples), except aluminum and copper, were detected in the dissolved (filtered) metals 

samples. Additionally, antimony was detected in one of the dissolved samples (lOSW0101-F). The 

concentrations and frequency of detection of these metals were similar to those found in the total 

(unfiltered) samples. The maximum detected concentrations of dissolved metals, except antimony, iron, 

and manganese, were detected in sample 1 OSW0901, which was collected in the southwestern corner of 

SWMU 10. 

As shown in Figure 7-15, there not does appear to be a pattern of metals contamination in the surface 

water. These metals were also detected in surface soil, subsurface soil, and ground water samples at 

SWMU 10. These metals do not coincide with significant explosive detections. , . 

Miscellaneous Parameters 

Cyanide was not detected in these surface water samples. The hardness of these samples ranged from 

27 mg/L to 260 mg/L, the total suspended solids ranged from 3 mg/L to 50 mg/L, and the nitrate ranged • 
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from 0.09 mg/L to 1.6 mg/L. Sample 10SW0901 possessed the maximum hardness, total suspended 

solids, and nitrate values. 

7.4.5 Sediment 

As detailed in Table 7-1 and Section 7.2, 12 sediment .samples were collected to evaluate the nature and 

extent of contamination. All sediment samples were analyzed for Appendix IX explosives, TAL metals 

(plus tin), cyanide, and TOe. No upgradient sediment samples were COllecte9 at SWMU 10, 

Table 7-10 presents a summary of the positive results reported for'compounds detected in the sediment 

. samples collected from SWMU 10. Table 7-11 presents a summary of descriptive statistics for positive 

. sediment detections including .range of detections, frequency of detection,. and location of maximum. 

Appendix E.·1.4 contains a copy of the entire analytical.database for. SWMU 10 sediment. Figure 7-16 

presents.a geographical depiction of organic and inorganic detections in sediment. If the concentration of 

an organic or inorganic chemical exceeded a risk-based or applicable regulatory concentration criterion, a 

flag (e.g., R9PRG) on the tag at the affected sampling location shows this on the figure .. If an inorganic 

chemical whose data set exceeded the upgradient sediment concentration was detected at a particular 

location, thi's is indicated with a "UP"flag on the tag at the affected location. If "UP" does not appear on 
. .. 

the tag it means that the chemical was detected at that location but the concentration of the chemical was 

less than the upgradient concentration. 

Explosives 

The explosive compound, HMX, was detected in only one sample (10SD070006) at a concentration of 
. . 

51 mg/kg. Sample 10SD070006 was colleCted at the location of the pink water discharge (located 

outside the. northern SWMU boundary). This compound was also detected in the subsurface soil and 

surface water collected from this same area. In addition, the compound 2-amino-4,6-dinitrotoluene 

(0.53 mg/kg), a 2,4,6-trinitrotoluene degradation product, was detected in the surface soil in this area. 
. , 

Pink water derives its color from 'the presence of 2,3,6-trinitrotoluene, so the presence of the degradation 

. product suggests that the 2,4~6-trinitrotoluene is degrading, naturally. No other explosive compounds 

were detected in SWMU 10 'sediment samples. 

Metals 

As shown in Table 7-11, 18 metals were detected in these sediment samples. Two of the detected' . 

metals (calcium and magnesium) are'considered to be essentii:lI.nutrients and'will not be discussed any 

further. There are no background data associated with these sediment samples. 
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Aluminum, arsenic, barium, chromium, cobalt, copper, iron, lead, manganese, nickel, vanadium, a'nd zinc 

, were detected in all 12 samples. Antimony was detected in three of 12 samples. Beryllium was detected 

in five of 12 samples. Cadmium was detected in four of 12 samples. Mercury was' detected in two of 12 

samples. Maximum detected concentrations of aluminum, beryllium, cobalt, copper, and nickel were 

present in sample 1080080006. Maximum detected concentrations of arsenic, chromium, iron, lead, 

mercury, and vanadium were present in sample 1080040006. Maximum detected concentrations of the 

remaining metals (barium, cadmium, manganese, and zinc) were divided among sample locations 

1080050006, 1080120006, 1080070006, and 1080090006. 8amples 1080080006 and 1080040006 

are the two samples located farthest north of 8WMU 10. 

Concentrations of aluminum ranged from 4,430 mg/kg to 9,190 mg/kg. Concentrations of arsenic ranged 

from 3.1 mg/kg to 34.2 mg/kg. Chromium concentrations, ranged from 9 mg/kg to 65.7 mg/kg. Iron 

concentrations ranged from 121,000 mg/kg to 71,100 mg/kg. Lead concentrations ranged from 

13.3 mg/kg to 37 mg/kg. Manganese concentrations ranged from 165 mg/kg to 3,900 mg/kg. Vanadium 

concentrations ranged from 13.2 mg/kg to 63.2 mglkg. Antimony was detected in three of 12 samples at 

concentrations ranging from 4,430 mg/kg to 9,190 mg/kg with the maximum detected concentration 

occurring in sample 10800506. Barium was detected in all 12 samples at concentrations ranging from 

45.2 mg/kg to 276 mg/kg with the maximum occurring in sample 1080120006., Beryllium was detected in 

five of 12 samples at concentrations rangin9, from 1.4 mg/kg to'2.1 mg/kg with the maximum occurring in 

sample 108090006. Cadmium was detected in four of 12 samples at concentrations ranging from 

1.3 mg/kg to 2.4 mg/kg with the maximum occurring in sample 1080070006. Cobalt was detected in all 

12 samples at concentrations ranging from 6 mg/kg to 51.8 mg/kg with the maximum occurring in sample 

',.1080080006. Copper was detected in all 12 sa:mples at concentrations ranging from 7.5 mg/kg to 

126.9 mg/kg with the maximum occurring in sample 1080080006. Mercury was detected in samples 

108004006 (0.5 mg/kg) and 1080040006 (0.04 mg/kg). Nickel was detected in all 12 samples at 

concentrations ranging from 7.5 mg/kg to 44.6 mg/kg with the maximum occurring in sample 

1080080006. Zinc was detected in all 12 samples at concentrations ranging from 36.5 mglkg to 

301 mg/kg with the maximum occurring in sample 1080090006. 

As shown in Figure 7-16, there not does appear to be a pattern of metals contamination in the sediment. 

These metals were also detected in surface soil, subsurface soil, ground water, and surface water 

samples at 8WMU 10. These metals do not coincide with significant explosive detections. 
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Cyanide was not detected in these sediment samples. The TOC of these samples ranged from 

4,000 mg/kg to 22,000 mg/kg and sample 1 OSD01 0006 possessed the maximum total, organic carbon 

value. 

7.4.6 Summary 

Thirteen PAHs were detected in surface soil sample 10S8030002 at levels ranging from 110 ~g/kg 
) 

(anthraCene) to 990 ~g/kg [benzo(a)pyrene]~ Acenaphthene (11' ~g/kg) and di-n-octyl phthalate 

. (1 ,400 ~g/kg) were detected in the subsurface· soil sample 10S8030810. This soil sample location, 

10S803, was located on the northern side of Building 2734 near the. air discharge vent but has since 

been excavated and replaced with bioremediated soil. The replacement soil (10SB030002-REM and 

10SB030810-REM) was not analyzed for SVOCs. Therefore, it was not possible to determine the nature 

and extent of potential SVOC contamination in soil at SWMU'1 o. No other SVOCs were detected in soil 

or any other media sampled at SWMU 10. 

The explosive comp<?unds 2-amino-4,6-dinitrotoluene, HMX, and RDX were detected in. from one to five 
. . 

surface soil samples. HMX was detected in one subsurface soil sample, 10SB090204. However, HMX 

was not detected in the surface soil from this soil column, but 2-amino-4,6-dinitrotoluene was detected. 

Soil sample 1 OSB03081 O-REM contained 2,4,6-trinitrotoluene at a conCentration of 0.53 mg/kg, HMX at a 

. concentration of 44.3 mg/kg, and RDX at a concentration of 0.71 mg/kg. The explosive compounds 

1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, 2,6-dinitrotoluene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-

. dinitrotoluene, HMX, and RDX were detected in the ground water samples: The explosive compounds . 

. "2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, HMX;' and RDX were 

detected in from one to seven surface water samples. HMX was the only ·explosive detected in sediment. 

Consistent with contamination observed· in other media, explosives contamination in ground water is 

confined to ground water wells near the pink water pooling area cit the northeast boundarY of the SWMU. 

Sample location 10SW/SD07 was situated at the location of the pink water discharge located north of the 

SWMU. boundary (Figure 7-16)., This location contained the maximum detected concentrations of 

explosives in surface water and sediment samples. Downstream location 1 OSW ISD04 had slightly lesser 

concentrations of the same explosives (RDX; HMX, and 2,4,6-trinitrotoluene). Both locations had' 

detectable concentrations of 2,4,6-trinitrotoluene degradation products (2-amino-4,6-dinitrotoluene and 

4-amino-2,6-dinitrotoluene), indicating that degradation of 2,4,6-trinitrotoluene is occurring. Explosives 

• were only detected in four ground water wells: 10-02, 10-17,10C55, and 10C55P2. Three of these four 
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wells are within 300 feet of the northern site border (i.e., 10-17, 1OC55, and 10C55P2) and not far from 

the pink water pooling area. Most of these same explosives were detected in soil, ground water, surface 

. water, and sediment during previous site investigations (TtNUS, August 2000a). The explosives 

contamination in surface water, sediment and ground water is limited to the northeastern and southern 

edges of the SWMU 10 and the observed concentrations decrease ina downgradient direction. Except in 

the vicinity of Building 2734, and the pink water pooling area, no soil explosives were observed to exceed 

risk-based criteria (no flags on tag maps, Figures 7-10 and 7-12). Thus, the degree of explosives 

contamination in soil appears to be limited in space and concentration. However, the continued presence 

of explosives in sediment suggest that releases continue, to ground water or through overland runoff or 

both. 

Numerous metals were detected in both surface and subsurface soil samples. (Figure 7-11· and 7-13, 

respectively). Of the metals detected ir' surface soil, concentrations of calcium and magnesium were. 

present in SWMU 10 surface soils at concentrations in excess of background. ·AII but: one of the 17 

metals (i.e., potassium) detected in subsurface soil samples were present at concentrations in excess of 

background for Soil Group 9, but no metals exceed Soil Group 8 background .concentrations. 

Although several metals were detected in surface and subsurface soils, the concentrations were 

comparable to background concentrations, except at location 10S809. Sample 10S090204, which was 

classified as belonging to Soil Group.9 and that background soil group has only one value for each metal. 

This is believed to have created an appearance of SWMU· 10 metals exceeding background 

concentrations when they probably do not. However, to be conservative, metals in subsurface soil group 

.9 that appeared to exceed background concentrations based on the background comparisons were 

. ;carried forward to the· COPC selection process, even though they do not appear to reflect site 

contamination. 

Nineteen metals were detected in ground water samples collected from four different water bearing zones 

(Figure 7-14). On Figure 7-14, the sample labels shown on the tags are colored to show which water 
.. , 

bearing zone they represent. Well 10C52. was selected to represent upgradient conditions for all Lower 

Pennsylvanian grOund water samples.· Only six metals were detected in this well which is located at the. 

southeast corner of the SWMU (See Figure 7-14). There was no upgradient well for the other water 

'bearing units, however, this did not adversely affect the selection of COPCs because COPC selection 

was influenced most heavily by the Lower Pennsylvanian wells, which comprised the majority of wells. All 

metals detected in ground water were in excess of the Lower Pennsylvanian upgradient concentrations 

• 

• 

from well 10C52 at one or more wells. Calcium, magnesium, potassium and sodium are essential • 

nutrients and are not discussed here. Lower Pennsylvanian wells to the northeast show the greatest 
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metals concentrations with few exceptions·. These wells are downgradient of the SWMU. Well 10-16 

(Lower Pennsylvanian) showed the most frequent occurrences of upgradient exceedances. Although 

SMWU .10 Lower Pennsylvanian ground water concentrations commonly exceeded the single upgradient. 

concentration, cobalt across the SMWU 10 appears to be the only significant metal contaminant in this 

aquifer. This is so be·cause, of all.the detected metals, the cobalt concentrations were the concentrations 

that were most consistently detected and were the most consistently greater than upgradient 

concentrations and regulatory or risk-based levels. The cobalt contamination is SWMU-wide with no 

obvious source(s) and exceeds risk-based concentrations at several locations. The cobalt contamination 

. is not bounded in any direction relative to the risk-based concentrations, however, the wells to the north 

and east generally show lower cobalt concentrations than interior SWMU wells and the wells outside the 

southwest corner of the SWMU. Historical ground water data show that the maximum observed cobalt 

concentration (22· Ilg/L) reported previously was in well 10C55P2 located in the northeastern area just 

outside the SMWU boundary (TtNUS, 2000a). This well (10C55P2) is screened in the unconsolidated 

·unit. If the SWMU is the source of the cobalt contamination, the greatest concentration likely to be 

encountered by a receptor appears to be adequately characterized by wells 10-16 and 10C31 P3, which 

are located in theSWMU interior: The same is true for other metals .. In th·is sense, the ground water. 

metals contamination is adequately characterized to support the planned risk assessments. The tags on 

Figure 7-14 show all those metals whose concentrations exceed the upgradient concentration with a "UP" 

flag. 

There· was no upgradient surface water sample available to which downgradient samples could be 

compared (Figure 7-15). Despite this condition, the surface water metals concentrations are rather 

uniform across the site, or the downgradiertt locations exhibit lesser concentrations of a particular metal .. 

than the upgradient locations within the SMWU. This. tends to indicate that the· SMWUis not 

contaminated because the contamination would not be expected to be uniformfydistributed across the 

site,or that the contamination is located within the SWMU. Few of the observed metals concentrations in 

. surface water exceed risk-based criteria and most of the exceedances are associated with use of surface 

water as drinking water or ecological risk-based levels. In summary, although some risk-based 

concentrations are exceeded by" surface waterand sediment metals concentrations, the exceedances are 

relatively infrequent and metals concentrations at anyone location are generally consistent with 

.·concentrations of the same metal at other site locations. This indicates that surface waters atSWMU 10 

are not contaminated, of if they are contaminated are not much greater than expected background 

concentrations. 

\ 

Similar to surface water, there was no upgradient sedimentsample available fo(comparison toSMWU 10 

samples (Figure 7-16). While several metals were detected in sediments, few of the observed 
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concentrations exceeded risk-based levels. Nickel concentrations in the southernmost sediment 

sampling locations (10SW/SD12 and10SW/SD01) were the greatest of all nickel concentrations and-·. 

were not bounded. Furthermore, those concentrations exceed typical surface soil nickel concentrations 

of 9.2 to 20 mg/kg and they exceed the EDQL for nickel in sediment. The other metals most frequently 

. exceeding risk-based concentration limits are arsenic and cadmium. However, arsenic and cadmium 

concentrations are generally comparable to typical NSWC Crane surface. soil concentrations (2.4 to 

10 mg/kg for arsenic and 0.1 to 3.6 mg/kg for cadmium). Thus, while there are some exceedances of , 
risk-based concentration limits, the exceedances are associated with metal concentrations that appear to 

(' 

be comparable to surface soils. Furthermore, surface soils, which are a common source of sediment 

metals contamination, did not exhibit contamination so the sediments would not be expected to have 

gotten contaminated from overland runoff. Despite the apparent lack of contamination in sediments,. 

concentrations exceeding risk-based concentration limits are flagged on Figure 7-16. Almost without fail, 

sediment metal concentrations' increase away from SWMU 10. The difference between the most 

upgradient and downgradient concentrations are generally within a half-order of magnitude. Such a 

pattern could indicate an influence from past operations that are not longer releasing metal contaminants. 

Because the upgradient and downgradient concentrations .are not very different, this is not a significant 

concern. 

The HHRA presented in Section 7.6.1 and the ERA presented. in Section 7.6.3 provide discussions 

regarding metals selected as COPCs for SWMU 10. 

7.5 CONTAMINANT FATE AND TRANSPORT 

This section presents a brief overview of contaminant fate and transport issues at SWMU 10. This 

discussion focuses on some of the major types of contaminants found at the site. A description of SWMU 

10 and release mechanisms at the site are provided in Section 1.4.4. 

The following classes of chemicals were detected in the media of concern atSWMU 10. 

Soil - PAHs, explosives, and metals 

Ground water - Explosives and metals 

.Surface Water - Explosives and metals 

Sediment - Explosives (HMX only) and metals 

") 

Fate and transport characteristics of these chemicals are briefly discussed in the following sections. 
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PAHs are generally considered to be fairly immobile chemicals in the environment. They are large 

molecules with high organic carbon partition coefficients and low solubilities when compared to the 

volatile organics. These compounds, when found in the soil, generally do not migrate vertically to a great 

extent. Instead, they are more likely to adhere to soil particles and be removed from the site via surface 

runoff and erosional processes. Their absence in ground water is evidence of their immobility. . Their 

presence in sediment may stem from surface erosion,. but their absence in surfac~ water is consistent 

with their low water solubilities and their ability to bind to soil. and sediment. 

7.5.2 Explosives 

Nitrogen-containing compounds, such as 2,4,6-trinitrotoluene, 2-amino-2,6-dinitrotoluene, 4-amino-2,6-

dinitrotoluene, HMX, and RDX have relatively low Koc values and tend to be fairly mobile· in the 

environment. The Kec for 1,3,5-trinitrobenzene is somewhat higher, indicating that this compound is less 

mobile than the other explosives. The nitrotoluenes, RDX, and HMX in· water are not expected to 

, bioconcentrate significantly ar:Jd will have only a slight tendency to partition to suspended and sediment 

• org~nic. 2"Amin~~2,6-dinitrotoluene and4-amino-2,6-dinitrotoluene are likely degrad~tion products of the 

other explosives. 

• 

Explosives were detected in all media sampled at SWMU 10. ' Their presence in ground water indicatesl 

that migration from soil to ground water has occurred. The explosives may be present on particulate 

matter but since they are somewhat water soluble (compared to PAHs and PCBs, for example), they may 

also be present in the dissolved phase. They are also likely to be more environmentally mobile than 
i· 

PAHs and PCBs. 

7.5.3 . Inorganics 

Because, inorganics are frequently incorporated into the soil matrix and· remain bou'nd to particulate 

matter, they tend to migrate from the source areas via bulk movement processes (erosion). The larger 

particles (greater than 0.45 microns, which are removed via the filtration step prior to water analysis) are 

not generally considered to be mobile in ground water . 

. There are some instances, however, where these metals are fOund at such concentrations or in such . 

form as to be able to migrate in solution. It is possible that industrial activities could saturate an~vailable 

exchange sites in soil and . result in a metal being mobilized. Metals are also more mobile under acidic 

conditions, which may exist in areas where plating-type activities have occurred. Finally, a metal solution· 
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may be utilized in some industrial applications. In these cases, it is possible for metals to migrate 

vertically through the soil column and reach the ground water. 

7.6 HUMAN HEALTH RISK ASSESSMENT 

This section presents the results of the human health risk assessment for SWMU 10. The risk evaluation 

was performed using the general methodologies presented in Section 3.3. Site-specific information 

regarding data evaluation (i.e., the selection of COPCs), exposure assessment, characterization of 

. estimated potential human health risks, and specific uncertainties for the. risk screening process for the 

site are contained in the following sections. 

7.6.1 Selection of Chemicals of Potential Concern 

A medium-specific discussion of the chemicals selected as COPCs for SWMU 10 is provided in this 

section. 

7.6.1.1 Soil 

This section presents the results of the COPC selection process for surface and subsurface soil. The 

COPC screening process and the results of the screening are presented in Tables 7-12 and 7-13 for 

surface soil and in Tables 7-14 and 7-15 for subsurface soil. 

COPC Selection for Surface Soil 

Ten surface soil samples were collected at SWMU 10 from a depth of 0 to 2 foot bgs and analyzed for 

explosives and inorganics. One sample (10SB030002) was also analyzed for semivolatiles. During the 

third quarter of 2001, the area around this sample location (10SB03) was excavated and backfilled with 

bioremediated soil. The bioremediated soil was analyzed for HMX, RDX, and TNT, only. Because there 

is some uncertainty in regard to the constituent concentrations in the backfilled soil, results from the 

analysis of sample 10SB030002 (except for HMX, RDX, and TNT) are used for COPC selection and in 

risk assessment calculations, for purposes of conservatism. Eight samples were collected on the sumps 

and discharge areas around the five main buildings of the facility. One sample (10SB09002) was 

'collected to evaluate soil conditions in an area where pink water discharges' pooled. One sample 

(1 OSB1 00002) was collected near Building 2726C because it is historically documented that a 

chlorination tank for the now incapacitated sewage treatment plant was present in this area. The 

following chemicals were retained as COPCs for surface soil: 
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PAHs - benzo(a)anthracene; benzo(a)pyreme, benzo(b)fluoranthene, arid dibenzo(a,h)anthracene 

Explosives - 2-amino~4,6-dinitrotoluerJe and RDX 

, COPC Selection for Surface/Subsurface Soil 

Twenty surface/subsurface soil samples were collected at SWMU 10 from depths of 0 to 10 feet bgs. Ten 

subsurface soil samples were collocated with the surface soil sample's discussed above. One subsurface 

soil sample (10SB030810) was also analyzed for semivolatile organics. During the third quarter of 2001, 

, the area around this sample location (10SB03) was excavated and backfilled with bioremediated soil. 

Thebioremediated, soil was analyzed for HMX, RDX, and TNT, only. As with surface soil, there is 

, uncertainty in regard to thecoristituent concentrations in the backfilled soil. 'Therefore, for purposes of 

conservatism, results from the analysis of sample 1 OSB03081 0 (except for HMX, RDX, and TNT) are 

used for COPC se,lectionanc~ in risk-assessment calculation. The following' chemicals were retained as 

COPCs for surface/subsurface soil: 

• PAHs - benzo(a)anthracene, benzo(a)pyrene,benzo(b)fluoranthene, and dibenzo(a,h)anthracene 

• Explosives -2-amirio-4,6-dinitrotoluene and RDX 

These constituents were identified as COPCs . in surface and subsurface soil because maximum 

concentrations exceeded one or more of the human health risk screening levels for residential land use 

(Le., U.S. EPA Region 9 risk-based screening levels for residential soil, U.S. EPA Regiori 3 risk-based 
. " 

screening levels for residential soil, U.S. EPA generic SSLs for migration to ground water, IDEM default 

'closure levels for direct contact and migration to ground water, and representative basewide background 
. . 

concentrations). The maximum concentrations were also compared to U.S. EPA SSLs for migration from 

soil to air (inhalation). As shown in Tables 7"13 and 7-15, the maximum concentrations of all constituents 

were less than the inhalation S~Ls. Therefore, potential risks from inhalation of chemicals detected in 

.soil are expected to be minimal and this pathway was not evaluated further in the risk assessment 

'. Chemicals present at concentrations greater than' screening c;oncentrations but within representative 

basewide background levels [aluminum, arsenic, barium,iron, and manganese in surface soil and 
, . 

aluminum, arsenic, barium, cadmium, chromium (total), manganese, and nickel in surface/subsurface soil] 

. are not considered to' be site-related contaminants, were eliminated as COPCs, and were not ,carried' 

: ,through the quantitative risk assessment. 
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Migration from Soil to Ground water 

As indicated in Tables 7-12, 7-13, 7-14, and 7-15, some constituents in soil were'selected as COPCs 

·because the maximum concentrations exceeded risk-based screening levels for residential soil exposure; 

some were selected as COPCs .. because the maximum concentration exceeded risk~based screening 

. levels for residential soil and SSLs for migration to ground water; and one chemical.[benzo(a)anthracene) 

was selected because the maximum concentration exceeded the SSL for migration to grciund water only. 
~ . 

Because the concentration of benzo(a)anthracene was less than the screening levels for direct contact 

with soil and U.S. EPA generic SSLs for inhalation, potential risks from direct exposure to this CO PC in 

soil· are expected to be minimal. However, exceedances of U.S.· EPA and IDEM migration to ground 

water SSLs may indicate the potential for chemicals to leach to ground water and impact water quality. 

However, neither benzo(a)anthracene nor any otherPAHs were detected in any ground water samples 

collected at the site. A discussion of the ground water data for SWMU 10 is provided in Section 7.6.1.2. 

7.6.1.2 Ground water 

Table 7-16 presents details of the COPC selection process for ground water. The COPC selection for 

ground water at SWMU 10 is based on analytical data from 17 unfiltered ground water samples collected 

from monitoring wells installed at the site. The samples were collected to assess the potential risks 

associated with the migration of soil constituents to ground water. One well, 10GW5201 upgradient of the 

site was used as background for COPC selection. The following chemicals were retained as COPCs in 

ground water: 

• Explosives 2-amino-4,6-dinitrotoluene, 4-aminoc4,6-dinitrotoluerie, 2,6-dinitrotoluene, 

2,4,6-trinitrotoluene, HMX, and RDX. 

. . . 
.Inorganics - aluminum, arsenic, beryllium, cadmium, cobalt, iron, manganese, nickel, thallium, and 

zinc . 

. . These constituents were identified as COPCs in ground. water because the maximum concentrations 

exceeded one or more of the human health screening levels (i.e., U.S. EPA Region 9 risk-based 

screening concentrations for tapwater, U.S: EPA Region 3 risk-based screening . levels . for tapwater, . 

federal MCLs or SMCLs, and IDEM residential default closure levels for ground water). No chemical$ 

were eliminated from the quantitative risk assessment on the basis of background because maximum 

concentrations in the site groundwater samples were greater than concentrations in the upgradient well. 
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Table 7-17 summarizes the COPC selection process for surface water at SWMU.10. Twelve unfiltered 

(and 12 filtered) surface water samples were collected to assess risks associated with migration (ground 

water discharge and surface runoff) of ground water and soil chemicals to surface water and sediment. 

Prior to 1978, e~plosive-contaminated wastewater collected in sumps on the northern side of BUildings 

2734 and 2731 and was released to several drainageways that lead to various. tributaries and/or creeks. 
. . 

Samples from. six stations (10SW/SD01,10SW/SD02, 10SW/SD03, 10SW/SP04, 10SW/SD05, 

1 OSW /SD06) were used· to evaluate contributions of affected runoff from the northern and eastern 

drainageways, which lead to a tributary of Sulphur Creek. Location 10SW/SD08 was used to assess 

impacts of runoff northwest of the site. West of the site, runoff from the Area A drainageway, which leads 

to a tributary of Furst Creek, was assessed by samples at two stations (10SW/SD09 and 1OSW/SD1O). 

Contributions from the southern side of the facility tei Turkey Creek were determined by collecting 

samples at two stations (10SW/SD11 and 10SW/SD12) near theArea D, F, and G and drainageways 

(Figure 7-15). Samples from 10SW/SD07 \iIIere .used to evaluate contributions of pink water discharge 

that pooled near Area E (Figure 7-15); No chemicals were eliminated from the quantitative risk 

assessment on the basis of background because appropriate upgradient locations could not determined' 

for SWMU 10. 

The following chemicals were retained as COPCs in surface water:. 

• Explosives - 2-amino-4,6-dinitrotoluene, 4-amino-4,6-dinitrotoluene, 2,4,6-trinitrotoluene, and RDX 

• Inorganics - aluminum, arsenic, iron, and manganese 

These constituents were identified as COPCs in surface ·water because· the maximum concentrati~ns 

exceeded one or more of the human health screening levels (i.e., U.S.EPA Region 9 risk:-based 

screening concentrations for tapwater, U.S. EPA Region 3 risk-based screening levels for tapwater (for 

aminodinitrotoluenes), federal MCLs or SMCLs, and IDEM. residential default closure levels for ground 

water. The use of these criteria for surface water assumes that the s~rface water is used as a drinking 

source (i.e., potential receptors ingest 2 liters of water per day/350 days per year). Drinking water criteria 

are used because surface water criteria for human health are currently not available. The use of these 

criteria for screening and risk assessment is conservative because it is unlikely that the water in the creek 

or marshy area would ever be used as a source of drinking wate·r . 
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Table 7-18 summarizes the COPC selection process for sediment at SWMU 10. Twelve sediment 

samples collocated with the surface water samples were collected during the investigation. No chemicals 

were eliminated from the quantitative risk assessment on the basis of background because appropriate 

upgradient locations could not determined for SWMU 10. 

The following chemicals were retained as COPCs in sediment: 

• Inorganics - aluminum, arsenic, chromium (total) iron, manganese, and vanadium 

These constituents w~re identified as COPCs in sediment because maximum concentrations exceeded 

U.S. EPA Region 9 risk-based screening levels for residential soil, IDEM default closure levels for direct 

contact, and· concentrations in the upgradient sample. The use of the U.S. EPA Region 9 and IDEM risk

based concentrations for soil to evaluate chemical concentrations in sediment is conservative because 

these criteria were established assuming residential land use scenarios (e.g., routine daily contact with 

soils). However, it is anticipated that a human receptor would be exposed to the sediments in the 

streams and marshy areas of the site on a less frequent basis than is assumed for a typical residential 

exposure to soil. Consequently, the use of soil criter,ia for screening and risk estimation is likely to 

overestimate potential risks from exposure to sediment. 

7.6.2 Exposure Assessment 

This section presents the exposure assessment for SWMU 10. The general exposure assessment 

approach and the exposure factors, which serve as the basis of the risk assessment, are provided in 

Section 3.3.3. 

7.6.2.1 Conceptual Site Model 

The CSM for the Rockeye site, which defines the contaminant source, transport mechanisms, exposure 

routes, and potential receptors for the site, is presented in Figure 7-17. Based on a review of the existing 

data for the site; a release of hazardous constituents to the surrounding soil and drainageways has 

occurred as a result of historical site operations (i.e., bomb production). The historical data also indicate 

that contaminants have migrated to ground water via infiltration and percolation. Prior to installation of a 

wastewater treatment facility, sumps receiving production wastewater discharged directly to streams 

and/or tributaries of Furst, Sulphur, and Turkey Creeks. Additional release mechanisms, which are also 

expected to contribute to the contaminant transport, include discharge of ground water to surface water 
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and sediment, deposition via surface water runoff, and deposition of fugitive dust and volatile emissions to 

soils from production operations. 

Land use at Rockeye is not expected to change from its present use as a munitions production facility. 

Based on the general scenarios and receptor classes identified in Section 4.0 of the work plan, the 

following potential receptors may be exp.osed t.o c.ontaminated media at the site: 

• Trespassers (ages 6 to 17 years) - Likely receptor under future land use. This receptor may be 

exp.osed t.o p.otentially c.ontaminated surface soil, air, surface water, and sediment in tributaries of 

Furst, Sulphur, and Turkey Creeks. Because this site is active, it is unlikely that there weuld be 

. current exposure fer this recepter. 

• Maintenance Werkers - Likely recepter under current and future land use. Reckeye is currently 

maintained and this recepter may be exposed te petentially centaminated surface seiland air. 

Exp.osure te ground water at the site and surface water and sediment in the creeks is net expected te 

.occur. 

• Censtruction Workers - Potential recepter under current and future land use. Very infrequently, 

upgrading te the bending and grounding at Rockeye .occurs. This process requires excavatien. No 

censtructien activities are currently planned at the site. However, the site ceuld be develeped .or a 

small, shert-term censtructienpreject, such as a utility installati_en, ceuld result in expesure te 

potentially centaminated media. This receptor may be exposed to.surface and subsurface soil, air, 

and ground water. 

• Occupatienal Workers - Likely recept.or under current and future land use. Currently, the site is active 

and recepters may be expesed to surface seil and ·air. Exposure te surface water and sediment is net 

expected te .occur.· 

•. Recreational Users - Petential receptor under future land use .. If the Facility were to close, the mest 

likely scenarie is that the preperty weuld be converted int.o a state park. This receptor may be 

expose~ te petentially centaminated surface soil, air, surface water, and sediment in the creeks 

lecated near the site. Hewever, it is highly unlikely that NSWC Crane weuld clese because principal 

Base eperatiens, the demilitarizatien .of munitiens, are critical te suppert the U.S. Naval Fleet. 

. Table 7-19 presents a summary .of the p.otentially complete and incemplete exposure pathways f.or 

petential recepters at SWMU 10. Details regarding the assumed receptor characteristics (intake rate, 
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frequency and duration of exposure, -body weight, etc.) are defined in Section 3.3, which presents the 

. methodologies for the human health risk assessment. 

As indicated in Section 3.3.3, the following exposure pathways are evaluated in the human health risk for 

SWMU 10. 

• Ingestion of soil, sediment, ground water, and surface water 

• Dermal contact with soil, sediment, ground water, and surface water 

• Inhalation of air (transfers from soil to air) 

• Inhalation of air (transfers from ground water to air for volatiles only) 

Based on the human health risk screening presented in Table 7-13 (surface soil) and Table 7-15 

(subsurface soil), exposure via inhalation of contaminants migrating from soil to air is not expected to be a 

significant exposure pathway. Maximum site concentrations do not exceed the available U.S. EPA 

generic SSLs for transfers from soil to air. In addition, a large portion of the site is overgrown with 

vegetation, which would limit emissions and mechanical suspension of soil particulates. Because no 

VOCs were selected as COPCs in ground water, the inhalation while showering pathway is not quantified 

for hypothetical future residents in the risk assessment. 

95% UCLs were used as the EPCs for exposure to surface soil, surface/subsurface soil, ground water, 

surface water, and sediment. Maximum detected concentrations were used as EPCs for PAHs in soil 

because fewer than 10 samples were analyzed for these compounds. The EPCs for those chemicals 

identified as COPCs in surface soil, subsurface soil, ground water, surface water, and sediment at SWMU 

10 are presented in Table 7-20. 

.7.6.3 Risk Characterization 

This section contains a summary of the human health risk assessment for SWMU 10. Uncertainties 

associated with the risk estimates are discussed in Section 7.6.4. The methodology used to calculate the 

risks presented in this section is provided in Section 3.3. Quantitative risk estimates for potential human 

receptors are developed for those chemicals identified as COPCs. Potential noncarcinogenic and 

carcinogenic risks for the construction worker, maintenance worker, occupational worker; adult 

recreational user, adolescent trespasser, and future residents (adult and child) under the RME and CTE 

scenarios are summarized in Tables 7-21 and 7-22, respectively. The RAGS Part D Table 9s in Appendix 

G.3 provides the chemical-specific risks for each CO PC and the total His for affected target organs . 

Risks for each receptor are summed across all applicable exposure routes. Example risk spreadsheets 
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containing the detailed, chemical-specific risks are included in Appendix G.l. A discussion of the 

estimated noncarcinogenic and carcinogenic risks is provided in the remainder of this section. 

Noncarcinogenic Risks - RME 

Cumulative Hlsfor the maintenance worker, occupational worker, adult recreational user, and adolescent 

trespasser under the RME scenario are less than unity (1), indicating that no toxic effects are anticipated 

for these receptors under the defined exposure conditions. Cumulative, His for the construction worker, 

future adult and child resident exceed unity. 

The cumulative' HI for the construction worker is 1.6. . The major contributor to this elevated HI is 

manganese (HI = 1.5) by dermal contact with ground water. The construction worker may be exposed 

very infrequently during the upgrading to the bonding and grounding at Rockeye. Although the 

construction is expected to be exposed very infrequently, this receptor was assumed, to be exposed 

150 days per year in the risk assessment. Therefore, risks for the construction worker at Rockeye may 

be overestimated. Note that the construction worker was assumed to be exposed to tl18 maximum 

concentration detected in ground water (21,800 Ilg/L) because the 95 percerit lognormal UCL exceeded 

the maximum concentration. Manganese was detected in 15 of 17 ground water samples; the maximum 

concentration was in sample 10GWC31 P301 and the average concentration was '4,800 Ilg/L .. This 

sample also contained concentrations of calcium and magnesium, which were noticeably higher than the 

other ground water samples. 

Cumulative His for the future adult and child residents are 42 and 150 respectively. These elevated risks 

result from exposure to iron, in sediment (adult HI = 0.11, child HI = 1.0) and to explosives (adult HI = 7.0, 

child HI~ 24), iron (adult HI = 4.3, child HI = 15), manganese (adult HI = 28, child HI = 97), and nickel 

(adult HI = 0:98, child HI = 3.4) in ground water, primarily by ingestion. 

The His calculated for residential exposure scenarios are subject to the ~ollowing sources of uncertainty: 

• The calculated, risks are based on analytical results for unfiltered ground water samples. Metal 

concentrations may be elevated because of suspended particulate matter in the samples~ 

• There is uncertainty associated with the toxicity criteria used to estimate potential risks for iron. The 

NCEA provisional RfO for iron, which is based on allowable daily intakes rather than adverse effect 

levels, was used to quantify risks from, exposure to iron. Since the provisional RfD is not based on 

adverse health effects, the risks associated with iron are expect'ed to be overestimated.' 
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• The risks calculated for manganese were based on the maximum detected concentrations of 

manganese (21,800 Ilg/L) and HMX (240 Ilg/L) because the 95% UCLs on a lognormal exceeded the 

maximum. It is likely that the risks from HMX and manganese in ground water are overestimated by 

assuming that hypothetical future residents are exposed to the maximum concentration for a lifetime. 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

.domestic drinking water. However, because of the shallow depth to ground water, it is unlikely that 

grouhd water atthe site would be used as a source of potable water in the future. 

. . 
• Residential risks from sediment are based on the assumption that hypothetical future residents would 

• 

be exposed to sediment 350 days a year for 30 years. This assumption overestimates risks because 

a human receptor would be exposed to the sedimenf on a less frequent basis than is assumed for a 

typical residential exposure to .soil. Risks for the more reasonable exposure scenarios (i.e., the 

adolescent trespasser and the adult recreational user) were within U.S. EPA's target risk range. 

No ch~micals in surface water and sediment were eliminated from the quantitati~e risk assessment 
I . . 

on the basis of background because appropriate upgradient locations could not be determined for 
I .. 

. these media.at SWMU 10. 

The His associated with direct exposure to other media at the site are minimal for all receptors (i.e., His are 

less than unity). 

Carcinogenic Risks 

Cumulative ILCRsfor the construction worker and maintenance worker are less than U.S. EPA target risk 

range, 1 X 10.6 to 1 X 10.4• Risks for the occupational worker, adult recreational worker, and adolescent 

trespasser are within the U.S. EPA's target range. The total residential ILeR (adult + child) is 3.5x10-4 

which exceeds the target risk range. 

The elevated carcinogenic risks for residents are primarily a result of exposure to explosives (primarily RDX) 

. 'and arsenic in ground water (by ingestion). Explosives account for 57 percent of the calculated total 

carcinogenic risk, and arsenic accounts for approximately 32 percent of the total carcinogenic risk. 

\ 

The carcinogenic risks calculated for residential exposure to ground water are subject to the following 

sources of uncertainty: 
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Arsenic was detected in nine of 17 ground water samples at SWMU 10 at a maximum concentration . 

of 5.1 Ilg/l. This concentration is less than the current MCl for arsenic (50 Ilg/l) and the recently 

. proposed MCl (10 Ilg/l) .. In addition, the concentrations of arsenic in a number of ground water 
o 

samples were less than the detection limit for the upgradient well. Consequently, the concentrations 

of arsenic in ground water at the site may be within naturally occurring levels. In addition, 

carcinogenic risks from exposure to arsenic may be overestimated based on the body's ~bility to 

metabolize arsenic (see Section 7.6.4.5). 

• The residential ground water scenario assumes that ground water at the site is used as a source of 

domestic drinking water. However, because of the shallow depth to ground water, it is unlikely that 

ground water at the site would be used as a source of potable water in the future. 

The carcinogenic risks associated with exposure to other media at the site are minimal for all receptors (i.e., 

·llCRs are less than or within the U.S. EPA target risk range). 

The significant sources of uncertainty are further discussed in Section .7.6.4 . 

7.6.3.1 CTE Evaluation 

As discussed in Section 3.3.2.2, an evaluation of the potential risks associated with the CTE scenario is 

included to provide a measure of the central or average case exposure. Summaries of the estimated 

risks for the CTE scenarios are contained in Table 7-22. 

Cumulative His for the maintenance worker, adult recreational user, occupational worker, and adolescent. 

trespasser under the CTE scenario are less than unity (1 }, indicating that notoxic effects are anticipated 

for these· receptors under the CTE exposure conditions. Cumulative His for future construction workers, 

adult residents, and child· residents exceed unity. The cumulative His for the CTE for the construction 

worker, future adult, and child residents are 1.1, 28, and 63, respectively. These elevated risks result 

from exposure to explosives, iron, manganese, and nickelin ground water. 

Cumulative IlCRs for the construction worker, maintenance worker, adult recreational user, occupational 

worker, and adolescent trespasser are less than the U.S. EpA target risk range, 1 x1 0-6 to 1 x1Q-4, and 

IlCRs for future residents (adult + child) were within the target risk range . 
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7.6.3.2 Evaluation of Chemicals Eliminated on the Basis of Background Comparison 

This following chemicals were eliminated as COPCs solely on the basis of comparison to background. 

Surface chemicals eliminated on the basis of background: AI, As, Fe, Mn. 

Subsurface soils eliminated on the basis of background: AI, As, Fe, Mn. 

Ground water: None. 

·Surface water: None. 

Sediment: None. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Background Comparison. 

Aluminum, arsenic, iron, and manganese were detected in soils and/or sediments at concentrations 

exceeding the conservative screening levels established for COPC selection but were not selected as 

COPCs because study area concentrations did not exceed background concentrations. The following 

table provides a qualitative risk evaluation of these. metals by comparing the maximum detected 
: 

concentrations to the EPA Region 9 PRGs for residential and industrial soil exposure. 

Parameter Surface Soil Subsurface .Sediment Region 9 Region 9 Literature 
Concentration Soil Concentration Residential Industrial Background 

(mglkg) Concentration (mglkg) (mglkg) PRG (mglkg) 
(mglkg) (mglkg) 

Aluminum 12,200 12,200 76,000 100,000 10,000 - 300,000 

Arsenic 9.3 12.2 0.39 1.6 0.1 - 97 

Iron ·26,500 36,600 23,000 100,000 7,000 - 555,000 

. Manganese 674 1,260 1,800 19,000 100 - 4,000 

The PRGs presented for aluminum, iron, and manganese are based on the potential for non-cancer 

health effects (the values are 10 times the COPC screening levels used in'this HHRA). The maximum 

. detected concentration of aluminum is approximately one-sixth the relevant residential PRG, and one

eighth the relevant industrial PRG. However, based on toxicity information provided by EPA Region 1, 

the Region 9 PRG for aluminum is very conservative and may over predict the potential for 'non-cancer 

effects. The maximum detected concentration of manganese is approximately two-thirds the relevant 
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residential PRG, arid one-fifteenth of the relevant industrial PRG. The maximum concentration of iron 

does exceed the PRG; however, the PRG for iron is actually based on a recommended daily intake for 

'iron. Consequently, an exceedance of the PRG for iron·is nota definitive indication of the potential for 

adverse non-cancer health effects. The PRG presented for arsenic is based on the, potential for cancer 

effects and represent the 1 x10-6 (one:in-one-million) 'cancer risk level (the values are the COpe 

screening levels used in this HHRA). PRGs representing the 1 x10-5 and 1 x10-4 cancer risk levels would 

, be 10 and 100 times the values presented for the 1 x10-6 cancer risk level. Consequently, the maximum 

detected concentration of arsenic e"xceeds the 1 x10-6 and 1 x10-5 cancer risk levels, but not the1 x10-4 

. .' . 
'risk level. Additionally, as indicated above, the metals concentrations reported in the soils and sediments 

are within the background range reported in the literature~ 

No metals in ground water or sur,face water were' eliminated as COPCs on the basis of background 

because the study area concentrations did not exceed background levels. 

7.7 ECOLOGICAL RISK ASSESSMENT 

7.7.1 Site Description 

Section 1.0 of this report presents the site background, site layout, and a general site descripti()n. The 

following text discusses the site description as it pertains to the ecological habitat at the site. 

SWMU 10, Rockeye, consists of approximately 10 acres located on a flattened ridge that separates 

Sulphur and Bo'ggs Creeks. No trees are located on SWMU 10 (Schuman, et al.), but nearby stands 

consist mainly of oaks and poplars. To the north of the site, pignut hickory and shagbark hickory (Carya 

spp.) , black oak (Quercus velutina) , chestnut oak and red oak (Quercus spp.) , scarlet oak (Quercus . 
coccinea) , white ,oak (Quercus alba), and yellow poplar (Liriodendron tulipifera.) dominate the landscape. 

To the south,maple, white oak, black oak, pine, hickory, and yellow poplar are present. 

As discussed in Section 7.3.1, the drainage ditChes adjacent to the site ultimately lead to streams that, 

discharge into either Sulphur Creek or Turkey Creek. In October 1997, a fish inventory was performed on 

Boggs, Furst, Turkey, Seed Tick, and Sulphur Creeks. Boggs Creek had 29 speCies, Turkey Creek had 

16 species, Furst Creek had 20 species, and Lake Greenwood had 13 species. Boggs Creek has a small ' 

'watershed; ponds within the watershed are stocked annually with largE;lmouth bass (Micropterus 
. -' . 

salrilOides),blu,egili sunfish (Leopomis macrochirus) , redear sunfish (Etheostoma whipplel) , and golden 

, shiners (Notemigonus crysoleucus). Also in this area, a single male, Indiana bat, an endangered spedes, 

was captured along the Little Sulphur and FurstCreeks (Brent, personal comm). 
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The waterbodies at $WMU 10 eventually discharge to either Sulphur Creek or Turkey Creek because, 

BWMU ·10 is located atop, a ridge. The Sulphur Creek-Little Sulphur Creek waterbody segment 

designated state water uses are aquatic life support, fish consumption, and primary contact. This 

waterbody segment was assessed as part of the 2004 Indiana Integrated Water Quality Monitoring and 

Assessment Report to determine if the waterbody was supporting those !Jses (IDEM, 2004). The Sulphur 

Creek-Little Sulphur Creek waterbody segment is fully supporting the aquatic life support and primary 

contact water uses; it was not assessed for the fish consumption water use (IDEM, 2004). The Turkey 

Creek waterbody segment was included in the IDEM Assessment Report but was not assessed because 

insufficient data or no data was available to determine a designated use. 

Sulphur Creek discharges off-site to the East Fork of the White River . .Turkey Creek discharges to Boggs 

Creek which also discharges off-site to the East Fork of the White River. River otters, a state endangered 

species, are being reintroduced to Indiana. The otters are expanding from their original release sites into 

other watersheds including the East Fork of the White River (IDFW, 2000). Also, the East Fork of the 

White River is the site for an ongoing study of lake sturgeon popula!jons, another state endangered 

species (IDFW, 2000). Finally, spotted darters, a state endangered species, has been found in the East 

Fork of the White River (IDFW, 2000). Note that other threatened, endangered, or special concern 

species also may be present in the water bbdies just off-site of Crane, as well. 

7.7.2 Potential Ecological Receptors and Exposure Pathways 

Based on the above description of the site and potential contaminant migration pathways, ecological 

receptors could be directly exposed to chemicals in the surface water and surface soil (Le., plant and soil 

invertebrates) and indirectly via the food chain (Le., through the ingestion of plants and invertebrates). 

Figure 7-18 presents the conceptual site model for SWMU 10. Additionally, ecological receptors (Le., 

aquatic invertebrates) could be exposed to chemicals in the surface water and sediment in the stream. 

The following assessment endpoints (and surrogate wildlife species where applicable) were selected for 

this site: 

• Soil invertebrates 

'. Terrestrial vegetation 

• Benthic invertebrates 

• . Fish 

• Soil invertebrate-eating mammal (short-tailed shrew) 

• Herbivorous mammal (meadow vole) 
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• Invertebrate-eating bird (American robin) 

• Herbivorous bird (bobwhite quail) 

• Aquatic invertebrate-eating mammal (little brown bat) 

• Piscivorous mammal (raccoon) 

• Piscivorous bird (belted Kingfisher) 
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. Although piscivorous mammals and birds were included as assessment endpoints, the actual exposure to 

site chemicai~ is expected to be low. Jhe drainageways by the site are small and shallow and unlikely to 

$ustain large fish populations. The measurement endpoints. for each of these assessment endpoints are. 

presented in Section 3.4. 

7.7.3 Sampling Investigation and Results 

A total'of 10 surface soil locations (Figures 7-12 and 7-13), six sediment locations (Figure 7-16), and six 

surface water locations (Figure 7-15) were sampled' at the site and were evaluated as part of the SERA. 

. . 
Section 7.4 of this report discusses the analytical results and the nature and extent of contamination for 

the site. In summary, SVQCs, energetics, and/or inorganic chemicals are detected in the soil, sediment, 
. . 

. and surface water. Note that no upgradient surface water a:nd sediment locations were identified at this 

SWMU because the SWMU is the high point of the general area and the local tributaries originate from 

the'SWMU. 

7.7.4 Ecological Screening 

. This section contains the, ecological risk screening evaluation that was conducted for the chemicals 

detected in the surface soil, sediment, and surface water samples. The general methodologies used for 

the exposure assessment and risk characterization are discussed In Section 3.4 of this report .. The 

EDQLs used for screening are presented'in Tables 3-14 and 3-15. 

7.7.4.1 Surface Soil 

Table 7-24 is the screening table for plants, invertebrates, and terrestrial wildlife exposed to chemicals 

detected in the surface soil samples. In addition to summary statistics (e.g., frequency of detection), the 

table also includes a comparison to oil background values for inorganics, which are used to select 

COPCs. Thirteen SVOCs, four .energetics, and 18inotganic chemicals are detected in the surface soil 

samples. 
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All energetics are retained as COPCs because there are no surface soil COPC screening levels available 

for these chemicals. Arsenic, barium, cadmium, chromium, cobalt, copper, lead, nickel, vanadium, and 

zinc are not retained as COPCs, even though their maximum concentrations exceed their respective 

. surface soil COPC screening levels. This is because the chemical concentrations in the site samples 

were not statistically determined to be greater that background concentrations. 

7.7.4.2 Sediment 

Table 7-25 is the screening table for aquatic receptors and piscivorous wildlife exposed to chemicals 

,detected in the sediment. One energetic and 18 inorganics are detected in the sediment samples. 

HMX and.seven inorganic chemicals inCluding aluminum, ,antimony, barium, beiyllium, iron, manganese, 

and vanadium are retained as COPCs because no sediment COPC screening levels are available for 

these chemicals. Arsenic, cadmium, chromium, cobalt, copper, lead, nickel, and zinc are retained as 

COPCs because the maximum concentrati~ns exceed their respeCtive sedimentCOPC screening level. 

7.7.4.3 Surface Water 

Table 7-26 is the surface water screening table for aquatic receptors. Five energetics, 10 inorganic 

chemicals (in unfiltered samples), and nine inorganic chemicals (in filtered samples) are detected in the 

surface water samples. All energetics, aluminum, iron, and manganese are retained as COPCs beca~se 
no surface water eope screening levels are available for these chemicals. Zinc is retained as a cope 
because the maximum concentration exceeds the surface water cope screening level. 

7.7.5 Scientific/Management Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risk~. The SERA is 

concluded by a Scientific/Management Decision Point (SMDP) at which point one of the following 

decisions is made (DON, 1999): 

(1) Adequate information exists to conclude that ecological threats at a site are negligible; no further 

evaluations of ecological risks are necessary. 
/' 

(2) Adequate information exists and there is a potential for adverse ecological eHects. In this case, the 

decision can be to either conduct an interim cleanup (if cost-eHective to do. so) or continue to Step 3. 
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Included in the decisions listed above is an evaluati.on of the adequacy of the.available information on 

which the decisions are based. Questions answered during this evaluation include the following: 

,-l 

• Were adequate numbers of. samples collected in the appropriate locations? 

• -Were the samples analyzed for the appropriate parameters and was the data of sufficient quality for 

use in a risk assessment? 

This section of the ERA describes whether or not the collected data are adequate for making ecological 
. , 

risk decisions for SWMU 10. Section 7.4 of this report presents the nature and extent of contamination at 

'SWMU 10. 

SWMU 10 (Rockeye) is 10 acres in size and is located on a flattened ridgecrest that separates Sulphur 

. Creek and Boggs 'Creek in the north central portion of the Base. The SWMU is located adjacent to 

Highway 45. The site map for SWMU 10, Rockeye is presented as Figure 7-1. Hockeye is located on a 

topographic ridge with ground surface elevations at approximately 815 feet. The SWMU rests on a major 

north-south drainage divide .. Drainage northeast of the divide ultimately flows toward Sulphur Creek and 

drainage southwest of the divide flows toward Turkey Creek. Several manmade drainage ditches convey 

stormwater away from the SWMU. These ditches typically run along the SWMU access roads, trending in 

a northwest-southeast pattern. Flow in the ditches follows the regional surface water divide patterns as 

dictated by topography, and ultin-lately lead to streams that discharge into either Sulphur Creek or Turkey 

Creek. 

SWMU 10 is an operational ammunitions facility. Historically, large volumes of explosive-contaminated 

. wastewater generated during production were collected in sumps surrounding the buildings at the site. 

Prior to 1978, the wastewater was discharged via drainage pipes to the local intermittent tributaries 

located near the site. On the northern and eastern sides of the production facility, the wastewater was. 

released to tributaries of Sulphur Creek, on the southern side the water was released to Turkey Creek, 

and on the western side the water was released to a tributary of Furst Creek. Building 3044 was 

constructed in 1978 as an activated carbon water treatment facility to purify the wastewater previously 

released to surrounding creek systems. With the installation of Building .3044, the release of explosive

'contaminated waters has been eliminated. 

7.7.5.1· Surface Soil 

10 surface soil samples were collected at SWMU 10 and analyze~ for Appendix IX explosives, TAL 

metals (plus tin), and cyanide. In addition, one surface soil sample (10SB030002) was analyzed for 
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Appendix IX SVOCs. Figures 7-10 and 7-11 are tag maps that depicting analytical data for SWMU 10. 

Table 7-2 presents a summary of the results reported for compounds detected in the surface soil samples 

'collected from SWMU 10 and Table 7-24 is the ecological risk screening table. Thirteen SVOCs, four 

explosives, and 18 inorganics were detected in surface soil samples. Of these, only the four explosives 

were retained as COPCs. COPCs considered bioaccumulative (U.S. EPA, 2000) were retained for food

chain modeling (see Table 7-27). 2,4,6-TNT, 2-amino-4,6-dinitrotoluene, and ROX were detected 

relatively infrequently at 1 of 10, 1 of 10, and 2 of 10 samples collected, respectively. HMX was 

encountered more frequently in half of the samples collected. Because SWMU 10 is an active munitions 

production area and detections of these explosives are likely attributable to site activities, potential risks 

to ecological receptors will be further evaluated in Step 3a of the BERA. 

7.7.5.2 Sediment/Surface Water 

To assess potential risks associated with migration of chemicals from groundwater and soil to surface 

water and sediment, surface water and sediment samples were collected from 12 locations. , 

. 7.7.5.2.1 Sediment 

Results from the analysis of the 12 sediment samples are displayed spatially on Figure 7-16. Table 7-10 

presents the summary of positive sediment analytical results and Table 7-25 is the ecological risk 

screening table for sediment. One explosive and 18 inorganics were detected in SWMU 10 sediment 

samples. Of these, one explosive and 15 inorganics were retained as COPCs. COPCs considered 
, 

bioaccumulative (U.S. EPA, 2000) were retained fo(' food-chain modeling (see Table 7-27). HMX, 

aluminum, antimony, barium, beryllium, iron, manganese, and vanadium were retained as COPCs 

because EOQLs were not available for comparison. Arsenic, cadmium, chromium, cobalt, copper, lead, 

nickel, and zinc were retained as COPCs because their maximum detected concentrations exceeded the 

EOQL. HMX was the only detected explosive in SWMU 10 sediment samples and was detected in only 

one of 12 samples collected (sample location 10S007 located just north of the SWMU boundary in a 

tributary of Sulphur Creek). Sample 10S0070006 was collected at the location of the historic pink water 

discharge. HMX was also detected in the surface water sample collected from this same location. 

Maximum concentrations for different chemicals were found in different samples indicating no clear 

pattern of contamination. EEQs for inorganics exceeding the EOQLs ranged from 1.04 t9 5.8 (see Table 

7 -25), and for this reason will be further evaluated in Step 3a of the BERA. 
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, Surface water results are presented on Figure 7-15. Table 7-8 presents the summary of positive surface 

water analytical results and Table 7-26 is the ecological risk screening table fbr surface water. Five 

, explosives, ten inorganics (in unfiltered samples), and nine inorganics (in filtered samples) were detected 

in SMWU 10 surface water samples. Of these, five explosives, four inorganics in unfiltered samples, and 

three inorganics in filtered samples were retained as COPCs. COPCs considered bioaccumulative (U.S. 

EPA, 2000) were retained for food-chain modeling (see Table 7-27). All five explosives, aluminum, iron, 
, ' 

" and manganese were retained as COPCs because EDQLs were not available for comparison. Zinc was ' 

, retained as a COPC because the maximum concentrations exceeded the EDQL. EEQs for zinc are 1.9 

and 1.73 for unfiltered and filtered samples, respectively. The explosives were detected in several 

samples with maximum concentrations primarily at sample location 10SW07. This sample was collected 

in an area of ,a historic pooled pink discharge. Aluminum, iron, and manganese were'detected frequently 

in both unfiltered and filtered samples. Zinc was detected relatively infrequently in two of the 12 samples 

collected. Maximum concentrations of most inorganics are found at locations 10SW09 and fosw 11. 

These locations are within tributaries west and south of: the SWMU. Due to the lack of EDQLs for 

explosives, aluminum, iron, and manganese, and because the maximum zinc concentration exceeded its 

EDQL, explosives and inorganics will be further evaluated in Step 3a of the BERA. 

7.7.5.3 Summary 

In summary, a SERA was performed for SWMU 10. Based on the results of the collected data, adequate 

information exists to determine that potential risks are possible to receptors from exposure to the selected 

,COPCs. Additionally, the samples were collected from areas where the contamination, if present, would 

, be detected. Therefore, the ,SERA is advancing to the Step 3a of the BERA - the refinement of the site 

related COPCs. 

7.7.6 Step 3a Refinement 

, , , 

Subsequent to the initial screening, other factors are considered to further refine COPCs.· These factors 

include food chain modeling, habitat quality, area use factors, toxicological evaluation of COPCs, 

frequency of detection, background concentrations, and comparisons of COPCs to alternate 

benchmarks/toxicity (U.S. EPA, June 1997; and 2001; Navy, April 1999). Section 3.4.4 presents the 

methodologies used to further evaluate risks to ecological receptors in Step 3a. 

, Food chain modeling is conducted to i'nvestigate potential risks to representative receptors from ingested 

doses of COPCs that are known to bioaccumulate or biomi:lgnify. The methods used to model the doses 
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that representative receptors could receive, as well as the selection of TRVs and the calculation sheets 

for the food chain model, are described and presented in Section 3.4.4.2 and Appendix H. The 

assessment endpoints associated with food chain modeling are the protection of ecological receptors 

from adverse effects of COPCs on growth, survival, and reproduction. The associated measurement 

endpoints are doses of COPCs associated with adverse effects on growth, survival, and reproduction of 

these receptor groups. 

Concentrations of COPCs are compared to alternate (usually less con~ervative) guidelines in Step 3A of 

this assessment. These alternate guidelines are presented in Tables 7-28 (surface soil), 7-29 (sediment) 

7-30 (surface water), and 7-35 (terrestrial food chain modeling) along with the Step 3a evaluation. 

7.7.6.1 Risks to Terrestrial Plants, Terrestrial and Sediment Invertebrates 

Potential risks to terrestrial plants, terrestrial and aquatic invertebrates, and fish from exposure to COPCs 

were evaluated using the methodologies described in Section 3.4.4. The following subsections discuss 

whether the chemicals initially selected as COPCs should be retained for further evaluation of risks to soil 

invertebrates and terrestrial vegetation (Section 7.7.6.1.1) and benthic invertebrates (Section 7.7.6.1.2) . 

7.7.6.1.1 Terrestrial Plants and Invertebrates - Surface Soil Risk 

Risks to terrestrial plants and invertebrates resulting from exposure to the COPCs in surface soil are 

evaluated using the methodologies described in Section 3.4.4. Table 7-28 presents a summary of some 

of the common alternate benchmarks available for surface soil COPCs, along with a summary of the Step 

3a evaluation. The toxicological basis of the alternate benchmarks is presented below. As presented in 

Table 7-24, several chemicals were detected at concentrations exceeding screening levels (or screening 

levels were not available) but were eliminated as COPCs because they were not detected at 

. ;concentrations greater than background concentrations. For soil, these chemicals included the detected 

metals (aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, 

manganese, mercury, nickel, vanadium, and zinc). Therefore,. risks to these chemicals were not 

evaluated in the ERA, however, any risks would be within background risks and not related to site 

activities. 

2,4,6-Trinitrotoluene 

2,4,6-Trinitrotoluene (TNT) was initially selected as a CO PC because a Region 5 screening level is not 

available. The following toxicity information for TNT was located in the literature: 
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Plants - 30 mg/kg (Talmage et aI., 1999) 

Soil invertebrates (earthworms) -140 mg/kg (Talmage et aI., 1999) 
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The plant benchmark of 30 mg/kg from Talmage et al. (1999) is based on a study in which a reduction in 

,:plant height of 25 percent was observed in soil. with' 30 mg/kg TNT [Lowest Observed Effect 

Concentration (LOEC)] but not in soil with 10 mg/kg TNT [No Observed Effect Concentration (NOEC)] . 

. The soil earthworm concentration of 140 mg/kg is recorded as a LOEC based on sublethal endpoint of 

weight loss; the NOEC from the same study was 110 mg/kg (Talmage et aI., 1999) 

TNT was detected in one of 10 surface soil samples collected at SWMU. 10 at a concentration of 

0.53 mg/kg in sample 10SB030002-REM. The maximum detected concentration is well below the 

NOECs for plants and invertebrates so impacts to thos~ receptors are not likely. Therefore: risks to 

. plants and soil invertebrates from TNT are acceptable and TNT is not retained as a COPC for risks to 

plants and soil invertebrates. Although, TNT is not considered a bioaccumulativ9 chemical, risks to 

piscivorous wildlife are evaluated in Section 7.7.6.3 of this ERA to' be conservative . 

. 2-amino-4,6-dinitrotoluene 

2-amino-4,6-dinitrotoluene . (2-ADNT) was initially selected as a COPC because a Region 5 screening 

level is not available. The following toxicity information for 2-ADNT was located in the literature: 

• Plants - 80 mg/kg (Talmage et aI., 1999) 
. . . 

• Soil microbial processes - 80 mg(kg (Talmage et aI., 1999) 

The plant value is based on a study in which soil amended with 80 mg/kg of 2-ADNT was not toxic to 

yellow nutsedge over a 42 day period (Talmage et aI., .1999) No studies based on toxicity of 2-ADNT 

were located, but a soil microbial processes value of 80 mg/kg was reported as nontoxic (Talmage et aI., 

1999). However, Talmage et aI., (1999) indicated that confidence in this value is low and the value 

. unlikely to be conservative because the organisms were probably acclimated to. the test compound.' 

2-ADNT was detected in one of 10 samples collected at SWMU 10 at a concemration of 0.53 mglkg 

(location 10S809): The single detected concentration of 2-ADNT is over 100 times less than the toxicity 

,values presented above so 2-ADNT is unlikely to impact plants or invertebrates atSWMU 10. Therefore, 

. risks to plants and earthworms are acceptable so 2-ADNTis not retained as a COPC for risks to plants 

and .invertebrates. Although, 2-ADNT is not considered a bioaccumulative chemical, risks to piscivorous 

wildlife are evaluated in Section 7.7.6.3 of this ERA to be conservative . 
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HMX 

HMX was initially selected as a COPC because a Region 5 screening level is not available. The following 

toxicity information for HMX was located: 

• LOEC (280 mg/kg) for earthworm reproduction (Robidoux et aL, 2001) 

The LOEC was based on the number of juveniles hatching per cocoon being significantly reduced by 

:HMX at 280 mg/kg in soil; a NOEC was not generated from the study (Robidoux et aL, 2001). ' Also,_,a 

significant reduction in productivity of cocoons and juveniles as well as total biomass of juveniles were 
, , 

significantly reduced by HMX at >280 mg/kg in soil (Robidoux et aL, 2001). HMX was detected in 5 oUhe 

10 samples collected at SWMU 10 with the maximum HMX concentration of 55 mg/kg detected at ' 

location10SB05. This location is in the middle of the site in the industrial area with many buildings and 

roadways and as such, has little ecological habitat (see Figures 1-14 and 7-1Q). The field sheet for the 

sample from this location described the soil as, a silty clay with gravel and sand, which further supports 

the fact that the area is poor habitat for ecological receptors., The four other samples with HMX 

detections also were located in the industrial area, and the maximum detected concentration in these' 

" samples was 5 mg/kg(see Figure 7-10). Because significant effects are associated with the LOEC of 

280 mg/kg and a NOEC was not available, a concentration of HMX in the soil of 55 mg/kg could impacts 

invertebrates. It is less likely that concentrations of 5 mg/kg or less would impact invertebrates because 

they are over 10 times less that the LOEC. However, because the detection of 55 mg/kg is in a 

industrialized area where invertebrates either would not be present, or where their presence is not 

ecologically'significant (i.e., wildlife would not be feeding in this area), risks to invertebrates are 

acceptable. 

No toxicological data for plants could be located. However, the only detections of HMX were in the 

industrialized area where plants would not be expected based on the habitat. The areas surrounding 

SWMU 10 'boundaries are heavily vegetated (see Figure 1-14), so it does not appear that HMx is 

significantly impacting' plants areas where terrestrial vegetation habitat exists. ' 

In summary, risks to invertebrates and plants at the site from HMX in the soil are acceptable so HMX is 

not reta'ined as a COPC for risks to plants and invertebrates. Alth.ough, HMX is not considered a , 

bioaccumulative chemical, risks to piscivorous wildlife are evaluated in Section 7.7.6.3 of this ERA to be 
I 

conservative. 
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RDX was initially selected as a COPC because a Region 5 screening level is not available. The following 

toxicity information for RDX was located: 

• Plants -100 mg/kg (Talmage et aI., 1999) 

• LOEC (95 mg/kg) for earthworm reproduction (Robidoux et aI., 2000) 

'The plant benchmcark of 100 mg/kg from Talmage et al. (1999) is from a study in which an RDX 

concentration of 100 mglkg significantly reduced the biomass of cucumber plants. RDX was detected in 

2:of the 10 samples collected .at SWMU 10. The maximum RDX concentration of 8 mg/kg was detected 

at location 1 OSB03.Although significant effects are associated with the LOEC of 100 mg/kg and a NOEC 

was not available, a concentration of RDX in the soil of 8 mg/kg is unlikely to impacts invertebrates, 

because it is over 10 times less than the LOEC. Also, as discussed above for HMX, the locations of the 

two RDX detections were in the industrialized area where habitat for plants is poor (see Figure 7-10). The 

areas surrounding SWMU 10 boundaries are heavily Vegetated (see Figure 1-14), so it does not appear 

that RDX is not significantly impacting plants areas where terrestrial vegetation habitat exists . 

. . 
The LOEC was based on the productivity of juveniles (total number of juveniles, biomass, number of 

juveniles per hatched cocoon) being significantly reduced by RDX at 95 mg/kg in soil;. a NOEC was not 
. . 

generated from the study (Robidoux et aI., 2000). RDX was detected in 2 of the 10 samples collected at 

SWMU 10 with the maximum RDX concentration of 8.0 mg/kg detected at location 10SB03. This location 

is in the middle of the site, an industrial area with many buildings and roadways, and as such, has little 

ecological habitat (see Figures 1-14 and 7-10). The field sheet for the sample from this location 

described the soil as fill (silty clay with some gravel) which further supports the fact that the area is poor 

habitat for ecological receptors. The other sample with an RDX detection (1.6 mg/kg) also was located in . 

the industrial area (see Figure 7-10). Although Significant effects are associated with the LOEC of 

95 mg/kg and a NOEC was not available, a concentration of RDX in the soil of 8 mg/kg is unlikely to 

impacts invertebrates, because it is over 10 times less than the LOEC. Also, the two detections of RDX 

.. are in the industriali~ed area where invertebrates either would not be present, or where their presence is 

not ecologically significant (i.e., wildlife would· not .be feeding in this area). Therefore, risks to 

invertebrates are acceptable from RDX in the soil. 

In summary, risks to invertebrates and plants at the site from RDX in the soil are acceptable; RDX is not 

retained as a COPC for risks to plants and invertebrates. Although, RDX is not considered a 
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bioaccumulative chemical, risks to piscivorous wildlife are evaluated in Section 7.7.6.3 of this ERA to be 

conservative. 

7.7.6.1.2 Sediment 

Table 7-29 presents a summary of the common alternate benchmarks used in refining the list of COPCs 

in sediment, along with a summary of the Step 3a evaluation. As noted in Table 7-25, no obvious 

upgradient sediment samples were collected at SWMU 10. 

HMX . 

HMX was initially selected as a COPC because no Region 5 screening level is available. It was detected 

in one sediment sample at a concentration of 51 mg/kg (in sample 10S007006), but it was not detected in 

the downstream sample (10S004006) from the same water body. In a study by Steevens et aI., (2002), 

HMX did not have a significant effect on survival of Chironomus tentans at a measured concentration of 

146 mg/kg in sediment, or a significant effect on survival of Hya/el/e azteca at a measured concentration . 
of 126 mg/kg in sediment. Because the maximum detection of HMX in the sediment at SWMU 10 is less 

than these values, significant impacts to benthic invertebrates from HMX in the sediment are not 

expected. Therefore, risks to sediment invertebrates from HMX in the sediment are acceptable so HMX 

is not retained as a COPC for risks to these receptors. Although, HMX is not considered a 

bioaccumulative chemical, risks to piscivorous wildlife are evaluated in Section 7.7.6.3 of this ERA to be 

conservative. 

Aluminum' 

. Aluminum was initially selected as a COPC because a Region 5 screening level is not available. The 

alternate benchmark selected for aluminum is. the Threshold-Effects Level (TEL) of 25,500 mg/kg 

(Buchman, 1999). The TEL represents the concentration below which adverse effects on survival or 

growth of the amphipod Hyalella azteca are expected to occur only rarely in 28 day tests (MacDonald et 

aI., 2000). The maximum aluminum concentration (9,190 mg/kg) at location 10S008 is below the TEL. 

Therefore, risks to sediment dwelling invertebrates are acceptable; aluminum is not retained as a COPC 

for risks to sediment invertebrates. 

'Antimony 

Antimo~y was initially selected as a CO PC because a Region 5 screening level is not available. The 

alternate benchmark selected for antimony is the Effects Range-Low (ER-L) of 2 mg/kg (Long and 

110110/P 7-48 CT00010 

• 

• 

• 



• 

• 

• 

NSWCCrane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 4 
Date: July 2005 

Section: 7 
Page 49 of 68 

Morgan., .1991). The ER-L values were developed by first ranking the chemical concentrations in 

sediment associated with adverse effects by ascending concentrations then thelowerlOlhpercentile of 

. the data was selected as the ER-L. The ER-L represents the low end of the range of concentrations at 

which effects were observed or predicted. The maximum antimony concentration (2.2 mg/kg) at location 

10SD05 is only slightly greater than the ER-L; all other sample concentrations were less than the ER-L. 

Therefore, impacts to benthic invertebrates from antimony in the sediment are unlikely so risks to 

sediment dwelling invertebrates are acceptable; antimony is not retained as a. COPC for risks to 

sediment invertebrates. Note that there is some uncertainty in using these benchmarks to evaluate risks 

tosediment dwelling invertebrates at SW MU 10 because toxicity data from saltwater studies were used to 

develop the ER-L. 

Arsenic 

Arsenic was initially selected as a COPC because the maximum detected sediment concentration. 

(34.2mg/kg) in sample 1 OS D040006 exceeded the Region 5 screening level of 5.9 mg/kg. However, the 
. . 

most recent EDOL (U.S. EPA, 2003) is based on the C~nsensus-based Threshold Effect Concentration 

(TEC) and is therefore a more appropriate value for comparing the maximum arsenic concentration: 

• Consensus-based TEC - 9.79 mg/kg (MacDonald et aL, 2000) 

.; Consensus-based Probable Effect Concentration (PEC) - 33 mg/kg(MacDonald etaL, 2000) 

The consensus-based TEC is the geometric mean of the threshold effect level (TEL; Smith et aL, 1996), 

effect range low value (ER-L; Long and Morgan, 1991), lowest effect level (LEL; Persaud et aL, 1993), 

minimal effect threshold (MET; EC and MENVIO, 1992), and sediment quality advisory levels (SOALs; 

U.S. EPA, 1997) for arsenic. These individual effect levels for each of the: studies cited above were 

calcuJated using slightly different methods, but they all represent concentrations below which impacts to 

sediment invertebrates are either unlikely or not expected.' For that reason, the consensus-based TEC is 

intended to identify contaminant concentrations below which harmful effects· on sediment dwelling 

organisms are not expected. The maximum arsenic .concentration is greater than the consEmsus~based 

TEC and therefore, was compared to the consensus-based PEC to provide an estimate of the overall risk 

range. The PEC was deriveds'imilarly to the TEC but is the geometric mean of the probable effect levels 

(PELs; Smith et aL, 1996), effe~t range median values (ER-Ms; Long and Morgan,1991), severe effect 

levels (SELs; Persaud et aL, 1993) and Toxic Effect Thresholds (TETs; EC and MENVIO; 1992). The 

PEC is the level above which harmful effects on sediment dwelling organisms are expected to frequently 

occur (MacDonald, et aL, 2000). The maximum concentration is slightly greater than the PEC . 
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The most likely source of metals in sediment is surface soil run-off from SWMU 10, because the 

headwaters of all the tributaries originate at SWMU 10 (see Figure 7-16). Therefore, because arsenic 

concentrations in the surface soil samples are within background concentrations (see Section 7.7.6.1.1) 

and are not site-related, it is likely that the arsenic in the sediment is not site related. 

In summary, one arsenic detection is greater than the PEC, while all other detections were either less 

than the PEC or less than the TEC. At the locations where the arsenic concentration is less than the 

TEC, risks to invertebrates are unlikely. At the locations where the arsenic concentrations are between 

the TEC and PEC (1 OSD01; -05, -08, -12) impacts to benthic invertebrates are possible, and at .Iocations 

where arsenic concentrations are greater than the PEC (10SD04), impacts to benthic invertebrates are 

probable. Therefore, although it is possible that the arsenic concentrations in the sediment are adversely. 

impacting benthic invertebrates at some locations, the arsenic in the sediment does not appear to be 

related to site activities. For that reason, site-related risks to benthic invertebrates from arsenic are 

acceptable so arsenic is not retained as a COPC for risks to sediment dwelling invertebrates. Because 

arsenic is a bioaccumulative chemical, r·isks to piscivorous wildlife from arsenic are evaluated in Section 

7.7.6.3 of this ERA. 

Barium 

Barium was initially. selected as a COPC because a Region 5 screening level is not available. The only 

·toxicity data available for barium )n sediment is an Apparent Effects Threshold (AET) value of 48 mg/kg 

(Buchman, September 1999), which is based on marine organisms. Because the AET is a concentration 

. above which, adverse impacts to sediment invertebrates are always expected, risks to sediment 

invertebrates exposed to barium c;tt concentrations below the AET cannot be determined. Based on the . . 

Navy's agreement with U.S. EPA, if a chemical only has a higher effects level such as an AET the 

chemical will not be eliminated as a COPC even if the maximum detection is below the higher effects 

level, unless other Step 3a factors can be used to justify the chemicals elimination as a COPC. 

Barium was detected at concentrations greater than the AET in all but one site sample. The most likely 

source of metals in sediment is surface soil run-off from SWMU 10, because the headwaters of all the 

tributaries originate at SWMU 10 (see Figure 7-16). Therefore, because barium concentrations in the 

surface soil samples are within background concentrations (see Section 7.7.6.1.1) and are not site

related, it is likely that the barium in the sediment is not site related. Therefore, although risks to benthic 

invertebrates cannot- be ruled out because of the lack of lower-effects toxiCity data, any potential site

related risks from barium are not great enough to warrant carrying barium further through the BERA 
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. process (i.e., they reflect background conditions). Barium is not retained as a COPC for sediment 

dwelling invertebrates. 

Beryllium 

Beryllium was initially selected as a COPC because a Region 5 screening level is not available. No 
\ . 

alternate benchmarks are available for beryllium. However, beryllium was detected in five of 12 samples 

collected. at SWMU 10 at similar concentrations (1.4 to 2.1 mg/kg). Additionally, beryllium was not 

detected iii the surface water samples at SWMU 10 and was only d.etected in one of 10 surface, soil 

samples (within background concentrations). For these reasons, detections of beryllium are likely not 

attributabl.e to past site,operations and are more likely reflective· of background conditions. Therefore, 

although risks to benthic invertebrates cannot be ruled out. because of the. lack of toxicity data, any 

potential site-related risks from beryllium are not great enough to warrant carrying beryllium further 

through the BERAprocess. Risks to sediment dwelling invertebrates are acceptable and beryllium is not 

retained as a COPC. 

Cadmium 

. Cadmium was initially selected as·a COPC .because the maximum detected sediment concentration 

(2.4 mg/kg) exceeded the Region 5 screening level (see Table 7-25). However, the most recent ESL 

(U.S. EPA, 2003) is based. on the consensus-based TEC and is therefore a more appropriate value for 
. . 

comparing to the maximum cadmium concentration: 

• Consensus-based TEC - 0.99 mg/kg (MacDonald et aI., 2000) 

• Consensus-based PEC - .4.98 mg/kg (MacDonald et al. 2000) 

The basis of the TEC and PEC are described above for arsenic. The four' cadmium concentrations 

detected in SWMU 10 sediment are greater than the TEC and therefore, were compared to the PEC to 
. . '. '.. 

provide an estimate of the overall risk range. The maximum cadmium concentration is less than the PEC. 

As mentioned above, the most likely source of metals in sediment is surface soil run-off fr()m SWMU 10, 

because the headwaters of all the tributaries originate at SWMU 10 (see Figure 7-16). Because cadmium . . . 

concentrations in the surface soil samples are within background concentrations (see Section 7.7.6.1.1) .. . . 

and are not site-related, it is likely.that the cadmium in the sediment is not site related. Also, because the 

concen'trations of the four cadmium detections are between the. TEC and the PEC,impacts to benthic 

invertebrates are possible, but not probably. Therefore, although it is possible that the cadmium 
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concentrations in the. sediment are adversely impacting benthic invertebrates at some locations, the 

cadmium in the sediment does not appear to be related to site activities. For that reason, site-related 

risks to benthic invertebrates from cadmium are acceptable so cadmium is not retained as a COPC for 

risks to sediment dwelling invertebrates. Because cadmium is a bioaccumulative chemical, risks to 

piscivorous wildlife from cadmium are evaluated in Section 7.7.6.3 of this ERA. 

Chromium 

Chromium was initially selected as a COPC because the maximum detected sediment (65.7 mg/kg) 

exceeded the Region 5 screening level.. However, the most recent ESL (U.S. EPA, 2003) is based on the 

consensus-based TEC .and is therefore a more appropriate value for comparing to the maximum 

chromium concentration: 

• . Consensus-based TEC - 31.6 mg/kg (MacDonald et aI.., 2000) 

• Consensus-based PEC - 111 mg/kg (MacDonald et aL 2000) 

As mentioned above, the most likely source of metals in sedimeht is surface soil run-off from SWMU 10; 

because the headwaters of all the tributaries originate at SWMU 10 (see Figure 7-16). Because 

chromium concentrations in the surface soil samples are within background concentrations (see Section 

7.7.6.1.1) and are not site-related, it is ,likely that the chromium in the sedim·ent is not site related. Also, 

because none of the· chromium concentrations exceeded the PEC, and the concentrations in four 

samples are between the TEC and the PEC; impacts to benthic invertebrates are possible, but not 

probably. Therefore, qlthough it is possible that the chromium concentrations in the sediment are 

adversely impacting benthic invertebrates at some .locations, the chromium in the sediment does not. 

appear t6 be related to site activities. For that reason, site-related risks to benthic invertebrates from 

chromium are acceptable so chromium is not retained as ·a COPC for risks to sediment dwelling 

invertebrates. Because chromium is a bioaccumulative chemical, risks to piscivorous wildlife from 

chromium are evaluated in Section 7.7.6.3 of this ERA. 

Cobalt 

. ,. 

Cobalt was initially selected as a CO PC because the maximum detected sediment concentration 

(51.8 mg/kg) in sample 1 OSD080006 slightly exceeded the Region 5 screening level of 50 mg/kg. Cobalt 

was detected in all 12 sediment samples at SWMU 10 but only the maximum concentration was greater 

than the EDQL. Because the maximum concentration just slightly exceeds the conservative screening 

level, risks to benthic invertebrates from cobalt are not expected. Additionally, as with· the other metals, 
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cobalt was detected in surface soil at concentrations within the background soils concentration range so 

concentrations in the sediment are not likely to be related to. site activities. Risks to sediment dwelling 

invertebrates are acceptable and cobalt is not retained as a CO PC for these receptors. 

Copper 

Copper was initially selected as a COPC because the maximum detected sediment concentration 

(16.9 mg/kg) exceeded the Region 5 screening level of 16 mg/kg. However, the most recent ESL (U.S. 

EPA, 2003) is based on the consensus-based TEC and is therefore a more appropriate value for 

comparing to the maximum copper concentration: 

• Consensus-based TEC - 31:6 mglkg (MacDonald et aI., 2000) 

. The maximum copper concentration is less than the consensus~based TEC s? risks to sediment dwellin9 

. invertebrates are acceptable. Therefore, copper was eliminated as a COPC for risks to sediment dwelling 

invertebrates. Because copper is a bioaccumulative chemical, risks to piscivorous wildlife from copper 
. . 

are evaluated in Section 7.7.6.3 of this ERA 

Iron 

Iron was initially selected as a COPC because a Region 5 screening level is not available. Iron 

concent~ations are compared to the Canadian SQG because a consensus based TEC is not available. 

• Canadian Sediment Guidelines LEL - 20,000 mg/kg [Ontario Ministry of the Environment (OMOE), 

1993] 

.• Canadian Sediment Guidelines SEL - 40,000 mg/kg (OMOE, 1993) 

The LEL indicates the level of sediment contamination which has no effect on and can be tolerated by the 

majority of sediment-dwelling organisms. The Canadian sediment guidelines were· developed by first 

calculating the 90th percentile of the concentrations evaluated in toxicity studies where a species .was 

present, and then plotting the 90th percentile concentrations for all of th·e species considered to develop 

. the guideline: The ·5th percentile of the plot was selected as the LEL for metals and the 95th percentile 

. from the plot was selected as the SEL for metals. The maximum detected concentration of iron 

(71,100 mg/kg in.1 OSD04), and the iron concentrations in several other samples are greater than the LEL 

and SEL. Based on the definition of the SEL, potential impacts to benthic invertebrates at those locations 

are probable. However, iron concentrations are highly variable in the environment and typically riot very 
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bioavailable so there is probably more uncertainty in the sediment guidelines for iron than for some other 

chemicals. Also, because iron concentrations in the surface soil samples are within background 

concentrations (see Section 7.7.6.1.1) and is not site-related, it is likely that the iron in the sediment is not 

site related. 

In summary, although it is possible that the iron concentrations in the sediment are adversely impacting 

benthic invertebrates at some locations, the iron in the sediment does not appear to be related to site 

activities. For that reason, site-related risks to benthic invertebrates from iron are acceptable so iron is 

not retained as a COPC for risks to sediment dwelling invertebrates. 

Lead 

Lead was initially selected as a COPC because the maximum detected sediment concentration 

(37 mg/kg) exceeded the Region 5 screening level of 31 mg/kg. However, the most recent ESL (U.S. 

EPA, 2003) is based on the consensus-based TEC and is therefore a more appropriate value for 

comparing to the maximum lead concentration: 

• Consensus-based TEC - 35.8 mg/kg (MacDonald et aI., 2000) 

The maximum lead concentration only slightly exceeds the consensus-based TEC; all other lead 

concentrations were less than the TEC. Therefore risks to sediment dwelling invertebrates are 

acceptable. Lead is not retained as a COPC for risks to sediment dwelling invertebrates. Because lead 

is a bioaccumulative chemical, risks to piscivorous wildlife from lead are evaluated in Section 7.7.6.3. 

Manganese 

Manganese was initially selected as a· COPC because a Region 5 screening level is not available. 

Manganese concentrations are compared to the Canadian SQG because a consensus based TEC is riot 

available. 

• Canadian Sediment Guidelines LEL - 460 mg/kg (OMOE, 1993) 

• Canadian Sediment Guidelines SEL - 1,1 00 mg/kg (OMOE, 1993) 

The toxicological basis for the LEL and SEL are described above for iron. The maximum detected 

concentration of manganese (3,900 mg/kg), and the manganese concentrations in several other samples 

are greater than the LEL and SEL. Based on the definition of the SEL, potential impacts to benthic 
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invertebrates at those locations are probable. However, similar to iron, manganese concentrations are 

highly variable in the environment so there is probably more uncertainty in the sediment guidelines for 

manganese than for some other chemicals. Also, because manganese concentrations in the surface soil 

samples are within background concentrations (see Section 7.7.6.1.1) and is not site-related, it is likely 

that the manganese in the sediment is not site related. 

In summary, although it is possible that the manganese concentrations in the sediment are adversely 

impacting benthic invertebrates at some locations, the manganese in the sediment does not appear to be 

related to site activities. For that reason, site-related risks to benthic invertebrates from manganese are 

acceptable so manganese is not retained as a COPC for risks to sediment dwelling invertebrates. 

Nickel 

Nickel was. initially selected as a COPC because the maximum detected sediment· concentration 

(44.6 mg/kg) exceeded the Region 5 screening level of 16 mg/kg. However, the most recent ESL (U.S. 

EPA, 2003) is based on the consensus-based TEC and is therefore a more appropriate value for 

comparing to the maximum nickel concentration: 

• Consensus-based TEC - 22.7 mg/kg (MacDonald et aI., 2000) 

• . Consensus-based PEC - 48.6 mg/kg (MacDonald et al. 2000) 

The maximum concentration exceeds the TEC but not the PEC. As mentioned above, the most likely 

source of metals in sediment is surface soil run-off from SWMU 10, because the headwaters of all the 

tributaries originate at SWMU 10 (see Figure 7-16). Because nickel concentrations in the surface soil 

samples are within background concentrations (see Section 7.7.6.1.1) and are not site-related, it is likely 

that the nickel in the sediment is not site related. Also, because none of the nickel concentrations 

exceeded the PEC, and the conc~ntrations in four samples are between the TEC and the PEC, impacts 

to benthic invertebrates are possible, but not probably. Th'erefore, although it is possible that the nickel 

concentrations in the sediment are adversely impacting benthic invertebrates at some locations, the -

nickel in the sediment does not appear to be related to site activities. For that reason, site-related risks to 

benthic invertebrates fror:n nickel are acceptable so nickel is not retained as a COPC for risks to sediment 

- dwelling invertebrates. Because nickel is a bioaccumulative chemical, risks to piscivorous wildlife from 

nickel are evaluated in Section 7.7.6.3 of this ERA . 
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Vanadium 

Vanadium was initially selected as a COPC because a Region 5 screening level is not available. The 

only available ,alternate benchmark for vanadium is the AET of 57 mg/kg (Buchman, 1999), which is 

based on marine organisms. Based on the Navy's agreement with U.S. EPA, if a chemical only has a 

higher effects level such as an AET the chemical will not be eliminated as a COPC even if the maximum 

detection is below the higher effects level, unless other Step 3a factors can be used to justify the 
, 

chemicals elimination as a COPC. At SWMU 10, vanadium was detected at concentrations less than the 

AET in all but one sample. The maximum detection (63.2 mglkg) was detected at location 10SD04. 

As mentioned above,the most likely source of metals in sediment is surface soil run-off from SWMU 10, 

because the headwaters of all the tributaries originate at SWMU 10 (see Figure 7-16). Because 

vanadium concentrations in the surface soil samples are within background concentrations (see Section 

7.7.6.1.1) and are not site-related, it is likely that the vanadium in the se,diment is not site related. 

Therefore, although risks to benthic invertebrates cannot be ruled out because\of the lack of lower-effects 

toxicity (~ata, any potential site-related risks from vanadium are not great enough to warrant carrying 

vanadium further through the BERA process. Vanadium is not retained as a COPC for risks to sediment 

dwelling invertebrates. 

Zinc 

Zinc was initially selected as a COPC because the maximum detected sediment concentration 

(301' mg/kg) exceeded the Region 5 screening level. However, the most recent ESL (U.S. EPA, 2003) is 

based on the consensus-based TEC and is therefore a more appropriate value for comparing to the 

maximum zinc concentration: 

• Consensus-based TEC - 121 mg/kg (MacDonald et aI., 2000) 

• Consensus-based PEC - 459 mg/kg (MacDonald et al. 2000) 

The maximum concentration exceeds the consensus-based TEC and not the consensus based PEC, 

Only the maximum concentration exceeds the TEC; all other sample concentrations are less than the 

TEC; therefore risks to sediment dwelling invertebrates at this location (10SW09) are possible. Risks to 

sediment dwelling invertebrates at all other locations are acceptable, As mentioned above, the most likely 

source of metals in sediment is surface soil run-off from SWMU 10, because the headwaters of all the 

tributaries originate at SWMU 10 (see Figure 7-16). Because zinc concentrations in the surface soil 

samples are within background concentrations (see Section 7.7.6.1.1) and are not site-related, it is likely 
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that the zinc in the sediment is not site related. Therefore, although risks to benthic invertebrates cannot 

be ruled out at the location of the maximum detection, any potential site-related risks from zinc are not 

great enough to warrant carry(ng zinc further through the BERA process (Le., they ~eflect background 

concentrations). Risks to sediment dwelling invertebrates are acceptable and zinc is not retained as a 

COPC. Because zinc isa bioaccumulative chemical, risks to piscivorous wildlife from nickel are evaluated 

in Section 7.7.6.3 of this ERA. 

. . 

7.7.6.1.3 Surface Water 

Table 7-30 presents a summary of the common alternate benchmarks used in refining the list of COPCs 

in surface water, along with a summary of the Step 3a evaluation. Water-quality standards (WaS) for 

· surface water have been developed for Indiana (IDEM, 1998). In addition, u.S. EPA has established 

water-quality criteria (WaC) for a few contaminants (U.S. EPA, November 2002). The Indiana was were 

not used in the evaluation because the was are based on the dated U.S. EPA wac. Therefore, it is 

more appropriate to use the updated U.S. EPA wac. 

· A total of 12 samples were collected and analyzed for total and filtered metals. The Ste·p 3a evaluation 

• . was focused prima~ily on the filtered results because it is the dissolved portion (i.e. filtered) that is 

.. considered to be bioavailable (U.S. EPA, 1992). However, both unfiltered and filtered samples are 

presented in Table 7-30 and discussed herein for informationai purposes. Unfiltered surface water results 

were used for food chain modeling (Section 7.7.6.3). 

• 

2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-diriitrotoluene, HMX, and RDX 

These energetics were initially selected as COPCs because no Region 5 surface water screening levels 

were available. The maximum detections of TNT (4.4 ~g/L), 2-ADNT (0.41 ~g/L), HMX (22 ~g/L), and 

RDX (18 ~g/L) were less than the chronic water-quality screening benchmark·(for 2,4,6-TNT) of 90 ~g/L: 

and secondary chronic values (SCVs) of 20 ~g/Lj 330 ~g/L, and 190 ~g/L, for 2-ADNT" HMX, and RDX, 

respectively, developed in Talmage et al. (1999). No screening benchmarks are available for 4-amino-

2,6-dinitrotoluene (4-ADNT), but the ·maximum detection of 1.4 ~g/L is likely below concentrations that 

would cause a risk to aquatic receptors, based on the screening benchmarks for the other energetic 

compounds .. Therefore, the energetics in the surface water are not likely to cause adverse effects to 

· aquatic receptors and risks are considered· acceptable; energetics are not retained as COPCs. for risks to 

aquatic receptors . 
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Aluminum 

Aluminum was initially selected as a COPC because a Region 5 screening level is not available. The 

maximum concentration of aluminum was detected in sample 10SW0801 at 837 ~g/L. Aluminum was 

detected in 11 of 12 unfiltered samples collected but was not detected in the filtered samples. For this 

reason, risks associated with aluminum to aquatic organisms are considered acceptable because it is 

, only the dissolved portion of the metals that is considered bioavailable (U.S. EPA, 1992). Therefore, 
, ' 

aluminum is not retained as a COPC for aquatic receptors. 

Iron 

Iron was initially selected as a COPC because a Region 5 screening level is not available. The maximum' 

detected iron concentration was 1, 120 ~g/L (for unfiltered), but all other iron detections (both filtered and 

unfiltered) were less than 877 ~g/L. 'Iron was detected frequently in samples with average surfaGe water 

concentrations of 510 ~g/L (unfiltered samples) and 231 ~g/L (filtered samples).' The U.S. EPA WQC 

(U.S. EPA, November 2002) for iron is ,1 ,000 ~g/L. The maxiq1um iron concentration in filtered samples 

(which represents the most bioavailable portion of iron in the' water column) is less than the WQC . 

Therefore" risks to aquatic receptors are acceptable and iron is not retained as a COPC for aquatic 

receptors. 

Manganese 

Manganese was initially selected as a COPC because a Region 5 screening level is not available. 

Because an EDQL and AWQC are not available for manganese, concentrations in the surface water are 

compared to the following benchmark: 

• ORNL chronic benchmark for aquatic life - 120 ~g/L (Suter and Tsao, 1996)) 

TheORNL chronic benchmark was developed using the Tier II method described in the U.S. EPA's 

Proposed Water Quality Guidance for the Great Lakes System in U.S. EPA (1993b) (Suter and Tsao, 
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benchmark for manganese is very conservative (Suter and Tsao, 1996), risks to" aquatic life from 

manganese is expected to be low especially based on the information in U.S. EPA (1986). For these 

reasons, risks to aquatic organisms from manganese in the surface water are acceptable and manganese 

is not retained as a COPC for these receptors. 

Zinc 

Zinc was initially selected as a COPC because the Imaximum detected surface water concentrations 

(113 Ilg/L for unfiltered and 1 021lg/L for filtered) at location 10SW09 exceeded the Region 5 screening 

level of 58.8 Ilg/L. However the maximum concentrations are less than the U.S. EPA WOC for chronic 

and acute (248 Ilg/L) exposure, after adjusting for a hardness of 260 mg/L in the sar:nple with the greatest 

zinc detections (U.S. EPA, November 2002). The zinc concentrations in the other sample in which zinc 

was detected were less than the EDOL. Therefore, zinc is not expected to cause a risk to aquatic 

organisms and zinc is not retained as a COPC for these receptors. 

7.7.6.2 Risks to Terrestrial Wildlife 

The discussions in Sections 7.7.6.2.1 and 7.7.6.2:2 were not designed to evaluate risks to wildlife through 

ingestion of food items, drinking water, and incidental ingestion of soil. Instead, a food-chain model was 

used to evaluate potential risks posed by COPCs to upper-level terrestrial wildlife receptors. Section 

. 3.4.4.2 describes the food-chain model methodology. Chemicals evaluated in the terrestrial food-chain 

model were limited to those identified by the U.S. EPA as bioaccumulative (U.S. EPA, 2000). Separate 

discussions· are provided below for evaluations of potential risk to insectivorous/herbivorous and 

piscivorous receptors. The 95% UCL detected in the surface soil, surface water, and sediment samples 

is used as the EPC for the conservative food chain model. The average concentration detected in the 

surface soil, surface water, and .sediment samples is used as the EPC for the average food chain model. 

Appendix H,4 presents the spreadsheets used to calculate the doses 8:nd EEOs. 

7.7.6.2.1 . Risks to Insectivorous/Herbivorous Receptors 

Table 7-31 presents the terrestrial wildlife model EEOs based on conserv~tive input parameters, for the 

meadow vole, short-tailed shrew, American robin, and northern bobwhite quail. No EEOs are calculated 

for some of the energetics because NOAELs and LOAELs have not been developed for those chemicals~ 

. The NOAEL and LOAEL EEOs calculated for HMX are greater than 1.0 for the meadow vole (33 and 13, 

respectively) and the short-tailed shrew (14 and 5.6, respectively). The NOAEL and LOAEL EEO 

calculated for zinc is greater than 1.0 at 10 and 1.1, respectively iil·the American robin food chain model. 
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Table 7-32 presents the terrestrial wildlife model EEQs (based on average input parameters NOAELs and 

LOAELs) for those chemicals with NOAEL based EEQs greater than 1.0 under the maximum input, 

conservative scenario. The NOAEL and LOAEL EEQs calculated for HMX in the meadow vole model are 

5.2 and 2.1, respectively. The NOAEL EEQ calculated for HMX is also greater than 1.0 in the shrew 

model at 1.4. Finally, the NOAEL EEQ calculated for zinc in the robin model is 1.7 while the LOAEL EEQ 

is less than 1 .0. 

Average COPC concentrations are typically more realistic exposure point concentrations (EPCs) for 

mammals and birds than maximum concentrations because mammals and birds are exposed to COPC . 

. concentrations throughout the SWMU, rather than a' single location. However, for SWMU 10, average 

COPC concentrations serve to overestimate risks to mammals and birds because the majority of the 

surface soil samples were collected in the middle of the site where there is little ecological habitat. This is 

especially true for the energetic. chemicals which were almost solely detected in the samples from the 

industrial area (see Figure 7-10) 

. The mammal NOAEL and LOAEL for HMX were developed from a study in which no Significant increase 

in mortality was observed among mice consuming 30 mg/kg-day HMX, but a significant increase in • 

mortality was observed among mice consuming 75 mg/kg-day HMX (Talmage et at, 1999). Because the 

study was 13 weeks in duration the 30 mglkg-day dose was considered a subchronic NOAEL and the 

75 mg/kg-day dose was considered a subchronic LOAEL. The NOAEL and LOAEL values were 

multiplied by 0.1 to derive estimated chronic values. All of the HMX detections were in samples collected 

from the industrialized area of the SWMU where there is little ecological habitat (see Figure 7-10). 

Therefore, although the NOAEL and LOAEL EEQs calculated for HMX in the meadow vole model, and 

the NOAEL EEQ calculated for HMX in the shrew model a}-e greater than 1.0, impacts to mammals are 

not expected from HMX because mammals will not be feeding in the area of the HMX detections. For 

that reason, risks to mammals from HMX in the soil are acceptable and HMX is not retained as a COPC 

for risks to mammals. 

Zinc was included in the food chain model because it is bioaccumulative and it was retained as a COPC 

in surface water. It was not retained asa CO PC in surface soil, because the concentrations of zinc in the 

surface soil were within background concentrations. The surface water portion of the dose in the food 

chain model for the robin is less than 1 percent of the total dose. In fact, if the surface water component 

of the food chain model is removed, the NOAEL EEQ calculated for zinc in the robin model remains 1.7. 

This indicates that the EEQ is driven by the zinc concentration in"the soil, which is within background 

levels. Therefore, risks to robins from zinc in the soil are within background risks so risks are acceptable • 

and zinc is not retained as a COPC for risks to birds. 
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Table 7-33 presents a summary of the terrestrial wildlife model EEQs based on conservative input 

parameters for the raccoon, belted. kingfisher, and little brown bat. No EEQs are calculated for some of 

the energetics because NOAELs and LOAELs have not been developed. Overall, chemicals had EEQs 

exceeding 1.0 in the raccoon and bat food chain model only. No chemicals had NOAEL or LOAEL EEQs 

greater than 1.0 in the kingfisher modeL The NOAEL EEQ calculated for HMX was greater than 1.0 in 

the raccoon model while the LOAEL EEQ was less than. 1.0. The NOAEL and LOAEL EEQs calculated 

for all seven inorganics were greater than 1.0 in the raccoon model. The NOAEL and LOAEL EEQs 

calculated for arsenic were greater than 1.0 in the bat food chain model. . , . 

Table 7-34 presents the terrestrial wildlife model EEQs (based on average input parameters NOAELs and 

LOAELs) . for those chemicals with NOAEL baseq EEQs greater than 1.0 under the maximum input, . 

conservative scenario. EEQs calculated for arsenic were less ttian 1.0 in the bat model. Overall in the 

raccoon food chain model, NOAEL and LOAEL exceedances were similar although the NOAEL EEQ 
. . 

calculated for HMX· was less than 1.0. The greatest NOAEL and LOAEL EEQs were calculated for 
. . 

arsenic (4,500 and 450, respectively). NOAEL EEQs calculated for cadmium, chromium, copper, lead, 

nickel, and zinc ranged from 1.3 (copper) to 30 (chromium). LOAEL based EEQs for these inorganics 

ranged from 1.0 (copper) to 7.5 (chromium) .(see Tabl~ 7-34). Although, risks to mammals consuming 

fish are possible because the LOAEL EEQs calculated for. several inorganics were greater than 1.0, 

actual site-related risks are unlikely for the following reasons: 

• The water bodies associated with SWMU 10 are expected to account for only a small portion of the 

raccoon's diet, because the home range of the raccoon (>250 acres) is much larger than the SWMU. 

Also, the streams are very small and likely do not have. large enough numbers of fish to· support the 

diet of raccoons. 

• As presented in Section 7.7.6.1.2, the most likely source of metals in sediment is surface soil run~oH 

from SWMU 10, because the headwaters of all the tributaries originate at SWMU 10 (see Figure 

7 -16): All of the metals in the surface soil samples are within background concentrations (see 

Section 7.7.6.1.1) and are not site-related. Therefore; it is likely that the metals inthe sedimentare 

not site related so any risks would not be site-related .. 

•. All the metals have high· EEQS, in part, because there are. no. sediment to fish BAF values for 

inorganics. Therefore, a BAF of· 1.0 is used in the model, which assumes that the fish tissue· 
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concentrations are equal to the sediment concentrations. This likely overestimates the exposure 

dose to the raccoon, which then increases the calculated EEQs. 

For the reasons listed above, risks to piscivorous mammals are acceptable so metals are not retained as 

COPC in sediment for risks to mammals. 

7.7.7 Ecological Risk Uncertainty Analysis 

Section 3.4.6 in t,he general methodology section presents the uncertainties that apply to all the SWMUs. 

The uncertainty analysis presented in this section is the uncertainties associated with SWMU 10. 

7.7.7.1 Measurement and Assessment Endpoints 

As presented in Section 7.7.2, several assessment endpoints are selected for this risk assessment, 

including the selection of piscivorous wildlife as an assessment endpoint. The waterbodies adjacent to . 

SWMU 10 are unlikely to contain a significant fish populations. Therefore, risks to piscivorous wildlife are 

overestimated. Also, the little brown bat is used as a surrogate species for the Indiana bat, based on the 

availability of exposure data for the "little brown bat. Therefore, the calculated risks may be slightly • 

different for the Indiana bat. 

Risks to reptiles and amphibians are not quantitatively evaluated because exposure factors are not 

established for most species and toxicity data are very limited. Using aquatic organisms as a surrogate 

species, risks to amphibians exposed to the surface water and sediment are expected to be acceptable 

based on the Step 3a evaluations. Potential risks to reptiles cannot be evaluated in this ERA because of . 

a lack of toxicity and exposure data (see below for a discussion of potential risks to the timber 

rattlesnake). 

Food-chain modeling was not conducted for large carnivorous mammals and birds for several reasons 

including, the uncertainty of estimating contaminant uptake into the diet source (small mammal tissue) 

and area use factors discussed in Appendix H.2. Four explosives were retained as COPCs in surface soil 

samples. Explosives are not expected to bioaccumulate in small mammals. According to Major et al. 

(2002), "because of the rapid excretion and lack of bioaccumulation in animals, it is unlikely that 

nitroaromatic compounds could be transferred between predator and prey animal species." Additionally, 

c~rnivorous birds and mammals are expected to obtain only a small fraction of their food from SWMU 10. 

The boundaries of SWMU 10 are approximately 10 acres 'and home ranges of the red fox and red-tailed 

hawk are 193 acres and 370 acres, respectively (U.S. EPA, 1993). Risks are expected to be greatest to • 

) 
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small herbivorous and insectivorous mammals and birds because it is assumed that these species obtain ' 

all of their food from SWMU 10. 

As discussed in Section 1.3.7, several endangered and threatened species or species of special concern 

are present at NSWC Crane, and potentially may inhabit SWMU 10. Risks to these species were not ' 

specifically calculated so ,the uncertainties of not calculating risks to these species are presented here., 

As discussed above, risks to. large carnivorous mammals and birds are expected to be negligible so risks 

to the bobcat! bald eagle, Northern harrier, and osprey are expected to be negligible, as are risks to 

carnivorous reptiles such as the timber rattlesnake. Loggerhead shrikes and the sedge wren cons~me 

mostly aboveground insects such as caterpillars, beetles, spiders, and flies, as Opposed to the worms that 

are consumed by the American robin in the'food-chain model. Because worms are in direct contaCt with 

exposure to the soil, it is expected that they would ha've greater levels of contaminants at SWMU ,10 than 

"aboveground insects; therefore, risks to the robin from consuming worms are expected to be greater than 

risks to the ,loggerhead shrike and sedge wren from c~nsuming aboveground insects. Risks to the worm 

- eating American robin from chemicals in the surface soil and surface water were, acceptable; therefore, 

risks to, the loggerhead shrike and sedge wren are also considered acceptable if these species are 

present at SWMU 10. The American bittern is a marshland loving bird that feeds on fish, frogs, eels, 

insects,and water snakes. Although there is some aquatic habitat, it is not suitable for the bittern. 

Additionally, risks to the belted kingfisher were acceptable; .therefore, risks to the American bittern, if 

present at SMWU 10, would also be acceptable. 

Finally, there are uncertainties in risks to reptiles because there is a lack of exposure factors for reptiles 

and a lack of reptile toxicity data for the detected chemicals. As discussed in Section 1.3.7, one 

threatened reptilian species is listed as potentially present at NSWC C'-rane. Based on the preferred 

habitat of the timber rattlesnake and the ecology ,of SWMU 10, this species may potentially inhabit areas 

of SWMU ,1 o. Risks to these species were not specifically calculated so uncertainties exist as to how this 

species would be affected if an exposure to site chemical concentrations occurred. 

7.7.7.2 Exposure Characterization 

An upgradient surface water or sediment sample could not be identified for the site. Therefore,some 

inorganic chemicals may have been carried through the screening process, even though there are 

detected at background levels. This would cause the risk to be overestimated . 
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T oxicoloQical data for a few of the chemicals are limited or do not exist. This occurred for a several 

inorganics in the surface soil, but it did not affect the outcome of the risk assessment because the 
, , 

chemicals without toxicity data were detected below base-specific background levels. This also occurred' 

for some inorganics in the sediment, but it did not affect theoutcome of the risk assessment because 

most of the samples with chemical without toxicity data were detected below Indiana background levels. 

Several alternative benchmark values were used to gain a better understanding of the relationship' 

between the maximum concentration values of the selected COPCs to the overall ecological assessment 

of the site. ' There is some uncertainty involved when using these alternative benchmarks. However, 

attempts have been made to lessen the uncertainties by providing the toxicological basis ol the alternate 

benchmarks when they were used. 

7.8 CONCLUSIONS 

Tables 7-28, 7-29, 7-30, and 7~35 present summaries of the Step 3a evaluation including the overall 

'conclusion of whether chemicals initially selected as COPCs are retained as COPCs after the refined 

evaluation. Based on the SERA and the first step of the BERA (step 3a), the following conclusions were 

made:, ' 

Terrestrial Plants and Invertebrates 

After the initial screening" fourenergetics were initially selected as COPCs because Region 5 screening 

levels were not available., The potential risks to terrestrial vegetation and soil invertebrates associated 

with all the COPCs in the surface soil were further evaluated to determine whether site-related risks from 

the chemicals were acceptable or whether the risks were great enough to warrant retaining the chemicals 

as COPCs an~ proceeding further into the BERA. 

Toxicity data in the literature were found for the energetics to evaluate potential risks to plants and soil 

invertebrates from the detected concentrations of these 'chemicals in the soil. The detected 

concentrations were le,ss than the effects levels, although some of the effects levels were LOECs 

because NOECs were not available for some endpoints for some chemicals. However, most of 

detections of the energetics were in the middle of the site in the irid~strial area that has many buildings 

and roadways (see Figures 1~14 and 7-10). One detection of 2-ADNT was located outside of this area 
, ' 

but the co~centration in that sample was lower than no effects levels. Therefore, although potential 

impacts to plants and invertebrates exi~t based solely ana comparison of detected concentrations to ' 
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toxicity values, the' habitat where these energetics were detected does not support significant plant or 

invertebrate populations. The areas surrounding SWMU 10 boundaries are heavily vegetated (see Figure 

1-14), so it does not appear that the energetics are significantly impacting plants in areas where terrestrial 

vegetation habitat exists. For these reasons, risks to plants and soil invertebrates from energetics in the 

soil are acceptable so energetics were not retained as COPCs for risks to plants and invertebrates. 

In summary, rio chemicals were retained as COPCs for risks to plants or invertebrates. 'However, 

although energetics are not typically considered to be bioaccumulative chemicals, risks to terrestrial 

wildlife from energetics are evaluated in Section 7.7.6.3 of this ERA to be conservative. 

Benthic Invertebrates 

After the initial screening, one energetic and 15 inorganics were initially selected as ,COPCs. Potential 

risks to sediment invertebrates associated with all theCOPCs in the sediment were further evaluated to 

determine whether site-related risks from the chemicals were acceptable and/or whether the risks were 

great enough to warrant retaining the chemicals as COPCs and proceeding further into the BERA. 

• For the one energetic (HMX) it was determined that the maximum detected concentration was less than 

toxicity data from the literature based ,?n survival so risks from HMX were determined to be acceptable 

and HMX was eliminated as a COPC for risks to sediment, invertebrates. Although, HMX is not, 

considered a bioaccumulative chemical, risks to piscivorous wildlife from HMX in the sediment are 

evaluated in Section 7.7.6.3 of this ERA to be conservative. 

• 

Several of the inorganics were detected at concentratioris that, were greater than effects levels indicating 

the potential impacts to sediment invertebrates were possible, or even probable for some inorganics. 

However, the most likely source of metals in sediment is surface soil run-off from SWMU 10, because the 

headwaters of all the tributaries originate at SWMU 10 (see Figure 7-16). All of the inorganics in the 

surface soil samples were detected at concentrations within background concentrations (see Section 

,7.7.6.1.1)' and are not site-related. Therefore, although it is possible that the concentrations of some 

inorganics in the sediment are adversely impacting benthic invertebrates at some locations, the 

inorganics in the sediment do not appear to be related to site activities. For that reason, site-related risks 

to benthic invertebrates from inorganics were determined to be acceptable so inorganics were not 

retained as COPCs for risks to sediment dwelling invertebrates . 
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In summary, no chemicals were retained as COPCs for risks to sediment invertebrates. However, 

because several of the inorganics are bioaccumulative chemicals, risks to piscivorous wildlife from these 

inorganics in the sediment are evaluated in Section 7.7.6.3 of this ERA. 

Aquatic Organisms 

After the initial screening, five energetics and four inorganics were initially selected as COPCs. Potential 

risks to aquatic receptors associated with all the COPCs in the surface water were further evaluated to 

determine whether site-related risks from the chemicals were acceptable or whether the risks were great 

enough to warrant retaining the chemicals as COPCs and proceeding further into the SERA. 

The detected concentrations of four of the five energetics (TNT, 2-ADNT, HMX, and RDX) were less than 

chronic benchmarks in the literature. so risks to aquatic organisms from the levels of those energetics in 

the surface water are not expected. There was not toxicity data for the fifth energetic (4-ADNT) but the 

concentration was low compared to the chronic benchmarks for the other energetics, so risks to aquatic 

organisms from the levels of that energetic in the surface water are not expected. Therefore, risks to 

aquatic receptors from energetics in the surface water at SWMU 10 are acceptable so the energetics 

were eliminated as COPCs for risks to aquatic receptors. 

Of the four inorganic chemicals retained as COPCs in surface water, aluminum was not detected in the 

filtered samples so risks to aquatic receptors from aluminum are not likely. Also, the concentrations of 

iron and zinc were less than U.S. EPA WQC so risks to aquatic receptors from these metals are not likely. 

Finally, the manganese levels in surface water are below levels expected to cause toxicity to aquatic 

receptors. Therefore, risks to aquatic receptors from inorganics in the surface water at SWMU 10 are 

acceptable so the inorganics were eliminated asCOPCs for risks to aquatic receptors. 

In summary, no chemicals were retained as COPCs for risks to aquatic organisms. However, because 

zinc is bioaccumulative, risks to piscivorous wildlife from the zinc are evaluated in Section 7.7.6.3 of this 

ERA. Also, although energetics are not typically considered to be bioaccumulative chemicals, risks. to 

terrestrial wildlife from energetics in the surface water are evaluated in Section 7.7.6.3 of this ERA to be 

conservative. 

Summary of Food Chain Modeling 

After the initial screening, several energetics and inorganics were initially selected as COPCs for potential 

risks to mammals and birds: In Step 3a, one energetic and one metal inorganics in soil/surface water 
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. were included in the food chain model for insectivorous and herbivorous mammals and birds. Also, five 

energetics and seven inorganics in sediment/surface water were included in the food chain model for 

piscivorous mammals and birds. The potential risks to mammals and birds associated with all the COPCs 

in the surface soil, sediment, and/or surface water were further evaluated to determine whether site

related risks from the chemicals were acceptable or whether the risks were great enough to warrant 

retaining the chemicals as COPCs and proceeding further into the BERA. 

Risks to Insectivorous/Herbivorous Receptors . 

In the less conservative food chain model, the NOAEL and LOAEL EEQs calculated for HMX in the 

meadow vole model and the NOAEL EEQ calculated for HMX in the shrew model are greater than 1.0. 

Also, the NOAEL EEQ calculated for zinc in the robin model is greater than 1.0. 

Although the NOAEL and LOAEL EEQs calculated for HMX in the meadow vole model, and the NOAEL 

EEQ calculated for HMX in the shrew model are greater than 1.0, impacts to mammals are not expected 

from HMX because mammals will hotbe feeding in the area of the HMX detections. This is because all of 

the HMX detections were in samples collected from the industrialized area of the SWMUwhere there is 

little ecological habitat (see Figure 7-10). For that reason, risks to mammals from HMX in the soil are 

within background risks so risks are acceptable and HMX is not retained as a COPC for risks to 

mammals. 

Zinc was included in the food chain model because it is bioaccumulative and it was retained as a COPC 

in surface water. It was not retained as a COPC in surface soil, however, because the concentrations of 

zinc in the surface soil were within background concentrations. If the surface water component of the 

food chain model is removed, the NOAELEEQ calculated for zinc in the robin model remains 1.7. This 

indicates that the EEQ is driven by the zinc concentration in the soil, which is within background levels. 

Therefore, risks to robins from zinc in the soil are within background risks so risks are acceptable and zinc 

is not retained as a COPC for risks to birds. 

Risks to Piscivorous Receptors 

In the less conservative food chain model, the NOAEL EEQs calculated for seven inorganics and the 

LOAEL EEQs calculated for six inorganics in the raccoon model are greater than 1.0. Although, risks to 

mammals consuming fish are possible because the LOAEL EEQs calculated for several inorganics were 

greater than 1.0, actual site-related risks are unlikely for the following reasons: 
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• The water bodies associated with SWMU 10 are expected to account for only a small portion of the 

raccoon's diet, because of the raccoon's home range an because the streams are very small and 

. likely do not have large enough numbers of fish to support the diet of raccoons. 

• The exposure dose to the raccoon is likely overestimated by using default BAFs of 1.0 are used in the 

food chain model to estimate fish tissue concentrations from the sediment because chemical-specific 

BAFs for metals are not available. This overestimate of dose causes the EEQ to be overestimated. 

• Finally, it is likely that the metals in the sediment are not site related so any risks would not be site

related. 

In summary, for the reas~ns listed above, risks to piscivorous mammals are acceptable so metals are not 

retained as cope in sediment for risks to .mammals. 
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Location Sample Depth 

SURFACE/SUBSURFACE SOIL 

105B01 0- 2 feet bgs 

8 - 10 feet bgs 

105B02 0- 2 feet bgs 

7 - 9 feet bgs 

105B03 0- 2 feet bgs 

8 - 10 feet bgs 

105B03-REM replacement 

105B04 0- 2 feet bgs 

3 - 5 feet bgs 

105B05 0- 2 feet bgs 

4 - 6 feet bgs 

105B06 0- 2 feet bgs 

5 - 7 feet bgs 

105B07 0- 2 feet bgs 

4 - 6 feet bgs 

105B08 0- 2 feet bgs 

4 - 6 feet bgs 

105B09 0- 2 feet bgs 

2 - 4 feet bgs 

105B10 0- 2 feet bgs 

6 - 8 feet bgs 
'---------- ----- -- -

SEDIMENT 

105W/5D01 0- 6 inches 

105W/5D02 0- 6 inches 

105W/5D03 0- 6 inches 

105W/5D04 0- 6 inches 

• 
TABLE 7-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU .10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 4 

Analyses 

Sample Number Appendix IX Appendix IX Explosives TAL Metals + 
SVOCs (PAHs VOCs Sn 

via SIM) 
._- --

1058010002 NA NA X X 

1058010810 NA NA X X 

1058020002 NA NA X X 

1058020709 NA NA X X 

1058030002 X NA X 

1058030810 X NA X 

105B030002-REM NA NA X NA 
1 05B03081 O-REM NA NA X NA 

1058040002 NA NA X .X 

1058040305 NA NA X X 

1058050002 NA NA X X 

1058050406 NA NA X X 

1058060002 NA NA X X 

1058060507 NA NA X X 

1058070002 NA NA X X 

1058070406 NA NA X X 

1058080002 NA NA X X 

1058080406 NA NA X X 

1058090002 NA NA X X 

1058090204 NA NA X X 

1058100002 NA NA X X 

1058100608 NA NA X X 
.. - ---- .- - -- '---

1050010006 NA NA X X 

1050020006 NA NA X X 

1050030006 NA NA X X 

1050040006 . NA NA X X 

• 

Cyanide Miscellaneous 
Parameters(1) 

I 

X NA 
X X 

X X 

X NA 
X NA 
X NA 

NA NA 
NA NA 
X NA 
X X 

X NA 
X NA 
X NA 
X X 

X NA 
X NA 
X X 

X NA 
X NA 
X X 

X NA I 
X X I 

X X 

X X 

X X 

X X 



Location Sample Depth 

10SW/S005 0- 6 inches 

10SW/S006 0- 6 inches 

10SW/S007 0- 6 inches 

10SW/S008 0- 6 inches 

10SW/S009 0- 6 inches 

1OSW/SOW 0- 6 inches 

10SW/S011 0- 6 inches 

10SW/S012 0- 6 inches 

GROUND WATER 

10-02 

10-03 

10-16 

10-17 

10C26 

10C26P3 

10C31 

10C31P3 

10C33 

10C33P2 

10C35 

10C35P2 

10C37 

10C37P3 

10C41 

• 
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PAGE 2 OF 4 

Analyses 

Sample Number Appendix IX Appendix IX Explosives TAL Metals + 
SVOCs (PAHs VOCs Sn 

via SIM) 

10S0050006 NA NA X X 
10S0060006 NA NA X X 
10S0070006 NA NA X X 

10S0080006 NA NA X X 

10S0090006 NA NA X X 
10S0100006 NA NA X X 
10S0110006 NA NA X X 

10S0120006 NA NA X X 

10GW0201 NA NA X X 

10GW0301 X X X X 

10GW1601 NA NA X X 

10GW1701 NA NA X X 

10GWC2601 X X NA NA 

10GWC26P301 X X NA NA 

10GWC3101 X X X X 

1 OGWC31 P301 X X X X 

10GWC3301 NA NA X X 

10GWC33P201 NA NA X X 

10GWC3501 NA NA X X 

10GWC35P201 NA NA X X 

10GWC3701 NA NA X X 

10GWC37P301 NA NA X X 

10GWC4101 X X X X 

• 

Cyanide Miscellaneou.s 
Parameters(1 ) 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

X X 

X X 

X X 

X X 

NA NA 

NA NA 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

• 



• 

Location Sample Depth 

1OC41P3 

1OC52 

1OC55 

1OC55P2 

1OC57 

SURFACE WATER 

1OSW/SD01 

1OSW/SD02 

1OSW/SD03 

1OSW/SD04 

1OSW/SD05 

1OSW/SD06 

1OSW/SD07 

1OSW/SD08 

'-------

• 
TABLE 7-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
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NSWC CRANE, CRANE, INDIANA 
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Analyses 

Sample Number Appendix IX Appendix IX Explosives TAL Metals + 
SVOCs (PAHs VOCs Sn 

via SIM) 

1OGWC41P301 X X X X 

10GWC5201 (upgradient) X X X X 

1OGWC5501 X X X X 
" 

1OGWC55P201 X X X X 

1OGWC5701 NA NA X X 

1OGWC5701-F NA NA NA X 

1OSW0101 NA NA X X 

1OSW0101-F NA NA NA X 

1OSW0201 NA NA X X 

1OSW0201-F NA NA NA X 

1OSW0301 NA - NA X X 

1OSW0301-F NA NA NA X 

1OSW0401 NA NA X X 

1OSW0401-F NA NA NA X 

1OSW0501 NA NA X - X 

1OSW0501-F NA NA NA X 

1OSW0601 NA NA X X 

1OSW0601-F NA NA NA X 

1OSW0701 NA NA X X 

1OSW0701-F NA NA NA X 

1OSW0801 NA NA X X 

1OSW0801-F NA NA NA X 

• 

Cyanide Miscellaneous 
Parameters(l) 

X X 

X X 

X X 

X X 

X X'. 

NA Nf'. 

X X 

NA NA 

X ~.:: 

NA NA 

X X 

NA NA 

X X 
NA NA 

X X 

NA NA 

X X 
NA NA 

X X 
NA NA 

X X 

NA NA 

l 

l 
l 

I 

l 
,~.: 

" 

f:i; 
~ .~ 

z:J; 
Itf. 

" 

... ,".:;~.~~~ 
~~ 
~~ 
'i~ 
" 
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Analyses 

Location Sample Depth 

10SW/SD09 

10SW/SD10 

10SW/SD11 

10SW/SD12 

App. IX = Appendix IX. 
NA = Not analyzed. 

Sample Number Appendix IX 
SVOCs (PAHs 

via SIM) 

10SW0901 NA 

10SW0901-F NA 

10SW1001 NA 

10SW1001-F NA 

10SW1101 NA 

10SW1101-F NA 

10SW1201 NA 

10SW1201-F NA 

SIM = Selective ion monitoring. 
Sn = Tin. 

Appendix IX 
VOCs 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

PAHs = Polycyclic aromatic hydrocarbons. 
TAL = Target analy1e list. 

SVOCs = Semivolatile organic.compounds. 
VOCs = Volatile organic compounds. 

Note: Sample numbers ending with "F" were field filtered prior to. metals analyses. 

Miscellaneous parameters -
- surface and subsurface soil were analyzed for cation exchange capacity, pH, and total organic carbon. 
- ground water samples were analyzed for cyanide and nitrite/nitrate. 
- surface water samples were analyzed for hardness and total suspended solids. 
- sediment samples were analyzed for total organic carbon . 

• • 

Explosives TAL Metals + 
Sn 

X X 

NA X 

X X 

NA X 

X X 

NA X 

X X 

NA X 

Cyanide Miscellaneous 
Parameters( 1) 

X X 

NA NA 

X· X 

NA NA 

X X 

NA NA 

X X 

NA NA 

• 



• 
Sample Identification 

Depth range (feel bgs) 

5011 Group: 

Semi-Volatiles (iJglkg) 

ACENAPHTHYLENE 

ANTHRACENE 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

BENZO(G,H,I)PERYLENE 

BENZO(K)FLUORANTHENE 

BIS(2-ETHYLHEXYL)PHTHALATE 

CHRYSENE 

DIBENlO(A,H)ANTHRACENE 

FLUORANTHENE 

FLUORENE 

INDENO(I,2,3-CD)PYRENE 

PHENANTHRENE 

PYRENE 

Explosives (mglkg) 

2-AMINO-4,6-DINITROTOLUENE 

HMX 

RDX 

2,4-Trinitrotoluene 

Inorganics (mglkg) 

ALUMINUM 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

VANADIUM 

ZINC 

Miscellaneous Parameters 

10SB010002 

0-2 

3 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

7510 J 

3.4 J 

52.1 J 

0.85 U 

0.85 U 

1330 

8.4 

4.0 

8.0 J 

13100 J 

9.2 

1340 J 

93.9 J 

0.05 U' 

7.0 

427 UJ 

16.4 J 

21.7 J 

CATION EXCHANGE CAPACITY (MEQ/l00 G) 

pH (S.U.) I 
TOTAL ORGANIC CARBON (mglkg) I 

• 
TABLE 7-2 

SUMMARY OF POSITIVE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

0.50 U 

1.3 

1.6 

0.50 U 

7980 J 

3.9 J 

55.4 J 

0.90 U 

3.4 J 

32100 

9.4 

4.5 

12.3 J 

14900 J 

12.0 

3040 J 

123 J 

0.05 U 

8.1 

452 UJ 

18.1 J 

40.8 J 

10.0 J 

8.0 J 

1900 

NSWC CRANE, CRANE, INDIANA 
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10SB030002 I 10SB040002 

0-2 

3 

470 J 

110 J 

530 J 

990 J 

960 J 

860 J 

740 J 

380 U 

560 J 

200 J 

370 J 

38.0 U 

610 J 

130 J 

390 J 

8220 J 

4.4 

48.0 J 

0.80 U 

0.80 U 

19500 J 

11.3 

3.5 

9.7 

13900 J 

9.4 J 

1740 J 

94.2 

0.03 ·u 
7.2 

401 UJ 

17.9 

24.8_ 

.J 
J 
-' 

0-2 

3 

0.50 U 

5.0 

0.50 U 

0.50 U 

4970 J 

4.0 J 

54.1 J 

0.87 U 

0.87 U 

20000 

6.4 

4.4 

8.3 J 

11500 J 

9.3 

1310 J 

215 J 

0.03 U 

9.1 

434 UJ 

11.3 J 

46.8 J 

0.50 U 0.50 U 

55 0.50 U 

0.50 U 0.50 U 

0.50 U 0.50 U 

-12200 J 5260 J 

3.6 J 3.2 J 

117 J 46.8 J 

1.0 J 0.81 U 

0.98 U 0.81 U 

1320 103000 

14.0 10.8 

8.2 3.6 

11.3 J 6.3 J 

13600 J 12100 J 

19.4 6.6 

1380 J 10200 J 

165 J 144 J 

0.04 0.04 

13.9 9.5 

506 J 405 UJ 

25.6 J 13.2 J 

36.0 J 29.7 J 

-' 
-' 
-' 

0.50 U 0.50 U 

4.0 0.50 U 

0.50 U 0.50 U 

0.50 U 0.50 U 

7270 J 1530 J 

2.7 J 0.87 

50.9 J 60.4 J 

0.86 U 0.57 U 

0.86 U 0.57 U 

2220 249000 J 

8.8 6.5 

3.3 1.5 

7.7 J 2.0 

13800 J 3420 J 

8.7 4.2 J 

1010 J 14700 J 

104 J 78.1 

0.04 U 0.04 U 

6.4 15.7 

430 UJ 321 J 

16.0 J 4.4 

19.8 J 27.5 

I 1.5 J 

I 8.5 J 

I 1600 

• 
10SB030002-REM 

. ( 

~·.:'-N~'''''~.:r; 

:'<:.: 
0.53 0.50 U 0.50 U ".r: 

0.50 U 0.50 U 44.3 .~.~:.: 

'" 0.50 U 0.50 U <0.71 

0.50 U 0.50U 0.53 
't~ , . 

8120 J 9520 J 

9.3 J 4.5 

95.8 J 72.1 J 

0.88 U 0.99 U 

1.0 J 0.99 U 

6090 960 J 

22.0 13.0 

9.7 6.3 

9.8 J 9.4 

26500 J 18100 J 

25.1 15.3 J 

1190 J 1070 J 

674 J 353 

0.04 0.05 U 

9.6 7.9 

440 UJ 493 UJ 

26.6 J 21.2 

50.0 J 43.3 I 

I I 
I I 
I I 



• 
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SUMMARY OF POSITIVE SURFACE .SOIL ANAL YTICAL RESULTS 
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NSWC CRANE, CRANE, INDIANA 
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Sample Idenlification 

Depth range (feet bgs) 

SoilG,oup: 

10SB020002110SB030002 
0- 2· 0- 2 

3 3 

10SB090002110SBl00002 110SB030002-REM 

0-2 0-2 

3 3 

Blank cells indicate sample was not analyzed for this parameter. 

Data Validation Qualifiers: 

U - Indicates that the chemical was not detected at the numerical detection limit (sam pte-specific quantitation limit) noted. Nondetected results from the laboratory are reponed in this manner. 

This qualifier is also added to a positive result (reponed by the laboratory) if the detected concentration is determined to be attributabte to contamination introduced during field sampling or 

laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is considered to be estimated based on problems encountered during laboratory 

analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be prese·nt. The non detected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies (Le.: holding times missed by a factor of two times the speCified time limit, severe calibration noncompliances, and extremely low quality control 

recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical result reponed by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross technical deficiencies. 

BU - Indicates that the chemical was detected in this sample as well as the associated laboratory method blank but has been qualified non-detected as a result of laboratory blank contaminalion 

(Le., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is in excess of the blank action level. 

bgs = Below ground surface. 

MEO - milliequivalents 

Soil Group 3 - Alluvial, Mississippian, Pennsylvanian surface soil as per -Basewide Background Soil Investigation Report,' NSWC Crane, Indiana (TtNUS, January 2001). 

S.U. = Standard units . 

• • 



• 

Parameter 

208-96-8 ACENAPHTHYLENE 

120-12-7 ANTHRACENE 

56-55-3 BENZO(A)ANTHRACENE 

50-32-8 BENZO(A)PYRENE 

205-99-2 BENZO(B)FLUORANTHENE 

191-24-2 BENZO(G,H,I)PERYLENE 

207-08-9 BENZO(K)FLUORANTHENE 

218-01-9 CHRY8ENE 

53-70-3 DIBENZO(A,H)ANTHRACENE 

206-44-0 FLUORANTHENE 

193-39-5 INDENO(1,2,3-CD)PYRENE 

85-01-8 PHENANTHRENE 

129-00-0 PYRENE 
---

Explosives (mglkg) 

35572-78'2 2-AMINO-4,6-DINITROTOLUENE 

2691-41-0 HMX 

121-82-4 RDX 

2,4,6-Trinitrotoluene 

Inorganics (mglkg) 

7429-90-5 ALUMINUM 

7440-38-2 AR8ENIC 

7440-39-3 BARIUM 

7440-41-7 BERYLLIUM 

7440-43-9 CADMIUM 

7440-70-2 CALCIUM 

7440-47-3 CHROMIUM 

7440-48-4 COBALT 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-92-1 LEAD 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANE8E 

• 
TABLE 7-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

111 

1/1 

1/1 

1/1 

111 

1/1 

1/1 

1/1 

1/1 

1/1 

-111 

1/1 

1/1 

1110 

5/10 

2/10 

1/10 

10/10 

10/10 

10/10 

1/10 

2/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

NSWC CRANE, CRANE, INDIANA 

Minimum 
Concentration 

470 

110 

530 

990 

960 

860 

740 

560 

200 

370 

610 

130 

390 

0.53 

1.3 

0.71 

0.53 

1530 

0.87 

46.8 

1 

1 

960 

6.4 

1.5 

2 

3420 

4.2 

1010 

78.1 
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J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

' . .. 

J 

J 

J 

J 

J 

J 

J 

J 

Maximum 
Concentration 

470 

110 

530 

990 

960 

860 

740 

560 

200 

370 

610 

130 

390 

-0.53 

55 

8 

0.53 

12200 

9.3 

117 

1 

3.4 

249000 

22 

9.7 

12.3 

26500 

25.1 

14700 

674 

J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---
J ---

0.5 

0.5 

0.5 

0.5 

J ---
J ---
J ---
J 0.57 - 0.99 

J 0.57 - 0.99 

J ---
---
---

J ---
J ---

---
J ---
J ---

• 

Location of Maximum I Site Above 
Concentration Background?(2) 

108B030002 ---
108B030002 ---
108B030002 ---
108B030002 ---
108B030002 ---
108B030002 ---

"~ 

108B030002 ---
108B030002 ---
108B030002 ---

~~ 
1 08 B030002 --- -~~ 

108B030002 --- ..... -::(~~ 

108B030002 ---
1 08 B030002 --- : ,.~ 

.- '-" 
108B090002 --- . --,.?;i 

108B050002 ---
108B030002 ---

1 08B030002-REM ---

108B050002 NO 

108B090002 NO 

108B050002 NO 

108B050002 NO 

108B020002 NO 

10SB080002 YES 

108B090002 NO 

108B090002 NO 

108B020002 NO 

108B090002 NO 

108B090002 NO 

10SB080002 YES 

108B090002 NO 



CAS 
Number Parameter 

7439-97-6 MERCURY 

7440-02-0 NICKEL 

7440-09-7 POTA881UM 

7440-62-2 VANADIUM 

7440-66-6 ZINC 

Miscellaneous Parameter (MEQI100 g) 

TABLE 7-3 
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Detection Minimum Minimum Maximum Maximum Range of 
Frequency(1) Concentration Qualifier Concentration Qualifier Nondetects 

3/10 0.04 0.04 0.03 - 0.05 

10/10 6.4 15.7 ---
2/10 321- J 506 J 401 - 493 

10/10 4.4 26.6 J ---
10/10 19.8 J 50 J ---

Location of Maximum Site Above 

Concentration Background?(2) 

108B050002, 
NO 

108B060002, 108B090002 

108B080002 NO 

108B050002 NO 

10SB090002 NO 

10SB090002 NO 

ICATION EXCHANGE CAPACITY 212 1.5 J 10 J 1 OS B020002 

Miscellaneous Parameter (S.U.) 

IpH 212 8 J 8.5 J 1 08 B080002 

Miscellaneous Parameter (mglkg) 

ITOTAL ORGANIC CARBON 212 . 1600 1900 108B020002 

• 

1 - Associated 8amples: 

10SB010002 

108B020002 

108B030002 

108B040002 

108B050002 

108B060002 

10SB070002 

108B080002 

10SB090002 

1 08B 1 00002 

10SB030002-REM 

2 - Background 8amples: 

BG18BA0101 

BG18BA0401 

BG18BP0401 

BG18BP0601 

BG18BP0701 

BG1SBP0801 

BG18BP0901 

BG3SBA0101 

BG38BA0301 

BG38BA0501 

SG38BM0201 

BG38BM0401 

BG38BM0601 

BG38BM0701 

BG3SBM0801 

• 

Note: 

--- = Not applicable. 

Bolding indicates that parameter is in excess 01 background. 

CA8 - Chemical abstract services. 

MEQ/100 g = Milliequivalents per 100 grams. 

S.U. = 8tandard units. 

Surface soil samples were collected lrom the 0 to 2 loot depth interval. Samples 

collected lor all analyses other than VOCs were taken lrom the lull interval. 8amples 

collected lor VOCs were taken Irom the 1 to 2 loot interval because the 0 to 1 loot interval 

would be depleted in VOCs. 

• 



• 
5ample Identification 

Depth Range (feet bgs) 

50ilGroup: 
--- --- --

5emi-Volatiles (l1g1kg) 

ACENAPHTHENE 

DI-N-OCTYL PHTHALATE 

Explosives (mglkg) 

HMX 

RDX 

2,4,6-Trirlilrotoluene 
- --- --

Inorganics (mglkg) 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

VANADIUM 

ZINC 

Miscellaneous Parameters 

CATION EXCHANGE CAPACITY (MEOJ100 g) 

pH (S.U.) 

TOTAL ORGANIC CARBON (mg/kg) 

• 
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1058010810 1058020709 1058030810 1058040305 1058050406 1058060507 1058070406 1058080406 

8 -10 7-9 8 -10 3-5 4-6 5-7 4-6 4-6 

8 8 8 8 8 _8 8 .!l __ ------ --

0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U 

0.50U 0.50 U 0.50 U 0.50 U 0.50 U 0.50U 0.50 U 

0.50U 0.50U 
---

0.50U 0.50U 0.50U_ ~.50U __ '-----0.50~ 

7340 J 9580 J 7320 J 8950 J 8890 J 7270 J 6910 J 5430 J 

0.90 U 0.96 U 0.88 U 0.90 U 1.4 0.87 U 0.94 U 0.82 U 

0.09 J 3.3 J 4.8 3.1 J 7.8 J 4.1 J 1.6 J 1.3 

21.1 J 122 J 61.6 J 52.8 J 64.0 J 33.5 J 56.3 J 22.3 J 

810 1660 1310 J 457 U 928 408 U 567 1080 J 

5.0 8.3 8.3 11.2 12.9 14.5 8.0 8.2 

4.1 11.6 6.0 2.9 4.1 5.0 3.5 5.5 

2.3 J 6.9 J 9.0 7.7 J 12.0 J 7.6 J 4.5 J 6.6 

2000 J 12300 J 13300 J 14000 J 19900 J 23000 J 11500 J 10200 J 

6.3 14.7 9.1 J 9.1' __ 15.6 12.8 6.9 7.5 J 

819 J 983 J 911 J 1180 J 1330 J 896 J 1000 J 1430 J 

18.8 J 1260 J 186 66.6 J' 150 J 212 J 34.5 J 29.8 

0.03 U 0.05 0.04 U 0.04 U 0.03 0.04 U 0.04 U 0.04 U 

5.1 10.4 8.5 6.1 7.8 5.6 6.5 9.8 

438 UJ 454 UJ 410 UJ 457 UJ 456 UJ 408 UJ 424 UJ 513 J 

2.6 J 18.8 J 17.1 20.3 J 22.0 J 23.8 J 15.5 J 8.3 

7.1 J 31.4 J 30.0 18.5 J 23.5 J 18.7 J 14.9 J 24.5 

7.8 J 10.0 9.6 J 

5.9 J 5.2 J 5.2 J 

1000 U 2000 2200 
-- --

• 
1058090204 1058100608 1058030810-REM 

2-4 6-8 

~ 
9_ 8 __ 

0.57 0.50 U. 44.3 

0.50U 0.50U 0.71 

~_ 0.50U 0.50 U 0.529 

-""1' 
9080 J 8590 J 

1.0 0.94 U 

12.2 J 4.6 .. ~ 
78.1 J 40.1 J 

998 525 J 
.~~ 

27.6 10.8 

20.6 3.7 

7.2 J 9.6 ~ • "<-' 

0' 
36600 J 16700 J - . 

20.6 10.0 J 

858 J 1260 J 

1140 J 173 

0.05 0.05 U 

7.2 6.9 

472 UJ 417 UJ 

33.8 J 19.7 

27.5 J 27.5 

8.5 J 9.4 J 

7.7 J 5.8 J 

3200 2900 
-



TABLE 7-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU10-ROCKEYE 

Blank cells indicate sample was not analyzed for this parameter. 

Data Validation Qualifiers: 

NSWC CRANE, CRANE, INDIANA 
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U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratory are reported in this 

manner. This qualifier is also added to a positive result (reported by the laboratory) if the detected concentration is determined to be attributable to contamination introduced during field 

sampling or laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit). is considered to be estimated based on problems encountered during 

laboratory analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UA - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is 

applied in cases of gross technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe calibration noncompliances, and extremely low quality 

control recoveries) . 

. A - Indicates that the chemical mayor may not be present. The positive analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross technical deficiencies. 

BU -Indicates that the chemical was detected in this sample as well as the associated laboratory method blank but has been qualified non-detected as a result of laboratory blank 

contamination (i.e., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is in excess of the blank 

action level. 

bgs = Below ground surface. 

MEQ = milliequivalents 

S.U. = Standard units. 

Soil Group 8 - Pennsylvanian subsurface clay and silt as per "Basewide Background Soil Investigation Aeport," NSWC Crane, Indiana (TtNUS, January 2001). 

Soil Group 9 - Pennsylvania subsurface 'sand as per "Basewide Background Soil Investigation Aeport: NSWC Crane, Indiana (TtNUS, January 2001) . 

• • • 
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o 

DI-N-OCTYL PHTHALATE 

Explosives (mglkg) 

2691-41-0 HMX 

121-82-4 RDX 

118-96-7 2,4,6-Trinitrotoluene 

Inorganics (mglkg) 

7429-90-5 ALUMINUM 

7440-36-0 ANTIMONY 

7440-38-2 ARSENIC 

7440-39-3 8ARIUM 

7440-70-2 CALCIUM 

7440-47-3 CHROMIUM 

7440-48-4 C08ALT 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-92-1 LEAD 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7439-97-6 MERCURY 

7440-02-0 NICKEL 

7440-09-7 POTASSIUM 

7440-62-2 VANADIUM 

7440-66-6 ZINC 

Miscellaneous Parameter (MEQ/l00 g) 

• 
TABLE 7-5 

SUBSURFACE SOIL ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU10-ROCKEYE 

2110 

1/10 

1/10 

10/10 

2110 

10/10 

10/10 

8110 

10/10 

10110 

10/10 

10/10 

10/10 

10110 

10110 

3/10 

10/10 

1/10 

10/10 

10/10 

NSWC CRANE, CRANE, INDIANA 

0.57 

0.71 

0.53 

5430 

1 

0_09 

21_1 

525 

5 

2.9 

2_3 

2000 

6.3 

819 

18.8 

0.03 

5.1 

513 

2.6 

7_1 

PAGE 1 OF 2 

J 

J 

J 

J 

J 

J 

11: J 

J 

J 

J 

J 

Maximum 
Concentration 

11 

1400 

44.3 

0.71 

0.53 

9580 

1_4 

12.2 

122 

1660 

27_6 

20_6 

12 

36600 

20.6 

1430 

1260 

0_05 

10_4 

513 

33.8 

31.4 

0.5 

---

J ---
0_82 - 0.96 

J ---
J ---

408 - 457 

---
---

J ---
J ---

---
J ---
J ---

0_03 - 0.05 

---
J 408 - 472 

J ---
J ---

Location of 
Maximum 

Concentration 

1 OSB03081 0 

1 OSB03081 0 

10SB030810-REM 

1 OSB03081 O-REM 

10SB030810-REM 
--- ---

10S8020709 

10S8050406 

10S8090204 

10S8020709 

10S8020709 

10S8090204 

10S8090204 

10S8050406 

10S8090204 

10S8090204 

10S8080406 

10S8020709 
10S8090204, 
10S8020709 

10S8020709 

105B080406 

10S8090204 

1058020709 

ICATION EXCHANGE CAPACITY 1 5/5 r==!.8 -I J 10 105B040305 

Miscellaneous Parameter (S.U_) 

IpH 5/5 1- 5.2 - 1 JI 7.7 J 105B090204 

Miscellaneous Parameter (mglkg) 

ITOTAL ORGANIC CARBON 4/5 1-- 2000- - 1 -1 3200 1000 10SB090204 

• 

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

YES 

YES 

YES 
~ .. ~1<: •• +.¥t 

YES 

YES ::>' ". r~;a;:r 

YES 

YES '-:~ 

YES 

YES ~ 

YES ~ 

YES 

YES 

YES 

YES 

NO 

YES 

YES 



• 

1 - Associated Samples: 

10SB010810 

10SB020709 

10SB030810 

10SB040305 

10SB050406 

10SB060507 

10SB070406 

10SB080406 

10SB090204 

10SB100608 

10SB030810-REM 

TABLE 7-5 

SUBSURFACE SOIL ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

2 - Background Samples: 

BG1SBP0806 

BG1SBP0103 

BG1SBP0204 

BG1SBP0206 

BG1SBP0305 

BG1SBP0406-MAX 

BG1SBP0505 

BG1SBP0603 

BG1SBP0804 

BG1SBP1004 

• 

--- = Not applicable. 

Bolding indicates that parameter is in 

excess of background. 

CAS = Chemical abstract services. 

MEQ/100 g = Milliequivalents per 100 grams. 

S.U. = Standard units. 

• 



• 
Well Number: 

Sample Identification 

explosives (I'g1L) 

1,3,5-TRINITROBENZENE 1.0 U' 0.70 U 1.7 U 

2,4,6:TRINITROTOLUENE 1.0 U 0.70 U 1.7 U 

2,6-DINITROTOLUENE 1.0 U 0.70 U 1.7 U 

2-AMINO-4,6-DINITROTOLUENE 1.0 U 0.70 U 1.7U 

4-AMINO-2,6-DINITROTOLUENE 1.7 J 0.70 U 1.7U 

HMX 12 0.70 U 1.7U 

RDX 4.9 0.70 U 1.7 U 

Inorganlcs (I'g1L) 

ALUMINUM 200 U 200 U 22300 J 

ARSENIC 0.18 1.0 U 1.0 U 

BARIUM 51.0 28.8 11.4 

BERYLLIUM 1.0 U 1.0 U 20.3 

CADMIUM 1.0 U 1.0 U 4.5 

CALCIUM 30000 131000 62500 

COBALT 3.0 U 7.8 299 

COPPER 2.0 U 2.0 U 8.5 

IRON 167 2400 23700 

LEAD 1.0 U 1.0 U 13.4 

MAGNESIUM 7080 J 22400 J 68000 J 

MANGANESE 15.0 U 643 5380 

MERCURY 0.20 U 0.20 U 0.20 U 

NICKEL 10.0 U 25.2 643 

POTASSIUM 5000 U 5000 U 5000 U 

SELENIUM 1.0 U 2.0 J 2.1 J 

SODIUM 5000 U 59800 J 103000 J 

THALLIUM 1.0 U 1.0 U 1.2 

ZINC 10.0 U 39.9 1660 

Filtered Metals (I'g1L) 

BARIUM, FILTERED 

CALCIUM, FILTERED 

COBALT, FILTERED I 
IRON, FILTERED I 

MAGNESIUM, FILTERED 

MANGANESE, FILTERED 

NICKEL, FILTERED 

SODIUM, FILTERED I 
ZINC, FILTERED 

-- I 
Miscellaneous Parameters (mglL) 

• 
TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

3.5 J 0.70 U 1.2 U 0.43 U 

26 J 0.70 U 1.2 U 0.43 U 

0.52 U 0.70 U 1.2 U 0.43 U 

20 0.70 U 1.2 U 0.43 U 

18 0.70 U 1.2 U 0.43 U 

240 0.70 U 1.2 U 0.43 U 

33 0.70 U 1.2 U 0.43 U 

200 U 200 U 461 J 200 U 

1.0 U 1.0 1.2 1.0 U 

104 20.9 10.1 65.1 

1.0 U 1.0 U 1.0 U 1.0 U 

1.0 U 1.0 U 1.0 U 1.0 U 

86800 45900 337000 124000 

3.0 U 3.0 U 163 3.0 U 

2.0 U 2.0 U 8.9 2.0 U 

286 17100 1450 955 

1.0 U 1.0 U 1.0 U .1.0 U 

10800 J 19800 J 326000 J 29100 J 

299 686 J 21800 176 

0.20 0.20 U 0.20 U 0.20 U 

18.5 10.0 U 695 10.0 U 

5000 U 5000 U 8310 J 8990 J 

1.0 U 1.0 U 6.6 J 1.0 U 

11600 J 19900 164000 J 39900 J 

1.0 U 1.0 U 1.0 U 1.0 U 

17.7 10.0 U 397 10.0 U 

• 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

0.58 U 0.49 U 0.52 U 0.68 U 

200 U 4200 J 3540 J . 200 U 

5.1 2.3 2.0 1.0 U 

54.8 10.0 8.2 19.4 

1.0 U 6.6 1.6 1.0 U 

1.0 U 1.0 U 1.0 U 1.0.U 

5000 U 107000 79100 27100 

17.4 140 60.2 3.0 U 

2.0 U 2.0 U 2.7 2.0 U 

20200 93700 8050 16300 

1.0 U 1.0 U 1.0 U 1.0 U 

5000 U 90100 J 59100 J 12200 J 

5390 6780 2230 698 

0.20 U 0.20 U 0.20 U 0.20 U 

12.0 299 283 10.0 U 

5000 U 8150 J 5000 U 5000 U 

1.0 U 1.3 J 6.1 J 1.0 U 

24000 J 88100 J 185000 J 13200 J 

1.0 U 1.0 U 1.0 U 1.0 U 

11.8 291 315 10.0 U 

INITRITE/NITRATE -, 0.30 0.010 U 0.020 U 0.40 T 0.050 0.040 U 0.090 0.25 U 0.030 rr=o.20 U 0.20 U 

'-, 
. ~-

.~~ 

-' . ~ 

?o; 

:"1 



• 

Well Number: 

Sample Identification 

Explosives (Ilg/L) 

1,3,5-TRINITROBENZENE 

2,4,6-TRINITROTOLUENE 

2,6-DINITROTOLUENE 

2-AMINO-4,6-DINITROTOLUENE 

4-AMINO-2,6-DINITROTOLUENE 

HMX 

J'lQ>< 
Inorganics (Ilg/L) 

ALUMINUM 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SODIUM 

THALLIUM 

~ 
Filtered Metals (Ilg/L) 

BARIUM, FILTERED 

CALCIUM, FILTERED 

COBALT, FILTERED 

IRON, FILTERED 

MAGNESIUM, FILTERED 

MANGANESE, FILTERED 

NICKEL, FILTERED 

SODIUM, FILTERED 

ZINC, FILTERED 

Miscellaneous Parameters (mg/L) 

TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

0.29 U 0.61 U 0.49 U 0.90 U 2.7 J 0.73 U 

0.29 U 0.61 U 0.49 U 0.90 U 56 J 5.8 J 

0.29 U 0.61 U 0.49 U 0.90 U 1.5 0.73 U 

0.29 U 0.61 U 0.49 U 0.90 U 2.8 7.2 

0.29 U 0.61 U 0.49 U 0.90 U 3.7 15 

0.29 U 0.61 U 0.49 U 0.90 U 59 91 

0.29 U 0.61 U 0.49 U 0.90 U 240 21 
-

1640 J 200 U 200 U 200 U 200 U 200 U 

0.63 0.22 1.2 1.0 U 1.0 U 1.0 U 

9.1 7.9 8.0 17.9 40.6 57.7 

2.5 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

55700 154000 88400 17000 5000 U 26100 

145 154 72.7 3.0 U 14.6 3.0 U 

13.3 2.0 U 34.8 2.0 U 2.1 2.0 U 

31400 39700 497 22200 612 100 U 

1.2 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

34500 J 105000 J 90800 J 11800 J 5000 U 5370 J 

9100 J 20900 J 8050 J 897 336 15.0 U 

0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 

281 273 148 10.0 U 43.3 10.0 U 

5000 U 10200 J 5000 U 5000 U 5000 U 5000 U 

3.9 1.0 U 9.3 1.0 U 1.0 U 1.0 U 

118000 24800 252000 15700 J 11000 J 6870 J 

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

290 275 139 1.0.0 U 70.0 10.0 U 

0.64 U 

0.64 U 

0.64 U 

0.64 U 

0.64 U 

0.64 U 

0.64 U 

200 U 

1.0 U 

22.6 

1.0 U 

1.0 U 

35300 

26.7 

2.0 U 

17300 

1.0 U 

23300 J 

3330 

0.20 U 

72.9 

5000 U 

1.0 U 

t8400 J 

1.0 U 

67.9 

I NITRiTE/NITRATE 0.050 0.040 0.16:::r 0.040 0.040 U. 0.33 0.020 U 

• 

27.5 

33400 

31.3 

3510 

24600 J 

3940 

89.2 

22400 J 

114 

• 



• • 
TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

1 - Samples analyzed for VOGs only and none were detected. 

2 - Sample was designated as the SWMU 10 up gradient ground water sample. 

Blank cells indicate sample was not analyzed for this parameter. 

Data Validation Qualifiers: 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specilic quantitation limit) noted. Nondetected results from the laboratory are reported in this manner. 

This qualilier is also added to a positive' result (reported by the laboratory) if the detected concentration is determined to be aNributable to contamination introduced during field sampling or 

laboratory analysis. 

UJ - Indicates that the chemical was not detected. However. the detection limit (sample-specific quantitation limit) is considered to be estimated based on problems encountered during laboratory 

analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However. the associated numerical result is not a precise representation of the amount that is actually present in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UA - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies (Le., holding times missed by a factor of two times the specified time limit, severe calibration noncompliances. and extremely low quality control 

recoveries). ,t"J-' 

A - Indicates that the chemical mayor may ncit be present. The positive analytical result reported by thii" laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross technical defiCiencies. 

BU - Indicates that the chemical was detected in this sample as welt as the associated laboratory method blank but has been qualified non-detected as a result of laboratory blank contamination 

(Le .• concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank. and is considered estimated because the concentration is in excess of the blank action level. 

.' 

• 
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CAS 
Number Parameter 

--

Explosives (I!g1L) 

99-35-4 l,3,5-TRINITROBENZENE 

118-96-7 2,4,6-TRINITROTOLUENE 

606-20-2 2,6-DINITROTOLUENE 

35572-78-2 2-AMINO-4,6-DINITROTOLUENE 

19406-51-0 4-AMINO-2,6-DINITROTOLUENE 

2691-41-0 HMX 

~!l?-4 RDX 

Inorganics (I!g1L) 

7429-90-5 ALUMINUM 

7440-38-2 ARSENIC , 

7440-39-3 BARIUM 

7440-41-7 BERYLLIUM 

7440-43-9 CADMIUM 

7440-70-2 CALCIUM 

7440-48-4 COBALT 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-92-1 LEAD 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7439-97-6 MERCURY 

7440-02-0 NICKEL 

7440-09-7 POTASSIUM 

7782-49-2 SELENIUM 

7440-23-5 SODIUM 

7440-28-0 THALLIUM 

7440-66-6 ZINC 

• 

TABLE 7-7 

GROUND WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10- ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Location of 
Detection Minimum Minimum Maximum Maximum Range of Maximum. 

Frequency(1) Concentration Qualifier Concentration Qualifier Nondetects Concentration 

2/17 2.7 J 3.5 J 0.29 - 1.7 10GW1701 

3/17 5.8 J 56 J 0.29 - 1.7 10GWC5501 

1/17 1.5 1.5 0.29 - 1.7 10GWC5501 

3/17 2.8 20 0.29 -1.7 10GW1701 

4/17 1.7 J 18 0.29 -1.7 10GW1701 

4/17 12 240 0.29 - 1.7 10GW1701 

4/17 4.9 240 0.29 - 1.7 10GWC5501 

5117 461 J 22300 J 200 10GW1601 

9117 0.18 5.1 1 10GWC33P201 

17/17 7.9 104 - 10GW1701 

4/17 1.6 20.3 1 10GW1601 

1/17 4.5 4.5 1 10GW1601 

15/17 26100 337000 5000 10GWC31P301 

11/17 7.8 299 3 10GW1601 

6/17 2.1 34.8 2 10GWC41P301 

16/17 167 93700 100 10GWC3501 

2117 1.2 13.4 1 10GW1601 

15/17 5370 J 326000 J 5000 10GWC31P301 

15/17 176 21800 15 10GWC31P301 

1/17 0.2 0.2 0.2 10GW1701 

12117 12 695 10 10GWC31P301 

4/17 8150 J 10200 J 5000 10GWC4101 

7/17 1.3 J 9.3 1 10GWC41P301 

16/17 6870 J 252000 5000 1 OGWC41 P301 

1117 1.2 1.2 1 10GW1601 

12117 11.8 1660 10 10GW1601 

• 

Site Above 

Upgradient Upgradient 
Concentration? Value(2) 

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

ND YES 

ND YES 

17.9 YES 

ND YES 

ND YES 

17000 YES 

ND YES 

ND YES 

22200 YES 

ND YES 

11800 YES 

897 YES 

ND YES 

ND YES 

ND YES 

ND YES 

15700 YES 

ND YES 

ND YES 

• 



• 

CAS 
Number Parameter 
------ --- ----

Filtered Metals (Ilg/L) 

7440-39-3 BARIUM, FILTERED 

7440-70-2 CALCIUM, FilTERED 

7440-48-4 COBALT, FilTERED 

7439-89-6 IRON, FilTERED 

7439-95-4 MAGNESIUM, FilTERED 

7439-96-5 MANGANESE, FilTERED 

7440-02-0 NICKEL, FilTERED 

7440-23-5 SODIUM, FilTERED 

7440-66-6 ZINC, FilTERED 

Miscellaneous Parameters (mg/L) 

• 
TABLE 7-7 

GROUND WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Location of 
D~iection Minimum Minimum Maximum Maximum Range of Maximum 

Frequency(l)_ Concentration Qualifier Concentration Qualifier Nondetects Concentration 

1/1 27.5 27.5 --- 10GWC5701-F 

1/1 33400 33400 --- 10GWC5701-F 

1/1 31.3 31.3 --- 10GWC5701-F 

1/1 3510 3510 --- 10GWC5701-F 

1/1 24600 J 24600 J --- 10GWC5701-F 

1/1 3940 3940 --- 10GWC5701-F 

1/1 89.2 89.2 --- 10GWC5701-F 

1/1 22400 J 22400 J --- 10GWC5701-F 

1/1 114 114 --- 10GWC5701-F 

Upgradient 
Value(2) 

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

I NITRITE/NITRATE 9/18 0.040 I =-::=1--0.400 0.010-0.25 10GW1701 0.04 

1 - Associated Samples: 

10GW0201 10GWC3501 

10GW0301 10GWC35P201 

10GW1601 10GWC3701 

10GW1701 10GWC37P301 

10GWC2601 10GWC4101 

2 - Upgradient Sample: 

.. 10GWC5201 
~',,,: . 

----' = Not applicable. 

• 
Site Above 
Upgradient 

Concentration? 

---
---
---
---
---
---
--- ~" 

----
---

',' 

10GWC26P301 

10GWC3101 

10GWC41P301 

10GWC5501 

Bolding indicates parameter is in excess 01 upgradient concentration. 

. ND = Not detected. 

10GWC31P301 10GWC55P201 CAS = Chemical abstract services. 

10GWC3301 10GWC5701 

10GWC33P201 10GWC5701-F 

'&:J 

~:.~~ 
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TABLE 7-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Isample Identification IIOSWOIOI-F IIOSW0201-F IIOSW0301-F IIOSW0401-F IIOSW0501-F IIOSW0601-F IIOSW0701-F IIOSW0801-F I IOSW0901-F IIOSWIOOI-F IIOSWIIOI-F I IOSW1201-F I 10SW0101] 

Explosives (I1g1L) 

2,4,6-TRINITROTOLUENE 1.1 U 

2-AMINO-4,6-DINITROTOLUENE 1.1 U 

4-AMINO-2,6-DINITROTOLUENE 1.1 U 

HMX 1.1 U 

RDX 1.1 U 

Inorganlcs (I1g1L) 

ALUMINUM 260 J 

ARSENIC 0.24 

BARIUM . 41.6 

CALCIUM 6540 

COPPER 2.0 U 

IRON 278 J 

LEAD 1.0 U 

MAGNESIUM 5000 U 

MANGANESE 29.2 J 

SODIUM 5000 U 

ZINC 10.0 U 

Fillered Metals (I1g1L) 

ANTIMONY, FILTERED 1.0 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

ARSENIC, FILTERED 0.19 0.28 0.21 0.27 0.25 0.17 0.26 0.23 1.6 0.68 0.40 0.27 

BARIUM, FILTERED 39.3 23.1 30.7 27.6 31.8 36.5 25.7 27.6 80.3 39.8 46.7 39.0 

CALCIUM, FILTERED ·6360 19800 9480 16000 11300 8400 18700 15200 80100 37300 32000 15600 

IRON, FILTERED 141 100 U III 216 195 116 149 209 259 200 962 158 

MAGNESIUM, FILTERED 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 10400 J 7260 J 5000 U 5000 U 

MANGANESE, FILTERED 22.1 15.0 U 15.0 U 15.0 U 16.8 23.8 15.0 U 97.0 43.4 49.0 139 74.9 

SODIUM, FILTERED 5000 U 14100 J 6190 J 6390 J 8370 J 5280 J 8290 J 5000 U 106000 J 35200 J 15000 J 7910 J 

ZINC, FILTERED 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.3 102 10.0 U_ 10.0 U 10.0 U. 

Miscellaneous Parameters (mglL) 

IHARDNESS I I I I I I , , , I I I 27.0 

'NITRATE/NITRITE I I , I I I , , , I I I 0.090 

'TOTAL SUSPENDED SOLIDS , , I I I I , , I I I I . 5.00 J 

• • • 



• 
I Sample Identification 

Explosives ("giL) 

2,4,6-TRINITROTOLUENE 

2-AMINO-4,6-DINITROTOLUENE 

4-AMINO-2,6-DINITROTOLUENE 

HMX 

RDX 

Inorgamcs ("giL) 

ALUMINUM 

ARSENIC 

BARIUM 

CALCIUM 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

SODIUM 

ZINC 

Filtered Melals ("giL) 

ANTIMONY, FILTERED 

ARSENIC, FILTERED 

BARIUM, FILTERED 

CALCIUM, FILTERED 

IRON, FILTERED 

MAGNESIUM, FILTERED 

MANGANESE, FILTERED 

SODIUM, FILTERED 

ZINC, FILTERED 

Miscellaneous Parameters (mglL) 

IHARDNESS I 
IN'ITRATEINITRITE , 
'TOTAL SUSPENDED SOLIDS , 

• 
TABLE 7-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

10SW0201 10SW0301 10SW0401 I 10SWOSOI I 10SW0601 I 10SW0701 I 10SW0801 10SW090l 10SW100l 10SW1101 10SW1201 

1.2 U 0.82 U 2.6 1.6 0.99 U 4.4 0.90 U 0.53 U 0.87 U 1.3 U 1.0 U 

1.2 U 0.82 U 0.41 J 0.36 U 0.99 U 0.60 U 0.90 U 0.53 U 0.87 U 1.3 U 1.0 U 

1.2 U 0.82 U 1.1J 0.96 J 0.99 U 1.4 0.90 U 0.53 U 0.87 U 1.3 U 1.0 U 

1.2 U 0.82 U 19 13 6.4 22 0.90 U 7.5 0.87 U 18 8.4 

1.2 U 0.82 U 11' 7.5 2.6 18 0.90 U 2.3 J 0.87 U 5.1 1.9 

200 U 295 J 488 J 447 J 357 J 283 J 837 J 277 J 299 J 341 J 213 J 

0.28 0.29 0.42 0.41 0.30 0.33 0.53 1.8 0.71 0.44 0.34 

24.1 35.4 321 38.6 39.5 27.1 35.4 86.4 43.0 38.7 39.9 

21300 10200 17000 12000 8590 18500 16300 85900 39400 27600 16300 

2.0 U 2.0 U 2.0 U 2.0 U ._ 2.0 U 2.0 U 2.0 U 2.0 2.0 U 2.0 U 2.0 U 

181 J 385 J 615 J 574 J_ 401 J 397 J 877 J 547 J 438 J 1120 J 305 J 

1.0 U 1.0 U 1.0 U 1.0 U;· 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 11100 J 7560 J 5000 U 5000 U 

15.0 U 26.0 J 25.7 J 34.3 J 38.6 J 15.0 U 125 J 49.1 J 57.3 J 112 J 73.6 J 

14800 J 6650 J 6640 J 8730 J 5100 J 8050 J 5000 U 110000 J 35800 J 12000 J 8030 J 

10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 11.2 113 10.0 U 10.0 U 10.0 U 

60.0 , 36.0 , 52.0 39.0 33.0 53.0 J 56.0 1 260 -' 130 L 87.0 J 55.0 

0.41 , 0.27 I 0.30 0.28 0.26 0.30 I 0.18 I 1.60 I 0.29 I 0.54 I 0.45 

3.00 J I 9.00 J I 15.0 J 10.0 J 26.0 J 8.00 J I 13.0 J I 50.0 J I 2.00 UJ I 4.00 J I 2.00 UJ 

• 
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TABLE 7-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

Blank cells indicate sample was not analyzed lor this parameler. 

Data Validation Qualifiers: 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

U - fndicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results Irom the laboratory are reported in this manner. 

This qualifier is atso added to a positive result (reported by the laboratory) it the detected concentration is determined to be attributable to contamination introduced during field sampling'or 

laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is considered to be estimated based On problems encountered during laboratory 

analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The non detected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe calibration noncompliances, and extremely low quality control 

recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross technical deficiencies. 

BU - Indicates that the chemical was detected in this sample as well as the associated laboratory method blank but has been qualified non-detected as a result.of laboratory blank contamination 

(I.e., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank:and'is considered estimated because the concentration is in excess of the blank action level. 

• • 
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TABLE 7-9 

SURFACE WATER ANALYTICAL RESUTLS SUMMARY STATISTICS 
SWMU 10- ROCKEYE 

Parameter 

118-96-7 2,4,6-TRINITROTOLUENE 

35572-78-2 2-AMINO-4,6-DINITROTOLUENE 

19406-51-0 4-AMINO-2,6-DINITROTOLUENE 

2691-41-0 HMX 

121-82-4 RDX 

Inorganics (~g/L) 

7429-90-5 ALUMINUM 

7440-38-2 ARSENIC 

7440-39-3 BARIUM 

7440-70-2 CALCIUM 

7440-50-8 COPPER 

7439-89-6 IRON 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7440-23-5 SODIUM 

7440-66-6 ZINC 
- -- --

Filtered Metals (~g1L) 

7440-36-0 ANTIMONY, FILTERED 

7440-38-2 ARSENIC, FILTERED 

7440-39-3 BARIUM, FILTERED 

7440-70-2 CALCIUM, FILTERED 

7439-89-6 IRON, FILTERED 

7439-95-4 MAGNESIUM, FILTERED 

7439-96-5 MANGANESE, FILTERED 

7440-23-5 SODIUM, FILTERED 

7440-66-6 ZINC, FILTERED 
---

Miscellaneous Parameters (mglL) 

HARDNESS 

14797-55-8 NITRATE 

TOTAL SUSPENDED SOLIDS 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Detection Minimum 
Frequency(l) I Concentration 

3/12 1.6 

1/12 0.41 J 

3/12 0.96 J 

7/12 6.4 

_ 7/1~ _ 
-

1.9 __ 
---

11/12 213 J 

12/12 0.24 

12112 24.1 

12112 6540 

1/12 2 

12112 181 J 

2112 7560 J 

10/12 25.7 J 

10/12 5100 J 

2/12 11.2 

1/12 1 

12/12 0.17 

12112 23.1 

12112 6360 

11/12 111 

2/12 7260 J 

8/12 16.8 

10/12 5280 J 

2/12 10.3 

12112 27 

12/12 0.09 

10/12 3 J 

Maximum 
Concentration 

.4.4 

0.41 

1.4 

22 

18 
- -

837 

1.8 

86.4 

85900 

2 

1120 

11100 

125 

110000 

113 

1 

1.6 

80.3 

80100 

962 

10400 

139 

106000 

102 

260 

1.6 

50 

0.53 - 1.3 

J 0.36 - 1.3 

0.53 - 1.3 

0.82 - 1.2 

0.82 - 1.2 
- -

J 200. 

---
---
---
2 

J ---
J 5000 

J 15 

J 5000 

10 

1 

---
---
---

100 

J 5000 

15 

J 5000 

10 

---
---

J 2 

Location of Maximum 
Concentration 

10SW0701 

10SW0401 

10SW0701 

10SW0701 

10SW0701 
- - - --

10SW0801 

10SW0901 

10SW0901 

10SW0901 

10SW0901 

10SW1101 

10SW0901 

10SW0801 

10SW0901 

10SW0901 

10SW0101-F 

10SW0901-F 

10SW0901-F 

10SW0901-F 

10SW1101-F 

10SW0901-F 

10SW1101-F 

10SW0901-F 

10SW0901-F 

10SW0901 

10SW0901 

10SW0901 

• 
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Parameter 

TABLE 7-9 

SURFACE WATER ANALYTICAL RESUTLS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

. NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Detection I Minimum 
Frequency') Concentration 

1 - Associated Samples: 

Maximum 
Concentration 

Location of Maximum 
Concentration 

10SVV0101 10SVV0501 10SVV0901 CAS = Chemical abstract services. 

10SVV0101-F 

10SVV0201 

10SVV0201-F 

10SVV0301 

10SVV0301-F 

10SVV0401 

10SVV0401-F 

--- Not applicable . 

10SVV0501-F 10SVV0901-F 

10SVV0601 10SVV1001 

10SVV0601-F ·10SVV1001-F 

10SVV0701 

10SVV0701-F 

10SVV0801 

10SVV0801-F 

10SVV1101 

10SVV1101-F 

10SVV1201 

10SVV1201-F 

• • 



• 
Sample Identification 

Depth Range (inches) 

Energetics (mglkg) 

• 
TABLE 7-10 

SUMMARY OF POSITIVE SEDIMENT ANAL YTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

IHMX 0.50 U CO.50 U =r-O.50 U 0.50 U 0.50 U 0.50 U 51 0.50 U 0.50 U . 0.50 U 0.50 U 0.50 U 

Inorganics (mglkg) 

ALUMINUM 8060 4810 5130 7260 6210 4430 6020 9190 8310 7370 6880 6370 

ANTIMONY 1.2 U 1.1 U 1.1U 1.8 2.2 0.98 U 1.1 U 1.4 1.2 U 0.98 U 1.0 U 1.1U 

ARSENIC 10.4 J 3.1 J 6.6 J 34.2 J 15.9 J 6.2 J 4.0 J 22.0 J 7.4 J 6.4 J 6.8 J 16.7 J 

BARIUM 155 J 45.2 J 70.3 J 133 J 95.7 J 93.6 J 78.0 J 121 J 67.9 J 65.3 J 82.6 J 276 J 

BERYLLIUM 1.6 J 1.0 U 1.0 U 1.4 J 1.9 J 0.98 U 1.0 U 2.1 J 1.2 U 1.0 U 0.99 U 1.8 J 

CADMIUM 1.1U 1.0 U 1.0 U 1.4 J 2.0 J 0.98 U 2.4 J 1.1 U 1.2 U 1.0 U 0.99 U 1.3 J 

CALCIUM 1260 1620 564 1180 1070 773 3840 1330 5920 1660 2160 997 

CHROMIUM 25.5 J 9.0 J 13.7 J 65.7 J 45.4 J 13.7 J 9.2 J 32.4 J 11.0.J 10.4 J 12.8 J 32.6 J 

COBALT 29.4 J 6.0 J 17.0 J 24.7 J 24.5 J 14.3 J 6.3 J 51.8 J 9.0 J 12.2 J 14.0 J 41.7 J 

COPPER 9.7 J 8.0 J 9.6 J 11.9 J 13.4 J 7.5 J 7.7 J 16.9 J 10.4 J 7.5 J 11.2 J 10.3 J 

IRON 29800 J 13800 J 20600 J 71100 J 57700 J 19700 J 12100 J 52800 J 18300 J 14800 J 20400 J 47100 J 

LEAD 25.5 J 13.3 J 17.5 J 37.0 J 26.7 J 16.2 J 19.2 J 32.9 J 185 J 16.2 J 17.1 J 26.4 J 

MAGNESIUM 997 613 696 487 U 607 U 490 U 1230 805 1590 1010 1020 550 U 

MANGANESE 2360 J 165 J 652 J 2300 J 1970 J 979 J 445 J 3360 J 625 J 985 J 778 J 3900 J 

MERCURY 0.06 UJ 0.04 UJ 0.05 UJ 0.05 J 0.07 UJ 0.05 UJ 0.05 UJ 0.04 J 0.06 UJ 0.05 UJ 0.05 UJ 0.03 UJ 

NICKEL 44.5 J 8.2 J 17.6 J 15.4 J 29.4 J 18.8 J 7.5 J 44.6 J 7.9 J 15.9 J 9.8 J 32.0 J 

VANADIUM 30.0 J 13.2 J 18.1 J 63.2 J 40.0 J 15.0 J 15.4 J 42.9 J 21.5 J 20.7 J 21.0 J 39.1 J 

ZINC 79.5 J 58.3 J 40.6 J 46.5 J 71.0J 36.5~ '---- 59.3 J_ 98.1 J 301 J 62.8 J 40.0 J 90.8 J 

Miscellaneous Parameters (mglkg) 

I TOTAL ORGANIC CARBON 22000 J 4000 J 7900 J 5500 J 9300 J 18ooOT-1 9700 J 6800 J 18000 J 6900 J 11000 J 13000 J 

Data Validation Qualiliers: 

U - Indicales that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratory are reported in this manner. 

This quatifier is also added to a positive result (reported by the laboratory) if the detected concentration is determined to be attributable to contamination introduced during field sampling or 

laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detection limit (sample-specific quantitation limit) is considered to be estimated based on problems encountered during laboratory 

analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical result is not a precise representation of the amount that is actually present in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - Indicates that the chemical mayor may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies (i.e" holding times missed by a factor of two times the specified time limit, severe calibration noncompliances, and extremely low quality control 

recoveries). 

R - Indicates that the chemical mayor may not be present. The positive analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross technical deficiencies.. . 

BU - Indicates that the chemical was detected in this sample as well as the associated laboratory method blank but has been qua'tified non-detected as a result of laboratory blank contamination 

(i.e., concentration was less than the blank action level). 

BJ - Indicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentration is in excess of the blank action level. 

• 
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Parameter 

Explosives (mglkg) 

TABLE 7-11 

SEDIMENT ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

Maximum 
Concentration 

Location of Maximum 
Concentration 

12691-41-0IHMX r- 1/12 51 51 0.5 10S0070006 

Inorganics (mg/kg) 

7429-90-5 ALUMINUM 12112 4430 9190 0 10S0080006 

7440-36-0 ANTIMONY 3/12 1.4 2.2 0-1.2 10S0050006 

7440-38-2 ARSENIC 12/12 3.1 J 34.2 J 0 10S0040006 

7440-39-3 BARIUM 12112 45.2 J 276 J 0 10S0120006 

7440-41-7 BERYLLIUM 5/12 1.4 J 2.1 J 0-1.2 10S0080006 

7440-43-9 CADMIUM 4/12 1.3 J 2.4 J 0-1.2 10S0070006 

7440-70-2 CALCIUM 12/12 564 5920 0 10S0090006 

7440-47-3 CHROMIUM 12/12 9 J 65.7 J 0 10S0040006 

7440-48-4 COBALT 12/12 6 J 51.8 J 0 10S0080006 

7440-50-8 COPPER 12/12 7.5 J 16.9 J 0 .. 10S0080006 

7439-89-6 IRON 12/12 12100 J 71100 J 0 10S0040006 

7439-92-1 LEAD 12/12 13.3 J . 37 J 0 .10S0040006 

7439-95c4 MAGNESIUM 8/12 613 1590 0-607 10S0090006 

7439-96-5 MANGANESE 12/12 165 J 3900 J 0 10S0120006 

7439-97-6 MERCURY 2112 0.04 J 0.05 J 0-0.07 10S0040006 

7440-02-0 NICKEL 12/12 7.5 J 44.6 J 0 10S0080006 

7440-62-2 VANADIUM 12/12 13.2 J 63.2 J 0 10S0040006 

7440-66-6 ZINC 12/12 36.5 J 301 J 0 10S0090006 
- --

Miscellaneous Parameter (mglkg) 

ITOTAL ORGANIC CARBON I 12112 4000-, J - I 22000 J 0 10S0010006 

1 - Associated Samples: 

1 OS001 0006 10S0070006 

10S0020006 

10S0030006 

10S0040006 

10S0050006 

10S0060006 

10S0080006 

10S0090006 

10S0100006 

10S0110006 

10S0120006 

--- = Not applicable. 

CAS = Chemical abstract services. 

• • 



• 
Scenario Timeframe: CurrenUFuture . 
Medium: Soil 
Exposure Medium: Suriace 5011 
Exposure Point: SUrface Soil 

• 
TABLE 7-12 

OCCURRENCE, DISTRIBUTION, AND SELECTIONOF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF2 

• 

CAS 
Number 

Chemical 
Minimu~ I Minimum I Maximu~ I Maximum 

Concentration a I·f· Concentration a I'f' 
(1) ua I ler (1) , ua I ler 

Units 
Location of 
Maximum 

Concentration 

Site Above 

I Concentration I Background Detection Range of Used for '? 
Frequency I Nondetects (2) Screening (3) (4) (1) 

Risk-Based 
COPC 

Screening 
Level (5) 

Rationale for 
Potentiat I Potential ICOPcl Contaminant 

ARARlTBC ARARITBC Flag Deletion or 
Value Source Selection (6) 

LE 
208--96-8 ACENAPHTHYLENE J m Ik 10SB030002' 111 B5L 
120-12-7 ANTHRACENE J m 105B030002 111 B5L 
56-55-3 0,53 0,53 m 105B030002 111 0,53 NA IDEM 
50-32-8 0,99 0,99 m Ik 1058030002 111 0,99 ,NA IDEM 
205-99-2 0,96 0,96 m Ik 105B030002 111 0,96 NA IDEM 
191·24-2 0,86 0,86 m Ik 105B030002 111 0.86 NA 5500 8 IDEM 
207-08-9 0,74 0,74 m 1058030002 111 0.74 NA 50 IDEM 
218-01-9 0,56 0,56 m Ik 105B03OO02 111 0,56 NA 62 500 IDEM No 6 
53-70-3 • • 0,2 0,2 mglkg 105B030oo2 111 0,2 NA ~ IDEM 

FLUORANTHENE IDEM 
INDENO 1,2,3-CD PYRENE IDEM 
PHENANTHRENE IDEM 
PYRENE IDEM 

No 
No 
No 

No 

6 
B 

.. :S5L 
B5L 

:i 
:,¥!c 
Ij,~'-i: 
d:o!, 
,-~ 

...... t'i", 

. .It;: 
EXPLOSIVES "'-,'.,." ",;..,0 
35572-78-2 • . •• ••• 0,53 0,53 m 105B090002 1/10 0,5 0,53 NA N NA IDEM ;, _ ,~. " " -,7t~:' 
2691-41-0 HMX 1.3 55 m 105B050002 5110 0,5 55 NA 310 N NA IDEM No B5L·' ,'" .,,' '.' ,\,,,,~,: 
121-82-4 1.6 8 m 1056030002 2110 0,5 NA C NA IDEM ,'. '-_: ":-:iI,';', 
INORGANICS T, .. ' •• '.:':'l 
7429-90-5 ALUMINUM 1530 J 12200 J mgll<g 105B050002 10/10 --- 12200 No ... N NA IDEM No BKG --W; 
7440-38-2 AR5ENIC 0,87 9.3 J mg/kg 1056090002 10110 --- 9,3 No I' C • IDEM No BKG '~ 
7440-39-3 BARIUM 46.8 'J 117 J mgJl<g 105B050002 10/10 --- 117 No 540 N 23000 IDEM No . B5L,BKG '"',' 
7440-41-7 BERYLLIUM 1 J 1 J mglkg 105B050002 1/10 0,57 - 0.99 1 No 15 N 680 IDEM No B5L,6KG ':4 
7440-43-9 CADMIUM 1 J 3.4 J mg/kg 1056020002 . 2110 0.57 - 0,99 3.4 No 3.7 'N 12 IDEM No B5L,BKG - ,:~ 
7440-70-2 CALCIUM 960 J 249000 J mglkg 105B080002 10/10 --- 249000 . NA NA IDEM No NUT ',p 
7440-47-3 CHROMIUM 6.4 22 mg/kg 1058090002 10/10 --- 22 No 30 10 C 430 10 IDEM No B5L,BKG ,~., 
7440-48-4 COBALT 1.5 9.7 mgJl<g 105B090002 10/10 --- 9.7 No 470 N NA IDEM No B5L,BKG 
7440-50-8 COPPER 2 12,3 J mglkg 105B020002 10/10 --- 12.3 No 290 N 13000 IDEM No B5L,BKG 
7439-89-6 IRON 
7439-92-1 LEAD B5L,BKG 
7439-95-4 MAGNE51UM NUl 
7439-96-5 MANGANE5E ____ BKC 

MERCURY 65L.BKG 
NICKEL B5L.BKG 

7440-09-7 IP01A55IUM__ 1 __ 321_-----.l 506 mglkg 105B050002 2110 401 - 493, 506 No NA -I NA -I'-IDEMINO INUt.BKG 
17440-62·2 IVANADIUM 4.4 26.6 _J 1---"'flII<g 1_1QSB090002 I 10/10 - I 26,6 No l-----SS ~NA IDEM I No B5L,BKG 
7440-66-6 IZINC ==r== 19.8 50 mglkg 105B090002 10/10 50~1-Io------.l 2300_N 1.100000 I _-,OEM 1 NoJ B5L,BKG 



CAS 
Number 

Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

Chemical 

TABLE 7·12 

OCCURRENCE, DISTRIBUTION, AND SELECTIONOF CHEMICALS OF POTENTIAL CONCERN· DIRECT CONTACT WITH SURFACE SOIL 
SWMU 10· ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Minimum Maxinium Location of Detection Concentration 
Site Above Risk·Based 

Concentration 
Minimum 

Concentration 
Maximum 

Units Maximum Frequency 
Range of 

Used for 
Background CO PC 

(1) 
Qualifier 

(1) 
Qualifier 

Concentration (1) 
Nondetects (2) 

Screening (3) 
? Screening 

(4) Level (5) 

Potential Potential 
Rationale for 

ARARITBC ARARITBC 
COPC Contaminant 

Value Source 
Flag Deletion or 

Selection (6) 

MISCELLANEOUS PARAMETERS 

• 

CATION EXCHANGE CAPACITY 1.5 10 meQ/l00 10SB020002 212 
H 8.5 S.U. 10SB080002 212 

TOTAL ORGANIC CARBON 1600 1900 m 10SB020002 212 

~: 
1 Only the original 01 duplicate sample was used for COPC selection. The duplicate was used lor quality control purposes only. 
2 Values presented are sample~specific quantltalion limits. 
3 The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels, soil concentrations were 
compared 10 base-wide background data presented in the Basewlde Background Soillnvesligation Report 
(ltNUS, Inc., January 2001) by means 01 the Wilcoxon Rank Sum Tesl. II the Wilcoxon Test 
determined that a constituent concentration was not signilicanty different from background, that 
chemical yvas not selected as a COPC. 

S The risk·based soil cope screening level lor residentialtand use is presented. The value is based on a 
target Hazard Quotient of 0.1 for·noncarcinogens (denoted with a ·W lIag) or an incremental cancer 
risk 01 1 E·6 lor carcinogens (denoled with a ·C· lIag) (U.S. EPA, Region 9, November 2000). 

6 The chemical is selected as a CO PC II the maximum detected concentration exceeds the risk·based 
CO PC screening level andior an ARARlTBC(s). 

7 Acenaphthene is used as a surrogate lor acenaphthylene. 
8 Pyrene is used as a surrogate lor benzo(g,h,l)perylene and phenanthrene. 
9 Value is for aminodinitrotoluenes (U.S. EPA, Region 3, October 2001) 
10 Hexavalent chromium. 
11 OSWER soil screening level for residential land use (U.S. EPA, July 1994). 
12 Value is lor mercuric chloride (U.S. EPA, Region 3, October 2001). 

10 NA NA NA NA No 
8.5 NA NA NA NA No 

1900 NA NA NA NA No 

Definitions: 
ARARlTBC = Applicable or Relevant and Appropriate RequiremenUto be considered. 
C = Carcinogen. 
CAS = Chemical abstract service. 
COPC = Chemical 01 potential concern. 
IDEM = Indiana Department of Environmental Management, Risk Integrated System 01 

NTX 
NTX 
NTX 

Closure (RISC) residential levels for direct contact with soil (IDEM, July 2001). 
J = Estimated .value. 
N = Noncarcinogen. 
NA = Not applicable/not a.ailable. 
sat = son saturation concentration .. 

. Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening leveUARARlTBC. 

For Elimination as a cope: 
BKG = Within background levels. 
BSL = Below CO PC screening leveUARARlTBC. 
NTX = No toxicity Information. 
NUT = Essential nutrlenl. 

AssocialedSample5" 

10S801ocxn 

Shaded cells indicate that the specilied criterion or background level has been exceeded or thai the chemical has been selecled as a COPC. 

r058020002 

1058030002 

IOS8040C<l2 

1058050002 

10S8060002 

1059070002 

10S8080002 10_ 
1058100002 

• • 
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CAS 
Number 

Exposure Medium: Surface Soil 
EXDosure Point: Suriace Soil 

Chemical 

• 
TABLE 7·13 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· MIGRATION PATHWAYS FROM SURFACE SOIL 
SWMU 10· ROCKEYE 

NSWC CRANE. CRANE. INDIANA· 
PAGE 1 OF 2 

Minimum Maximum 
Minimum I Concentration 

Location of I Detection I Range of Concentration 
Used for 

Screening (3) 

Site Above I Generic SSL 
Background 1 for Migration 

(1) Qualifier (1) 
Maximum Frequency Nondetects 

Concentration (1) (4) to 

Generic 
SSLfor 

IDEM SSLfor 
Migration to 

• 

COPC 
Flag 

No 

Rationale for 
Contaminant 

Deletion or 
Selection (7) 

Yes ASL 
Yes ASL 
Yes ASL 
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CAS 
Number 

TABLE 7-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 

Scenario Tlmeframe: Current/Future 
Medium: Soii 
Exposure Medium: Surface Soii 
EXDosure Point: Surface Soil 

Minimum 
Chemical Concentration 

(1) 

Minimum 
Qualifier 

Maximum 
Maximum 

Concentration 
Qualifier 

Units 
(1) 

SWMU10-ROCKEYE 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF 2 

USEPA 
Loca1ion 01 Detection 

Range 01 
Concentration Sile Above Generic SSL 

Maximum Frequency 
Nondelecls (2) 

Used lor Background? for Migration 
Concentration (1) Screening (3) (4) 10 

Groundwater 

USEPA 
Rationale for 

Generic IDEM SSLlor 
COPC Contaminant 

SSLlor Migration 10 
Flag Deletion or 

Soii 10 Air Groundwaler (6) 
(5) 

Selection (7) 

MISCELLANEOUS PARAMETERS 

• 

CATION EXCHANGE CAPACITY 1.5 10 meal 100 cj 1056020002 212 
H 8.5 S.U. I 10S6080002 212 

TOTAL ORGANIC CARBON 1600 1900 ma/ka I 1056020002 212 

Foolnoles: 
1 Only lhe original of duplicale sample was used lor COPC selection. The duplicale was used lor quality control purposes only. 
2 Values presented are sample-specific quantilation limits. 
3 The maximum detected concentration is used for screening purposes. 

To determine whether metal concentrations were within background levels, soil concentrations were 
compared to base-wide background data presented in the Basewide Background Soil Investigation Report 
(TtNU5, tnc .. January 2001) by means 01 the Wilcoxon Rank Sum Test. .lIlhe Wilcoxon Tesl 
determined that a constituent concentration was not significanty different from background, that 
chemical was not selecled as a COPC. 
Soil Screening Guidance:.Technical Background Document. (U.S. EPA, May 1996). The migration 10 

: 'groundwater value represents a dilution and attenuation factor (OAF) of 1. 
6 . Residential levels lor migration Irom soil to groundwater (IDEM, July 2001). 
7 The chemical is selected as a cope if tho maximum detected concentration exceeds any screening level. 
8 Acenaphlhene is used as a surrogate lor acenaphthylene. 
9 Pyrene is used as a surrogate for be~zo(g,h.i)porylene and phenanlhrene. 

10 NA NA NA NA No 
8.5 NA NA NA NA No 

1900 NA NA NA NA No 

Definitions: 
ARARfTBC = Applicable Or Relevant and Appropriate RequiremenVto be considered. 
e = Carcinogen. 
CAS = Chemical abSlract services. 
cope = Chemical 01 potential concern. 

. IDEM = Indiana Depanment of Environmental Managemenl, Risk Inlegraled System 01 

NTX 
NTX 
NTX 

Closure (RISC) residentiallovels lor migration from soil to groundwater (IDEM, July 2001). 
J = Estimated value. 
N = Noncarcinogen. 
NA = NOI applicable/not available. 
sal = Soil saturation concentration. 

Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening leveVARARfTBC. 

For Elimination as a COPC' 
BKG = Within background levels. 
6SL = Below COPC screening leveVARARfT6C. 
NTX = No loxicity inlormation. 
NUT = Essential nulrient. 

Associated Samples: 
105B010002 
105B020002 
1056030002 
1056040002 
10SB050002 

105B060002 
1056070002 
1056080002 
105B090002 
105Bl00002 

Shaded cells indicate that the specilied crilerion or background level has been exceeded or thatlhe chemical has been selected as a COPC. 

• • 
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CAS 
Number 

Semi-Volatile' Semi-Volatile' 
83-32-9 
208-96-8 
120-12-7 
56·55-3 
50-32-8 
205-99-2 
191-24-2 
207-08-9 
218-01-9 
117-84-0 
53-70-3 
206-44-0 
193-39-5 
85-01-8 
129-00-0 
Ex loslves 
35572-78-2 
2691-41-0 
121-82-4 
Inor anles 
7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440·09-7 
7440-62-2 
7440-66-6 

• 
TABLE 7-14 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 10 - ROCKEYE 

Scenario Tlmeframe: CurrenUFuture 
Medium: Soli 
Exposure Medium: Surface/Subsurface Soil 
EXDosure Point: Surface/Subsurface Soil 

Minimum 
Chemical Concentration 

(1) 

ACENAPHTHENE 0.011 
ACENAPHTHYLENE 0.47 
ANTHRACENE 0.11 
6ENZO(A ANTHRACENE 0.53 

0.99 
0.96 

6ENZO G.H.I PERYLENE 0.86 
6ENZO K FLUORANTHENE 0.74 
CHRYSENE 0.56 
DI·N-OCTYL PHTHALATE 1 

IBENZO(A.H)ANTHRACENE 0.2 
FLUORANTHENE 0.4 
INDENO 1.2.3-CD PYRENE 0.61 
PHENANTHRENE 0.13 . 
PYRENE 0.39 

0.53 
HMX 0.57 

1.6 

ALUMINUM 1530 
ANTIMONY 1 
ARSENIC 0.09 
6ARIUM 21.1 
BERYLLIUM 1 
CADMIUM 1 
CALCIUM 525 
CHROMIUM 5.0 
C06ALT 1.5 
COPPER 2 
IRON 2000 
LEAD 4.2 
MAGNESIUM 819 
MANGANESE 18.8 
MERCURY 0.03 
NICKEL 5.1 
POTASSIUM 321 
VANADIUM 2.6 
ZINC 7.1 

Maximum 
Minimum 

Concentration 
Maximum 

Qualilier Qualifier 
(1) 

0.011 
0.47 
0.11 
0.53 
0.99 
0.96 
0.86 
0.74 
0.56 

1 
0.2 
0.4 
0.61 
0.13 
0.39 

0.53 
55 
8 

12200 
1.4 

12.2 
122 

1 
3.4 

249000 
27.6 
20.6 
12.3 

36600 
25.1 

14700 
1260 
0.05 
15.7 
513 
33.8 
50 

NSWC CRANE. CRANE. INDIANA 
PAGE 1 OF 2 

Location of Detection Concentration 
Sile Above Risk-Based 

. Units Maximum Frequency 
Range of 

Used for 
Background COPC 

Nondetect. (2) 7 Screening 
Concentration (1) Screening (3) 

(4) Level (5) 

m 10S6030810 1/2 0.038 0.011 NA N 
m 10S6030002 112 0.008 0.47 NA N 
m 10S6030002 112 0.008 0.11 NA 
m 10S6030002 112 0.008 0.53 NA 
m 10S6030002 112 0.008 0.99 NA 
m 10S6030002 1/2 0.008 0.96 NA 
m IOS6030002 112 0.008 0.86 NA 
m 10S6030002 112 0.008 0.74 NA 
m 10S6030002 112 0.008 0.56 NA 
m 10S603081O 1/2 0.38 1.4 NA N 
m 10S6030OO2 112 0.008 0.2 NA C 
m 10S6030002 1/2 0.008 0.37 NA 230 N 
m 10S6030002 112 0.008 0.61 NA 0.62 C 
m 10S6030002 112 0.008 0.13 NA 2308 N 
m 10S6030002 112 0.008 0.39 NA 230 N 

m 10S6090002 1120 0.5 0.53 NA N 
m 10S6050002 6120 0.5 55 NA 310 N 
m 10S6030002 2120 0.5 8 NA C 

m 10S6050002 20/20 12200 No N 
m 10S6050406 2120 0.75 - 1 1.4 No 3.1 N 
m 10S6090204 20/20 12.2 No C 
m 10S6020709 20/20 122 No 540 N 
m 10S6050002 1120 0.57 - 0.99 1 No 15 N 
m 10S6020002 2120 0.57 - 0.99 3.4 No 3.7 N 
m 10S6080002 18/20 408 - 457 249000 NA 
m 10S6090204 20/20 27.6 No 3010 C 
m 10S6090204 20/20 20.6 No 470 N 
m 10S6020002 20/20 12.3 No 290 N 
m 10S6090204 20/20 36600 No N 
m 10S6090002 20/20 25.1 No 400 11 N 
m 10S6080002 20/20 14700 NA 
m 10S6020709 20/20 1260 No N 
m 020709.10S60 6/20 0.03 - 0.05 0.05 No 2.312 N 
m 10S6080002 - 20/20 15.7 No 160 N 
m 10S6080406 3120 401 - 493 513 No NA· 
m 10S6090204 20/20 33.8 No 55 N 
m 10S6090002 20/20 50 No 2300 N 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY 1.5 10 me 100 020002. 10S60 7n 10 NA NA 

H 5.2 8.5 S.U. 080002.10S60 7n 8.5 NA NA 
TOTAL ORGANIC CAR60N 1600 3200 m k 10S6090204 6n 1000 3200 NA NA 

Potential Potential 
ARARfTBC ARARlTBC 

Value Source 

9500 IDEM 
95007) IDEM 
47000 IDEM 

5 IDEM 
IDEM 

5 IDEM 
55008 IDEM 

50 IDEM 
500 IDEM 
3700 IDEM 
0.5 IDEM 

6300 IDEM 
5 IDEM 

55008 IDEM 
5500 IDEM 

NA IDEM 
NA IDEM 
NA IDEM 

NA IDEM 
140 IDEM 

IDEM 
23000 IDEM 
680 IDEM 
12 IDEM 
NA IDEM 

43010 IDEM 
NA IDEM 

13000 IDEM 
NA IDEM 
400 IDEM 
NA IDEM 
NA IDEM 
55 IDEM 

6900 IDEM 
NA IDEM 
NA IDEM 

100000 IDEM 

NA IDEM 
NA IDEM 
NA IDEM 

• 
Rationale 'or 

COPC Contaminant 
Flag Deletion or 

Selection (6) 

No 6SL 
No 

No 
No 
No 

No 6SL 
No BSL 
No 6SL 
No 6SL 

No 6SL 

No 6KG 
No BSL.6KG 
No -- 6KG 
No , 6SL.6KG 
No .· .. 6SL.6KG 
No 6SL.6KG 
No NUT 
No 6SL.6KG 
No 6SL.6KG 
No 6SL.BKG 
No 6KG 
No 6SL.6KG 
No NUT 
No 6KG 
No 6SL.6KG 
No 6SL.6KG 
No NUT.6KG 
No 6SL.6KG 
No 6SL.6KG 

No NTX 
No NTX 
No NTX 

'<)' 
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CAS 
Number 

• 

TABLE 7-14 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE/SUBSURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE. CRANE. INDIANA 

Exposure Medium: Surface/Subsurface 5011 
Exposure Point: Surface/Subsurface 5011 

Minimum 
Chemical Concentration 

(1) 

Footnotes: 

Minimum 
Qualifier 

PAGE 2 OF 2 

Maximum 
Maximum 

Location 01 
Concentration 

Qualilier 
Units Maximum 

(1) Concentration 

Only the original 0' duplicate sample was used for cope selection. The duplicate was used for Quality conlrol purposes only. 
Values presented are sample-specific Quantitation limits. 
The maximum detected concentration is used for screening purposes. 
To determine whether metal concentrations were within background levels, soil,concentrations were 
compared to base-wid~ background data presented in the Basewide Background Soillnvestigalion Report 
(TIN US. Inc .. January 2001) by means of the Wilcoxon Rank Sum Test. If the Wilcoxon Test 
determined that a constituent concentration was not significanty dillerent from background, thai 
chemical was not selected as a cope. 
The risk-based soil co PC screening level for residential land use is presented. The value is based on a 
larget Hazard Quotient of 0.1 for noncarcinogens (denoted with a '"N" flag) or an incremental cancer 
risk 0' I E·6 'or carCinogens (denoled wilh a ·C-lIag) (U.S. EPA. Region 9. November 2000). 
The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based 
COPC screening level and/or an ARARfTBC(s). 

7 Acenaphthene is used as a surrogate for acenaphthylene. 
8 Pyrena is used as a surrogate lor benzo(g,h.i)perytene and phenanthrene. 
9 Value is lor aminodini!ro!oluenes (U.S. EPA. Region 3. Oclober 2001) 
10 Hexavalent chromium. 

·11 O~WER soil screening level lor residential land use (U.S. EPA, July 1994) 
12 Value is lor mercuric chloride (U.S. EPA. Region 3, October 2001) 

Detection 
Frequency 

(1) 

Range 0' 
Nondetects (2) 

Concentration 
Site Above Rlsk·Based 

Potential Potential 
Rationale for 

Background CO PC COPC Contaminant 
Used 'or 

7 Screening 
ARARlTBC ARARlTBC 

Flag Deletion or 
Screening (3) 

(4) Level (5) 
Value Source 

Selecllon (6) 

Definilions: 
ARARlTBC = Applicable or Relevant and Appropriate ReQuiremenVto be considered. 
C = Carcinogen. 
CAS = Chemical abstract services. 
cope = Chemical of potential concern. 
IDEM = Indiana Department of Environmental Management, Risk Integrated System 01 

Closure (RISC) residenliallevels for direct contact with soil (IDEM, July 2001). 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not applicable/nol available. 
sat = Soli saturation concentration. 
Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening leveVARARfTBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening leveVARARfTBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

Shaded cells indicate that the specified criterion or background level has been exceeded or thai the chemical has been selected as a COPC. 
As~-ia!~Siune!!· 

IOSBOlCOO2 lOS""""'" 1058l:100204 105B050406 

IOSB020002 1058070002 1058010810 1050060507 

10580»002 lQSBO&XlO2 I05B02'0709 10S0070406 

IOS8040CJ02 IOSElOOOOO2 IOSBOXl810 105B000406 

1058050002 1058100002 IOSeo=l5 lOSBIOOGOa 

• • 
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CAS 
Number 

TABLE 7-15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU10-ROCKEYE 

Scenario Timelrame: Current/Future 
Medium: Soil 
Exposure Medium: Surface/Subsurface Soil 
Exposure Point: Surface/Subsurface Soil 

Chemical 
Minimum 

Concentration 
(1) 

Minimum 
Qualifier 

Maximum 
Concentration 

(1) 

Maximum 
Qualifier 

Units 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF2 

Location of I Detection I Range of 
Maximum Frequency Nondetects 

Concenlra1ion (1) 

Concentration I Site Above 
Used for Background 

? 
(4) 

Screening (3) 

• 

IDEM SSL lor 
Mlgra1ion 10 

Groundwater 

COPC 
Flag 

Rationale for 
Contaminant 
Deletion or 

Selection (7) 

_0 :"L 
. . 

t.J,.. eCI 

~':-"-''''=--li~'-''-~~' '" ..... ~"" - 'V~~V""v' v 

53-70-3 IBENZO(A.H)ANTHRACENE 0.2 0.2 m Il< 108B030002 112 0.008 0.2 NA I I: C NA 18 }. 
206-44-0 FLUORANTHENE 0.37 0.37 m 108B030002 112 0.008 0.37 NA 210 N NA .880 No 88L .; 
193-39-5 INDENO 1.2.3-CD PYRENE 0.61 0.61 m 1088030002 112 0.008 0.61 NA 0.7 C NA 3.1 No 8SL -.-
85-01-8 PHENANTHRENE 0.13 0.13 mil< 1088030002 112 0.008 0.13 NA 2109 N NA 5709 No B8L .. .,,1: 

129-00-0 PYRENE 0.39 0.39 m 1088030002 112 0.008 0.39 NA 210 N NA 570 No B8L' ··,~;;o, 

EXPLOSIVES . " 
i ................. ,................... ~. i :.-' 
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;. 

~~ 

~ 
'V 
.~ 

.. ~~ 



TABLE 7-15 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU10-ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

.~: 

1 Only the original 01 duplicate sample was used lor cope selection. The duplicate was used for quality control purposes only. 
Values presented are sample·spccific quantilation limits. 2 

3 
4 

The ma>:imum detected concentration is used for screening purposes. 
To determine whether metal concentrations were within background love Is, soil concentrations were 
compared to base-wide background data presenled in Ihe Basewide Background Soil Investigation Report 
(TtNUS,lnc., January 2001) by means of the Wilcoxon Rank Sum Test. If the Wilcoxon Tesl 
determined that a constituent concentration was nol significanty different from background, that 
chemical was not selected as a COPC. 

5 Soil Screening Guidance: Technical Background Document. (U.S. EPA, May 1996). The migration to 
groundwater value represents a dilution and attenuation factor (OAF) of 1. 

6 Residential levels lor migration from soil 10 groundwaler (IDEM, July 2001). 
7 The chemical is selected as a cope if the maximum detected concentration exceeds any screening level. 
6 Acenaphthene is used as a surrogate for acenaphthylene. 
9 Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 

Associated Samples: 

10SB010002 10SB090204 
10SB020002 10SB010810 
10SB030002 10SB020709 
10SB040002 10SB030810 

Delinitions: 
ARARfTBC = Applicable or Relevant and Appropriate RoquiromonVto be considered. 
C = Carcinogen. 
CAS;;; Chemical abstract services. 

COPC = Chemical of pOlential concorn. 
IDEM = Indiana Departmenl of Environmental Managemenf, Risk Integraled Sysfom of 

Closure (RISC) residenliallevels for migration from soil to groundwaler (IDEM, July 2001). 
J = Eslimaled value. 
N ;;; Noncarcinogen. 
NA = Not applicable/not available. 
sat = Soil saturation concentration. 

Rationale Codes: 
For Selection as a COPC: 
ASL = Above CO PC screening leveliARARrrBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC scroening leveVARARrrBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

10SB050002 10SB040305 "Shaded cells indicate that the specified crilerion or background level has been exceeded or Ihal the chemical has been selected as a COPC. 
105B060002 10SB050406 
10SB070002 10SB060507 
10SB080002 10SB070406 
10SB090002 10SB080406 
10SB100002 10SB100608 

• • • 



• 
CAS Number 

EXPLOSIVES 
99-35-4 

118-96-7 

606-20·2 

35572-78-2 

19406-51-0 

2691-41-0 

121-82-4 

INORGANICS 
7429-90-5 

7440-38-2 

7440-39-3 

7440-41-7 

7440-43-9 

7440-70-2 

7440-48·4 

7440-50-8 

7439-89-6 

7439-92·1 

7439-95·4 

7439-96·5 

7439-97·6 

7440-02-0 

7440-09'7 

7782-49-2 

7440-23-5 

7440-28-0 

7440-66-6 

Scenario Timeframe: Current/Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
EXDOsure Point: Entire Sile 

Chemical 

1.3.5-TRINITROBENZENE 

-. . 
.6-D1NITROTOlUENE .... 
-AMINO-2.6-DINITROTOLUENE 

lUMINUM 

BARIUM 

ADMIUM 

CALCIUM 

COPPER 

lEAD 

MAGNESIUM 

MERCURY 

POTASSIUM 

SELENIUM 

SODIUM 

Minimum 
Concentration 

(1) 

2.7 

5.8 

1.5 

2.8 

1.7 

12 

4.9 

461 

0.18 

7.9 

1.6 

4.5 

26100 

7.8 

2.1 

167 

1.2 

5370 

176 

0.2 

12 

8150 

1.3 

6870 

1.2 

11.8 

• 
TABLE 7-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Maximum Detection Concentration 
Upgradient 

Minimum Concentration Maximum 
Units 

Location of Maximum 
Frequency 

Range 01 
Used for 

Sample 
Qualifier' Qualifier Concentration Nondetects(2

) (1) (I' Screening!]) 
Concentration 

(4) 

3.5 ~gll 10GW1701 2117 0.29 - 1.7 3.5 NA 

56 ~gll 10GWC5501 3/17 0.29 - 1.7 56 NA 

1.5 ~gll 10GWC5501 1117 0.29 - 1.7 1.5' NA 

20 ~gll 10GW1701 3/17 0.29 - 1.7 20 NA 

18 ~gll 10GW1701 4117 0.29 - 1.7 18 NA 

240 ~g/l 10GW1701 4117 0.29 -1.7 240 NA 

240 ~g/l 10GWC5501 4117 0.29 - 1.7 240 NA 

22300 ~g/l 10GW1601 5/17 200 22300 NO 

5.1 ~g/l 10GWC33P201 9/17 5.1 NO 

104 ~g/l 10GW1701 17/17 0 104 

20.3 ~gll 10GW1601 4/17 20.3 NO 

4.5 (Igll 10GW1601 1117 4.5 NO 

337000 ~gll 1 OGW.C31 P30 1 15/17 5000 337000 

299 ~gll IOGW1601 11117 3 299 NO 

34.8 ~gll 10GWC41P301 6/17 34.8 NO 

93700 pgll 10GWC3501 16117 100 93700 

13.4 "gil 10GW1601 2117 13.4 NO 

326000 "gil 10GWC31P301 15/17 5000 326000 :1. 

21800 ~gll 10GWC31P301 15/17 15 21800 :' 

0.2 ~gll 10GW1701 1117 0.2 0.2 NO 

695 pgll 10GWC31P301 12117 10 695 NO 

10200 ~gll 10GWC4101 4/17 5000 10200. NO 

9.3 "gil 10GWC41P301 7/17 9.3 NO 

252000 ~gll 10GWC41P301 16/17 5000 252000 

1.2 ~gtl 10GW1601 1117 1.2 NO 

1660 ~gll 10GW1601 12/17 10 1660 NO 

Risk·Based 
Potential COPC 

ARARfTBC 
Screening 

Value Level(S) 

110 N NA 
NA 

C NA 
NA 

3.6 N NA 

N NA 
NA 

N NA 
NA 

:0 N NA 
NA 

C NA 
NA 

-', N , . " NA 
C 50 

50 
260 N 2000 

2000 
N 

N 5 
5 

NA NA 
NA 

N NA 
NA 

140 N 1300 
1300 

" N 
NA 

15 15 
NA 

NA NA 
NA 

.. N 1 : 

NA 
1.1(9) N 2 

2 
N NA 

730 
NA NA 

NA 
18 N 50 

50 
NA NA 

NA 
N 2 

2 

" N 5000 
11000 

• 
Potential 

ARARfTBC 
COPC 

Source 
Flag 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-Al 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl 
IDEM 

Rationale for 
Contaminant 
Deletion or 
Selection!S) 

BSl 

BSl 

NUT 

BSl 

BSl 

NUT 

BSl 

NUT 

BSl 

NUT 

, 
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Scenario Timeframe: CurrenVFuture 

Minimum 
CAS Number . Chemical Concentration 

(I) 

TABLE 7-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 

SWMU 10 - ROCKEYE 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF 2 

Upgradient 
Minimum 

Maximum Detection 
Range of 

Concentration 
Sample Concentration Maximum 

Units 
Location 01 Maximum Frequency Used for 

Qualifier Qualifier Concentration Nondetecls(2
) Concentration (I) (I) Screening l31 

(4) 

Risk-Based Rationale 'or 
COPC 

Potential Potential 
CO PC Contaminant 

ARARlTBC ARARlTBC Screening Flag Deletion or 
Value Source 

Level(S) Selectlon,l, 

FILTERED METALS FILTERED METALS 
7440-39-3 

7440-70-2 

7440-48-4 

7439-89·6 

7439·95-4 

7439'96-5 

7440-02-0 

7440-23-5 

7440·66·6 

BARIUM, FILTERED 27.5 27.5 ~glL IOGWCS701-F 

CALCIUM, FILTERED 33400. 33400 ~glL IOGWCS701-F 

COBALT, FILTERED 31.3 31.3 ~glL IOGWC5701-F 

ON. FILTERED 3510 3510 ~glL IOGWC5701-F 

MAGNESIUM, FILTERED 24600 24600 ~glL IOGWC5701-F 

ANGANESE, FILTERED 3940 3940 pglL IOGWC5701-F 

89.2 89.2 ~glL IOGWC5701-F 

SODIUM, FILTERED 22400 22400 ~glL 10GWC5701-F 

ZINC, FILTERED 114 114 ~glL 10GWC5701-F 

NITRATE 10GW0201 

NITRITE/NITRATE IOGW1701 

FOOlnOles: 

1 Only the original 01 duplicate sample was used for cope selection. The duplicate was used for quality contrOl purposes only. 

2 Values presented are sample-specific quanlitalion limits. 

The maximum detected concentration is used lor screening purposes. 

To determine whether metal concentrations were within background levels, maximum groundwater concentrations were 

compared to concentrations In upgradient groundwater sample 10GWC5201. If the concentration in the site groundwater 

concentration was less than the upgradient concentration, that metal was not selected as a COPC. 

The risk·based COPC screening level for tap water use is presented. The value is based on a 

largetHzard Quotient of 0.1 for noncarcinogens (denoted with a "N" flag) or an incremental cancer 

riSk 01 1 E·6 lor carcinogens (denoled wilh a ·C" lIag) (U.S. EPA, Region 9, Oclober 2000). 

The chemical is selected as a CO PC if the maximum detected concentration exceeds Ihe risk·based 

COPC screening level and/or an ARARlTBC(s). 

7. Value is lor aminodinilrololuenes (U.S. EPA, Region 3, OClober 2001). 

8 Secondary MCl, based on aesthelic water quality (Le., color, odor, taste, etc.). 

9 Value is lor mercuric chloride (U,S. EPA, Region 3, Oclober 2001). 

Associated Samples: 

IOGW0201 10GWC3501 IOGWC26110GWC41P301 

IOGW0301 10GWC35P201 10GWC3H IOGWC5501 

IOGWI601 10GWC3701 10GWC31110GWC55P201 

IOGW1701 1 OGWC37P30 I IOGWC33C 10GWC5701 

10GWC2601 10GWC4101 IOGWC33110GWC5701-F 

III 27.5 

III 5000 33400 

III 3 31.3 

III 100 3510 

III 5000 24600 

111 15 3940 

111 10 89.2 

III 5000 22400 

111 10 114 

NA 260 N 2000 FED-MCL No BSL 
2000 IDEM 

NA NA NA FED·MCL No NUT 
NA IDEM 

NA 220 N NA FED-AL No BSL 
NA IDEM 

NA N FED·MCL 
NA IDEM 

NA NA NA FED-MCL No NUT 
NA IDEM 

NA .. N FED-MCL 
NA IDEM 

NA N NA FED-MCL 
730 IDEM 

NA NA NA FED-MCL No NUT 
NA IDEM 

NA 1100 N 5000 FED-MCL No BSL 
11000 IDEM 

Definilions: 

ARARlTBC : Applicable or Relevanl and Approprlale RequlremenVlo be considered, 

C = Carcinogen. 

CAS: Chemical abslracl services. 

COPC = Chemical of potential concern. 

J = Estimated value. 

N = Noncarcinogen. 

NA : Nol analyzed I nol applicable. 

ND : Nol delecled. 

FED-AL: Federal aClion level (U.S. EPA, 2000), 

FED·MCL : Federal Maximum Conlaminanl Level (U.S. EPA, 2000). 

IDEM = Indiana Depar1ment 01 Environmental Managemenl, Risk Integrated System of 

Closure (RISC) residenlial closure levels lor groundwaler (IDEM, July 2001). 

Rationate Codes: 

For Selection as a COPC: 

ASL: Above CO PC screening leveIiARARlTBC. 

For Elimination as a COPC: 

BKG = Wilhin background levels. 

BSL: Below COPC screening leveVARARlTBC, 

NTX ;; No toxicity Information. 

NUT = Essential nutrient. 

Shaded cells indica Ie Ihallhe specified criterion or background level has been exceeded or that the chemIcal has been selected as a COPC. 

( 
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TABLE 7-17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMUIO-ROCKEYE . 

NSWC CRANE, CRANE, INDIANA 

Scenario Tlmeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
EKposure Point: Entire Site 

Minimum Maximum Detection Concentration 
CAS Minimum Maximum Laculla" 01 Maximum Range of Upgradlenl 

Number 
Chemical' Concentration 

Qualifier 
Concentration 

Qualifier 
Units 

Concentration 
Frequency 

Nondetects(2) 
Used for Sample 

01 (I' I" Screenlngll) Concentration (4) 

EXPLOSIVES EXPLOSIVES 
118·96·7 . . -. . 1.6 4.4 ~gll IOSW0701 3112 0.53·1.3 4.4 NA 

35572-78·2 . . . . -. · 0.41 J 0.41 . J ~gll I OSW040 I 1/12 0.36·1.3 0.41 NA 

19406·51·0 .. . . . -. · 0.96 J • 1.4 ~gll IOSW0701 3112 0.53·1.3 1.4 NA 

2691·41·0 HMX 6.4 22 ~gll I OSW070 I 7/12 0.82·1.2 22 NA 

121·82·4 '. 1.9 18 ~gll IOSW0701 7/12 0.82 - 1.2 18 NA 

ItjORGANICS 
7429·90·5 213 J 837 J ~gll IOSW0801 11/12 200 837 NA 

7440·38·2 .- 0.24 1.8 ~gll 105....,0901 12/12 --- 1.8 NA 

7440-39·3 BARIUM 24.1 86.4 ~gll IOSW0901 12/12 --- 86.4 NA 

7440-70-2 CALCIUM 6540 85900 ~gll IOSW0901 12/12 --- 85900 NA 

7440-50-8 COPPER 2 2 ~gll I OSW090 I 1112 2 2 NA 

7439·89·6 -. 181 J 1120 J ~gll IOSWIIOI 12/12 --- 1120 NA 

7439·95-4 MAGNESIUM 7560 J 11100 J ~gll IOSW0901 2/12 5000 11100 NA 

7439·96-5 25.7 J 125 J ~gll IOSW0801 10/12 15 125 NA 

7440-23-5 SODIUM 5100 J 110000 J ~gll IOSW0901 10/12 5000 110000 NA 

7440-66·6 ZINC 11.2 113 ~gll IOSW0901 2/12 10 113 NA 

FilTERED METALS FILTERED METALS 
7440-36·0 ANTIMONY. FilTERED I I ~gll 10SWOIOI·F 1/12 I I NA 

7440·38-2 . - . 0.17 1.6 ~gll IOSW0901-F 12/12 --- 1.6 NA 

7440·39·3 BARIUM. FilTERED 23.1 80.3 ~gll IOSW0901-F 12/12 _.- 80.3 NA 

7440·70·2 CALCIUM. FilTERED 6360 80100 ~gll IOSW0901-F 12/12 --- 80100 NA 

7439·89-6 -. . III 962 ~gll IOSWIIOI-F 11112 100 962 NA 

7439·95·4 MAGNESIUM. FilTERED 7260 J 10400 J ~gll IOSW0901-F 2/12 5000 10400 NA 

7439-96·5 · 16.8 139 ~gll 10SWIIOI-F 8/12 15 139 NA 

7440-23·5 SODIUM. FilTERED 5280 J 106000 J. ~gll IOSW0901-F 10/12 5000 106000 NA 

7440-66·6 ZINC. FilTERED 10.3 102 ~gll IOSW0901-F 2/12 10 102 NA 

Risk-Based 
COPC Potential 

Screening ARARlTBC 
Value Level'S) 

C NA 
NA , N NA 
NA , N NA 
NA 

180 N NA 
NA , . C NA 
NA 

3600 N , . II: 
NA , ,. C 50 
50 

260 N 2000 
2000 

NA NA 
NA 

140 N 1000 
1300 

" N " NA 
NA N NA 

NA 
.. N , 

NA 
NA NA 

NA 
1100 N 5000 

11000 

1.5 N 6 
NA , , . C 50 
50 

260 N 2000 
2000 

NA N NA 
NA 

1100 N " NA 
NA N NA 

NA 
.. N , 

NA C NA 
NA 

1100 N 5000 
lIOO~ 

• 
Potential 

COPC 
ARARlTBC 

Flag 
Source , 

FED·MCl 
IDEM 

FED·MCl 
IDEM 

FED·MCl 
IDEM 

FED·MCl No 
IDEM 

FED·MCl 
IDEM 

FED·MCl 
IDEM 

FED-MCl .. 
IDEM 

FED·MCl No 
IDEM 

FED·MCl No 
IDEM 

FED-MCl No 
IDEM 

FED·MCl 
IDEM 

FED-MCl No -
IDEM 

FED-MCl 
IDEM 

FED·Al No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl 
IDEM 

FED-MCl No 
IDEM 

FED-MCl No 
_'DEM __ 

Rationale for 
Contaminant 
Deletion or 
Selectlon'O) 

BSl 

BSl 

NUT 
'-" 

BSl·. 

NUT 

NUT 

BSl 

BSl 

BSl 

NUT 

NUT 

NUT 

BSl 

'l~ 

~ 
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CAS 
Number 

Scenario Tlmelrame: Current/Future 
Medium: Surface Water 
Exposure Medium: Surface Water 
EXDosure Point: Entire Site 

Chemical 

Minimum 
Concentration Minimum 

Qualifier 

'" 

TABLE 7·17 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· SURFACE WATER 
SWMU 10· ROCKEYE 

NSWC CRANE, CRANE; INDIANA 
PAGE 2 OF 2 

Maximum Detection Concentration Upgradient 
Concentration Maximum 

Unll. 
Location of Maximum 

Frequency 
Range of 

Used for Sample 
Qualifier Concentration Nondetects(2) 1" 1" Screenlng(3) Concentration (4) 

Rlsk·Ba.ed 
Potential Potential 

Rationale for 
CO PC 

ARARfTBC ARARfTBC 
COPC Contaminant 

Screening Flag Deletlon"or 
Value Source 

Level(5 J Selection'" 
MIS ELLANEOUS PARAMETERS 

14797·55·6 

HARDNESS 27 260 ~glL 10SW0901 

NITRATE 0.09 1.6 ~glL 10SW0901 

TOTAL SUSPENDED SOLIDS 3 J 50 J ~glL 10SW0901 

Footnotes: 

Only the original of duplicate sample was used lor cope selection. The duplicate was used lor quality conlrol purposes only. 

Values presented are sample-specific quanlilalion limits. 

The maximum detected concentration is used for screening purposes. 

12112 

12112 

10/12 

No upgradient localions coutd be determined lor surface water at SWMU 10. Therefore, no constituents were eliminated on the basis 01 background. 

The risk-based COPC screening level for tap water use is presented. The value is based on a 

target Hazard Quotient 01 0.1 lor nancarcinagens (denoted with a "N" lIag) or an incremental cancer 

risk 01 1 E·6 lor carcinogens (denoled with a 'C' flag) (U.S. EPA, Region 9, Oclober 2000). 

The chemical Is selected as a COPC if the maximum detected concentration exceeds the riSk-based 

COPC screening level and/or an ARARlTBC(s). 

Value is lor aminodinilrotoluenes (U.S. EPA, Region 3, October 2001). 

Second.ary MCL. based on aesthetic wal~r quality (Le., color, odor, taste. etc.). 

Associated Samples: 

10SW0101 10SW0501 I OSW090 I 

10SW0101·F 10SW0501·F 10SW0901·F 

10SW0201 10SW0601 10SWI001 

I05W0201·F tOSW0601·F IOSW1001·F 

10SW0301 10SW0701 10SW1101 

IOSW0301·F IOSW0701·F 10SW1101·F 

10SW0401 10SW0801 10SW1201 

... 260 

... 1.6 

2 , 50 

NA NA N FED·MCL No BSL 
N IDEM 

NA 1000 N 10000 FED·MCL No BSL 
N IDEM 

NA NA N FED·MCL No BSL 
N IDEM 

Definitions: 

ARARlTBC = Applicable or Relevant and Appropriate RequlremenVto be considered. 

C = Carcinogen. 

CAS = Chemical abstract services. 

CO PC = Chemical 01 potential concern. 

J = Estimated value. 

N = Noncarclnogen. 

NA = Nolanalyzed 1 nol applicable. 

NO = Not delected. 

FED·AL = Federal action level (U.S. EPA, 2000). 

. FED·MCL = Federal Maximum Conlaminenl Level (U.S. EPA, 2000). 

IDEM = Indiana Department of Environmental Management. Risk Integrated System 01 
Closure (RISC) residential closure l~vels lor groundwater (IDEM. Juty 2001). 

Rationale Codes: 

For Selection as a COPC: 

ASL = Above COPC screening leveVARARlTBC. 

For Elimination as a COPC: 

BKG = Within background levels. 

BSL = Below COPC screening leveVARARlTBC. 

NTX = No toxicity information. 

NUT = Essential nulrient. 

10SW0401·F lOSW0801·F 10SW1201·F Shaded cells indicate thai the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC. 

• • • 
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CAS 
Number 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Sedimenl 
Exposure Point: Sediment 

Chemical 

EXPLOSIVES 

Minimum 

• 
TABLE 7-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF2 

Maximum Location 01 Detection Concentration 
Upgradient Risk-Based 

Concentration 
Minimum 

Concentration 
Maximum 

Units Maximum Frequency 
Range 01 

Used lor 
Sample COPC 

Qualifier Qualifier Nondetects (2) Concentratio Screening (1) (1) Concentration (1) Screening (3) 
n (4) Level (5) 

• 

Potential Potential 
Rationale lor 

ARARfTBC ARARfTBC 
COPC Contaminant 

Value Source 
Flag Deletion or 

Selection (6) 

12691-41-0 IHMX 51 I' 51 II m9ikgll0SDOioo06 1- -t712:J 0.5 - 0.5 51 NA 310 N I NAIOEM No B8L 
INORGANICS 
7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 

ANTIMONY 

BARIUM 
BERYLLIUM 
CAOMIUM 
CALCIUM 
~ 
COBALT 
COPPER ". LEAO 
MAGNESIUM 

MERCURY 
NICKEL 

7440-62-2 l'H"H' 
7440-66-6 IZINC 
MISCELLANEOUS PARAMETERS 

TOTAL ORGANIC CARBON 

4430 
1.4 
3.1 
45.2 
1.4 
1.3 
564 
9.0 
6 

7.5 
12100 
13.3 
613 
165 
0.04 
7.5 
13.2 
36.5 

4000 

9190 
2.2 

34.2 
276 
2.1 
2.4 

5920 
65.7 
51.8 
16.9 

71iOo 
37 

1590 
3900 
0.05 
44.6 
63.2 
301 

22000 

J' 

mg/kgl 1080080006 
m Ik 1080050006 
mg/kg 1080040006 
I11lJIl<g I 1 080120006 
Il1fl/l<Q.I 1080080006 
Il1fl/l<Q.I 1080070006 
m 1080090006 
mg/kQ 10S0040006 
mg/kg I 1080080006 
m k 10S0080006 
mg/kg 1 OS0040006 
nig/kgl 1080040006 
m 1080090006 
",g/I<R 1080120006 
Il1fl/l<Q.I 1080040006 
m 1080080006 
mg/kQ 1080040006 
mg/kQ I 1080090006 

mg/kQ I 1080010006 

12112 
3/12 
12112 
12112 
5/12 
4/12 
12112 
12112 
12112 
12112 
12112 
12112 
8/12 
12112 
2112 
12112 
12112 
12112 

12112 

0.98 -1.2 

0.98 - 1.2 
0.98 - 1.2 

487 - 607 

0.03 - 0.07 

i 

9190 
2.2 

34.2 
276 
2.1 
2.4 

5920 
65.7 
51.8 
16.9 

71100 
37 

1590 
3900 
0.05 
44.6 
63.2 
301 

22000 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

3.1 

540 
15 
3.7 
NA 

470 
290 
:r.r. 

400(8 
NA 

:11 

2.3 
160 

2300 

~ NA 

NINA 
N I 140 
C 
N 1 23000 
N 1 680 
N 1 12 

NA 
C I 43Q(7t 
NINA 

N I 13000 
N NA 
N 1 400 

NA 
NTIW\ 
N 1 55 

N I 6900 
N NA 
N I 100000 

~_J 

10EM 
10EM No B8L 
10EM 
IDEM 1 No B8L 
10EM I No BSL 
10EM I No BSL 
IDEM No NUT 
IDEM 
IDEM 1 No B8L 
10EM No BSL 
10EM 
10EM I No BSL 
IDEM No NUT 
10EM 
10EM I No BSL 
10EM No BSL 
IDEM 
10EM I No I BSL 

IDEM I No I NTX -I 

::;; 

;'1' 

.~ 
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TABLE 7-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
SWMU10-ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Footnotes: 
1 Only Ihe original of duplicate sample was used for COPC selection. The duplicate was used for quality conlrol purposes only. 
2 Values ·presented are sample-specific quanti tat ion limits. 
3 The maximum detected concentration is used for screening purposes. 
4 No upgradient locations could be determined for surface water at SWMU 10. Therefore. no constituents were eliminated 

on the basis of background. 
5 The risk-based soil COPC screening level for residential land use is presented. The value is based on a 

target Hazard Quotient of 0.1 for noncarcinogens (denoted with a 'N' flag) or an incremental cancer 
risk of 1 E-6 for carcinogens (denoted with a 'c' flag) (U.S. EPA. Region 9. November 2000). 

6 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based 
COPC screening level and/or an ARARrrBC(s). 

7 Hexavalent chromium. 
8 OSWER soil screening level for residential land use (U.S. EPA, July 1994). 

1050010006 

1OSD020006 

IOSDOJOXl6 

ASsocia!9d Samples' 

Definitions: 
ARARrrBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen. 
CAS = Chemical abstract services. 
COPC = Chemical of potential concern. 
IDEM = Indiana Department of Environmental Management, Risk Integrated System of 

Closure (RISC) residential levels for direct contact with soil (IDEM, July 2001). 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not applicable/not available. 
sal = Soil saturation concentration. 

Ralionale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening leveIlARARrrBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening level/ARARrrBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. . 10500<0006· 

lOS0050006 

1051lO6OOO6 

I05[)070006 

105D080006 

10S[)(}9(X)()6 

1050100006 

IOSDIIOIX)6 

10501200:16 Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC. 
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• 
Scenario 

Medium 
Exposure 

Exposure Point 
Timelrame Medium 

CurrenVFuture Surlace! Surface/ Entire Site 
Subsurface Soil Subsurface Soil 

Air Vapors and Partk:ulates in 
Air - Entire Site 

Surface Soil(2) Surface Soil Entire Site 

-

Air Vapors and Particulates in 
Air - Entire Site 

Ground Water Ground Water Surficial Aquifer 

Ground Water/Air Surficial Aquiler 

- - - -- ---- "--- -- --

• 
TABLE 7-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 10 - ROCK EYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Receptor Population 
Receptor Exposure On-Site! 

Age Route OM-Site 
Excavation/Construction Adult Ingestion On-site 

Workers 

Dermal On-site 

Excavation/Construction Adult Inhalation On-site 
Workers 

Maintenance Workers Adult Ingestion On-site 

Dermal On-site 

Occupational Workers Adult Ingestion On-site 

Dermal On-site 

Trespassers Adolescent Ingestion On-site 

Dermat On-site 

Adult Ingestion On-site 

Dermal On-site 

Workers and Trespassers Adult and Inhalation On-site 
Adolescent 

Excavation/Construction. Adult Ingestion On-site 
Workers 

Dermal On-site 

Maintenance Workers, Adult and Ingestion On-site 
Occupational Workers, Adolescent 

and Trespassers 

Dermal On-site 

Inhalation On-site 

-- -

Type 01 
Analysis 

Quant 

Quant 

Qual 

None 

None 

None 

None 

Quant(3) 

Quant 

None 

None 

Qual(4) 

None 

Quant 

None 

None 

None 

• 
Rationale lor Selection or Exclusion 01 Exposure Pathway 

Inlrequent excavation activities may occur at the site and 
excavation/construction projects may occur in the future. 

Infrequent excavation activities may occur at the site and 
excavation/construction projects may occur in the luture. 

Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs for transfers from soil to air. 

NSWC Crane is an active facility and maintenance activities, such as 
groundskeeping, may be performed at the site. 

NSWC Crane is an active facility and maintenance activities, such as 
groundskeeping, may be performed at the site. 0 

SWMU lOis currenlly an active site and workers may be exposed during work 
related activities. 

SWMU lOis currenlly an active site and workers may be exposed during work 
related activities. 

Although access to the base is contrOlled, once inside the base, access to the 
study areas is not limited by any physical constraints. 

Although access to the base is controlled, once inside Ihe base, access to the 
study areas is not limited by any physical constraints. . 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent , 

trespasser. 
, 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent I 

trespasser. 

Exposure is evalualed qualitatively by a comparison of site data to U.S. EPA 
generic SSLs(5) for transfers from soil to air. 

Minimal exposure is anticipated (i.e., so low that it is not worth quantifying). 

Excavation/construction activities may occur at the site and workers may be 
exposed by direct contact with ground water. 

Direct contact with ground water does not occur under current land use. 
Shallow ground water is not expected to be used as a domestic water supply. 

Direct contact with ground water does not occur under current land use. 
Shallow ground water is not expected·to be used as a domestic water supply. 

Direct contact with ground water does not occur under current land use. 
Shallow ground water is not expected to be used as a domestic water supply. 

- --- -- - - --- - --
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Scenario 
Medium 

Exposure 
Timelrame Medium 

CurrenVFuture Surface Water Surface Water 
, 

, 

Air 

Sediment Sediment 

Air 

Future Surface Soil Surface Soil 

Air 

• 

Exposure Point 

On-site Streams. Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Draingeways 

Vapors and Particulates in 
Air - Entire Site 

Entire Site 

Vapors and Particulates in 

TABLE 7-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Receptor Population 
Receptor Exposure On-Sltef 

Age Route Off-Site 
Construction/Excavation. Adult Ingestion On-site 

Maintenance. and 
Occupational Workers 

Dermal On-site 

Trespassers Adolescent Ingestion On-site 

Dermal On-site 

Adult Ingestion On-site 

Dermal On-site 

Workers and Trespassers Adult and Inhalation On-site 
Adolescent 

Construction/Excavation. Adult Ingestion On-site 
Maintenance. and 

Occupational Workers 

Dermal On-site 

Trespasser Adolescent Ingestion On-site 

Dermal On-site 

Adult Ingestion On-site 

Dermal On-site 

Workers and Trespassers Adult and Inhalation On-site 
Adolescent 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Recreational Users and Child and Inhalation On-site 
Air - Entire Site ___ "- Residents Adult 

--- ----

• 

Type 01 
Rationale lor Selection or Exclusion 01 Exposure Pathway 

Analysis 
None Minimal exposure is anticipated (Le .. so low that it is not worth quantilying). 

I 

None Minimal exposure is anticipated (i.e .. so low that it is not worth quantilying). 

I 

Quant Although access to the base is controlled. once inside the base. access to the I 

study areas is not limited by any physical constraints .. 

Quant Although access to the base is controlled. once inside the base. access to the 
study areas is not limitaq by any physical constraints. 

None Potential risks are assumed to be similar to adolescent trespassers. Risks lor 
this receptor will be inlerred using the calculated risks lor the adolescent 

None 

trespasser. I 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inlerred using the calculated risks for the adolescent I 

trespasser. 
i 

None Minimal exposure to vapors emitted from surface water is anticipated (i.e .• so I 

low such that it is not worth quantifying). 
, 
, 

'None Minimal exposure is anticipated (Le .• so low that it is not worth quantilying). 

None Minimal exposure is anticipated (i.e .. so low that it is not worth quantifying). 

Quant Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

Quant Although access to the base is controlled. once inside the base. access to the 
study areas is not limited by any physical constraints. 

None Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

None Potential risks are assumed to be similar to adolescent trespassers. Risks lOr 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

None Minimal exposure is anticipated (Le .. so low that it is not worth quantifying). 

Quanl This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the luture. 

Quant This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future. 

Ouant Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 

Quant Although the scenario is unlikely. a residential scenario is included to aid in 
future risk management decisions. 

Qual Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs for transfers from soil to air. 

• 



"\ 

• 
Scenario 

Medium 
Exposure 

Exposure Point 
Tlmelrame Medium 

Future Ground Water Ground Water Surficial Aquifer 

Air Vapors 

Surface Water Surface Water On-site Streams, Ponded 
Water and Draingeways 

Air On-site Streams, Ponded 
Water and Draingeways . 

Sediment Sediment On-site Streams, Ponded 
Water and Draingeways 

Air On-site Streams, Ponded 
Water and Draingeways 

Footnotes: . 

• 
TABLE 7-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Receptor Population 
Receptor Exposure On-SHe! 

Age Route OH-Site 
Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Recreational Users Adult Inhatation On-site 

Resident Child and Inhalation On-site 
Adult 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Child and Ingestion On-site 
Adult 

Dermal On-site 

Recreational Users and Child and Inhalation On-site 
Residents Adult 

Recreational Users Adult Ingestion On-site 

Dermal On-site 

Residents Adult and Ingestion On-site 
Child 

Dermal On-site 

Recreational Users and Child and Inhalation On-site 
Residents Adult 

1 Surface/subsurface soil is defined as soil collected from 0 to to feet bgs; no exposure to soil at depths below 10 feet bgs is anticipated. 
2 Surface soil is defined as soil collected from 0 to 2 feet below ground surface (bgs). 

3 Quantitative. 
4 Qualitative. 

5 Soil Screening Levels (U.S. EPA, May 1996). 

Type 01 
Analysis 

None 

None 

Quant 

Quant 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

None 

Quant 

Quant 

Quant 

Quant 

None 

• 
Rationale lor Selection or Exclusion 01 Exposure Pathway 

Direct contact with ground water is not expected to occur for future recreational 
users, 
Direct contact with ground water is not expected to occur for future recreational 
users. 

Although it is unlikely that shallow ground water at the site would be used as a 
domestic water supply, this scenario is included to aid in future risk 
management decisions. 

Although it is unlikely that shallow ground water at the site would be used as a 
domestic water supply, this scenario is inctuded to aid in future riSk 
management decisions. 

Minimal exposure is anticipated (i.e., so low that it is not worth quantifying). 

Although it is unlikely that shallow ground water at the site would be used as a 
domestic water supply, this scenario is included to aid in future risk 
management decisions. 

This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future, 

This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future. 

Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 

Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. -
Minimal exposure to vapors emitted from surface water is anticipated (i.e., so 
low such that it is not worth quantifying). 

This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future, 

This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future. 

Although the scenario is unlikely, a residential scenario is incfuded to aid in 
future risk management decisions. 

Although the scenario is unlikely, a residential scenario is inctuded to aid in 
future risk management decisions. 

Minimaf exposure to vapors emitted from surface water is anticipated (i.e .. so 
low that it is not worth quantifying). 
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TABLE 7-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

Exposure Point Concentration 

Chemical of Potential Concern Surface Soil(1) 
Surface! 

Surface Water(1) 
Subsurface Soil(1) 

(mg/kg) (mg/kg) (mglL) 

BENZO(A)ANTHRACENE 0.53(2) 0.53(2) NA 

BENZO(A)PYRENE 0.99(2) 0.99(2) NA 

BENZO(B)FLUORANTHENE 0.96(2) 0.96(2) NA 

DIBENZO(A.H)ANTHRACENE 0.2(2) 0.2(2) NA 

2-AMINO-4,6-DINITROTOLUENE 0.32 0.28 0.00041(3) 

4-AMINO-4.6-DINITROTOLUENE NA(4) NA 0.00088 

2,6-DINITROTOLUENE NA NA NA 

2.4,6-TRINITROTOLUENE NA .NA 0.002 

HMX NA NA NA 

RDX NA NA 0.018(3) 

ALUMINUM NA NA 0.49 

ARSENIC NA NA 0.0007 

BERYLLIUM NA NA NA 

CADMIUM NA NA NA 

Cf:jROMIUM NA NA NA 

COBALT NA NA NA 

IRON NA NA 0.71 

MANGANESE NA NA 0.11 

NICKEL NA NA NA 

THALLIUM NA NA NA 

VANADIUM NA NA NA 

ZINC NA NA NA 

The exposure concentration is the 95% upper confidence limii (UCL) based on distribution of the 
data set (best fit of normal or lognormal), unless otherwise noted. 

2 Because of the limited number of samples (i.e., less than 10 samples), the exposure concentration 
is set at the maximum detected concentration. 

3 Maximum detected concentration is used because the UCL exceeeded the maximum. 
4 NA - Not applicable. Chemical is not a chemical of potential concem for this medium. 

Sediment(1) 

(mglkg) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7430 

19.8 

NA 

NA 

38.3739 

NA 

48600 

3690 

NA 

NA 

39.2 

NA 

• 
Groundwater(1) 

(mglL) 

NA 

NA 

NA 

NA 

0.004 

0.0065 

0.00055 

0.016 

0.24(3) 

0.114 

7.13 

0.0017 

0.0034 

0.00086 

NA 

0.299(3) 

93.7(3) 

21.8(3) 

0.695(3) • 0.0006 

NA 

1.66(3) 

• 



• 

Exposure Route 

HAZARD INDEX 
IrlQestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

,TotCllliazard: 
- .-

Construction 
Worker 

NA 

1.6E+OO 

NA 

NA 

NA 

1.3E-02 

4.8E-03 

NA 

NA 

NA 

NA 

1.6E+00 

• 
TABLE 7-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

Maintenance 
Worker 

NA 

NA 

NA 

5.1E-04 

3.3E-04 

NA 

NA 

NA 

NA 

NA 

NA 

S.4E-04 

PAGE 1 OF 2 

Occupational 
Worker 

NA 

NA 

NA 

5.3E-03 

3.5E-03 

NA 

NA 

NA 

NA 

NA 

NA 

S.7E-03 

Adult 
Recreational User 

NA 

NA 

NA 

1.1E-03 

4.4E-04 

NA 

NA 

1.6E-02 

1.1 E-02 

4.6E-02 

3.7E-02 

1.1 E-01 

NA 

NA 

NA 

8.9E-04 

6:8E-04 

: 
NA 

NA 

2.7E-03 

3.8E-03 

3.7E-02 

2.5E-03 

4.SE-02 
-- .-

Future Adult 
Resident 

3.8E+01 

3.4E+OO 

NA 

7.4E-03 

3.0E-03 

NA 

NA 

1.1E-01 

7.4E-02 

3.1 E-01 

1.1E-02 

4.2E+01 

• 

Future Child 
Resident 

1.3E+02 

1.0E+01' 

NA 

6.9E-02 

1.4E-02: 

NA 

NA 

1.0E-01 

7.6E-02 

2.9E+OO 

5.1 E-02 

1.SE+02 
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INCREMENTAL CANCER RISK 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

~ Risk: ______ 
- L_. 

NOTES 

Construction 
Worker 

NA 

1.4E-OB 

NA 

NA 

NA 

4.0E-07. 

1.9E-07 

NA 

NA 

NA 

NA 

6.0E-07 

TABLE 7-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maintenance . Occupational Adult Adolescent 
Worker . Worker Recreational User Trespasser 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

3.4E-07 3.SE-06 B.9E-07 2.6E-07 

2.9E-07 3.0E-06 4.6E-07 2.6E-07 

NA NA NA NA 

NA NA NA NA 

NA NA 5.4E-07 3.2E-OB 

NA NA 7.SE-OB 9.4E-09 

NA NA 2.6E-06 7.7E-07 

• 
NA NA 7.1 E-06 1.BE-07 

6.3E-07 6.6E-06 1.2E-OS 1.SE-06 
--- ---

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical specific risks presented in Appendix G-3 . 

• • 

Future Adult Future Child 
Resident Resident 
1.SE-04 1.3E-04 

1.2E-06 6.9E-07 

NA NA 

4.BE-06 1.1E-OS 

2.SE-06 2.9E-06 

NA NA 

NA NA 

2.9E-06 6.BE-07 

4.0E-07 1.0E-07 

1.4E-OS 3.3E-05 

1.7E-06 2.0E-06 

1.7E-04 1.8E-04 

• 



• 

Exposure Route 

HAZARD INDEX 
Inqestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from' 
Groundwater While Showering 

Incidental Ingestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
Incidental Ingestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 
Water 
Dermal Contact with Surface 
Water 
Incidental Ingestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

NA 

1.0E+OO 

NA 

NA 

NA 

6.6E-03 

1.4E-03 

NA 

NA 

NA 

NA 

1.0E+OO 

• 
TABLE 7-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU10-ROCKEYE 

Maintenance 
Worker 

NA 

NA 

NA 

1.3E-04 

1.7E-05 

NA 

NA 

NA 

NA 

NA 

NA 

1.4E-04 

NSWC CRANE, CRANE, INDIANA 

, -

. .;=~. 

PAGE 1 OF 2 

Occupational 
Worker 

NA 

NA 

NA 

2.3E-03 

3.0E-04 

NA 

NA 

NA 

NA 

NA 

NA 

2.6E-03 

Adult 
Recreational User 

NA 

NA 

NA 

2.7E-04 

2.7E-05 

NA 

NA 

4.1E-03 

2.9E-03 

1.1E-02 

3.7E-03 

2.2E-02 

NA 

NA 

NA 

2.2E-04 

5.5E-05 

NA 

NA 

6.7E-04 

8.1 E-04 

9.3E-02 

2.0E-04 

1.1E-02 

Future Adult 
Resident 

2.7E+01 

1.5E+OO 

NA 

3.7E-03 

3.7E-04 

NA 

NA 

3.7E-02 

2.6E-02 

1.0E-01 

9.1E-04 

2.8E+01 

• 

Future Child 
Resident 

5.8E+01 

3.4E+OO 

NA 

2.3E-02 

1.6E-03-

NA 

NA 

3.4E-02' 

2.4E-02 

9.6E-01 

5.9E-03 

6.3E+01 
I 
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INCREMENTAL CANCER RISK 

Exposure Route 
Construction 

Worker 
Ingestion of Groundwater NA 
Dermal Contact with 

LOE-OB 
Groundwater 

Inhalation of Volatiles from 
NA 

Groundwater While Showering 

Incidental Ingestion of Surface 
NA 

Soil 
Dermal Contact with Surface 

NA 
Soil 
Incidental Ingestion of 

2.0E-07 
Surface/Subsurface Soil 
Dermal Contact with 

5.4E-OB 
Surface/Subsurface Soil 
Incidental Ingestion of Surface 

NA 
Water 
Dermal Contact with Surface 

NA 
Water 
Incidental Ingestion of 

NA 
Sediment 

Dermal Contact with Sediment NA 

Total Risk: 2_6E-07 

NOTES 

TABLE 7-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Maintenance Occupational Adult Adolescent 
Worker Worker Recreational User Trespasser 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

3.1E-OB 5.6E-07 6.6E-OB 6.6E-OB 

5.2E-09 9.5E-OB B.6E-09 2.1 E-OB 

NA NA NA NA 

NA NA NA NA 

NA NA 4.1 E-OB B.l E-09 

NA NA 6.9E-09 2.3E-09 

NA NA 1.9E-07 1.9E-07 

NA NA 2.1E-07 1.4E-OB 

3_6E-OS 6_SE-07 S.3E-07 3.1E-07 

NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical specific risks are presented in Appendix G-3 . 

• • 

Future Adult Future Child 
Resident Resident 
3.0E-05 1.9E-05 

2.2E-07 1.3E-07 

NA NA 

7.0E-07 1.2E-06 

9.0E-OB 1.1E-07 

NA NA 

NA NA 

2.BE-07 7.6E-OB 

4.BE-OB 1.2E-OB 

1.4E-06 3.6E-06 

4.1 E-OB 7.6E-OB 

3.3E-OS 2.4E-OS 

• 



• 
Chemical of Concern(1) 

SURFACE SOIL 

PAHs 

GROUND WATER 

2-Amino-4,6-dinitrotoluene 

4-Amino-2,6-dinitrotoluene 

2,4,6-Trinitrotoluene 

RDX 

HMX 

Arsenic 

Beryllium 

Iron 

Manganese 

Nickel 

• 
TABLE 7-23 

SUMMARY OF CONCLUSIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Impact on Human Receptors Comments 

Occupational worker ILCR = 6.3E-6, Total risks for soil are less than 1.0E-4 for all receptors. Concentrations of PAHs in 
Residential ILCR = 2.1 E-5 soil are within levels occurrinq in soil in the U.S. 

Adult resident HQ '= 1. 9, 
Child resident HQ = 6.5 
Adult resident HQ = 3.0, 
Child resident HQ = 10 
Adult resident HQ = 0.88, Explosives were detected in soil, ground water, surface water, and sediment at 
Child resident HQ = 3.1, SWMU 10. Elevated risks are based on the hypothetical future residential use of 
ResidentiallLCR = 8.5E-6 ground water. Risks under current land use, future industrial risks, and risks from 
Adult resident HQ = 1.1, other media are less than U.S. EPA benchmarks. , 
Child resident HQ = 3.7, 
Residential ILCR = 2.2E-4 
Adult resident HQ = 0.13, 
Child resident HQ = 0,46 

Risks for arsenic are based on the hypothetical future residential use of ground 
Adult resident HQ = 0.16, water. The maximum concentration in ground water (5.1 mglL) is less than the 
Child resident HQ = 0.55, current (50 uglL) and recently proposed (10 uglL) MCLs. In addition, the 
ResidentiallLCR = 4.5E-5 concentrations of arsenic in ground water samples are similar to the concentrations 

in the upgradient well. 

Elevated risks from exposure to beryllium are based on the hypothetical future 
residential use of ground water and only for the residential child. Particulate matter 

Child resident HQ = 0.27 
in the unfiltered samples may have caused ground water concentrations to be 
elevated. Beryllium was detected in 4 or 17 samples and only the maximum 
concentration exceeded the risk based screening level. The HQ for beryllium is less 
than the U.S. EPA benchmark for noncarcinogenic risks. 

Adult resident HQ = 4.3, 
Risks for iron are based on the hypothetical future residential use of ground water. 
Risks calculated for iron are not based on adverse health effects but rather on -

Child resident HQ = 15 
recommended dailv allowances. 

Risks for manganese are based on the hypothetical future residential use of ground 
Adult resident HQ = 28, water. Particulate matter in the unfiltered samples may have caused ground water 
Child resident HQ = 97, concentrations to be elevated. The samples with the higher concentrations of 
Construction worker HQ = 1.5 manganese also contained elevated concentrations of dissolved solids (calcium 

and maqnesium). 
Risks for nickel are based on the hypothetical future residential use of ground 

Adult resident HQ = 0.98, 
water. Only the risk for the future child resident exceeds unity. Particulate matter in 

Child resident HQ = 3,4 
the unfiltered samples may have caused ground water concentrations to be 
elevated. All nickel concentrations in ground water are less than the IDEM closure 
level for default closure ·Ievel ground water. 
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• 

Chemical of Concern(1) 

Thallium 

Zinc 

SURFACE WATER 

Arsenic 

RDX 

SEDIMENT 

Arsenic 

Iron 

Manganese 

HQ Hazard Quotient. 
ILCR Incremental lifetime cancer risk. 

TABLE 7-23 

SUMMARY OF CONCLUSIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Impact on Human Receptors Comments 
I 

Thallium was detected in 1 of 17 samples. Risks are based on the hypothetical ! 

Adult resident HQ = 0.23, 
future residential use of ground water. Particulate matter in the unfiltered samples I 

Child resident HQ = 0.82 
may have caused ground water concentrations to be elevated. All thallium 
concentrations in ground water are less than the Federal MCl and the IDEM 
default closure level for Qround water. I 

Risks from exposure to zinc are based on the hypothetical future residential use of I 

Adult resident HQ = 0.15, 
ground water and the maximum detected concentration. Particulate matter in the 

Child resident HQ = 0.53 
unfiltered samples may have caused ground water concentrations to be elevated. 
All zinc concentrations in ground water are less than the Federal MCl and the 
IDEM default closure level for ground water. 

i 

Risks (>1.0E·6) for arsenic in surface water are based on a very conservative 
future residential land use scenario. Although an upgradient sample location could 

ResidentialllCR = 1.5E·6 
not be determined for SWMU 10, the concentrations of arsenic in SWMU 10 
samples are within the range of concentrations in upgradient samples used for the 
other SWMUs. Risks from exposure to surface water are less than or within the 
U.S. EPA's tarQet risk ranQe for all recepJors. 

Elevated risks (> 1.0E-6) for RDX in surface water are based on a very conservative! 
Residential ILeR = 2.6E·6 future residential land use scenario. Risks from exposure to surface water are less 

than or within the U.S. EPA's target risk range for all receptors. 

Elevated risks for arsenic in sediment are based on future land use scenarios. An 
Recreational User ILCR = 9.7E-6, upgradient sample location could not be determined for sediment at SWMU 10. 
ResidentialllCR = 5.0E-5, The risks for future residents are overestimated .based on potential residential 
Adult resident HQ = 0.1, exposure to sediment which assumes that future residents are assumed to be 
Child resident HQ = 0.9 exposed 350 days/year. Risks from exposure to sediment are less than or within 

the U.S. EPA's tarQet risk ranQe for all receptors. 
Risks for iron are based on the hypothetical future residential exposure to sediment 
which is likely to considerably overestimated potential risks. The risks for future 

Adult resident HQ = 0.11, residents are overestimated based on potential residential exposure to sediment 
Child resident HQ = 1.0 which assumes that future residents are assumed to be exposed 350 days/year.ln 

addition, risks calculated for iron are not based on adverse health effects but rather 
on recommended daily allowances. 

Elevated risks for manganese in sediment are based on future land use scenarios. 
An upgradient sample location could not be determined for sediment at SWMU 10. 

Child resident HQ = 0.67 
The risks for future residents are overestimated based on potential residential 
exposure to sediment which assumes that future resident:> are assumed to be 
exposed 350 days/year. Risks from exposure to sediment are less than or within 
the U.S. EPA's target risk range for all receptors. 

. .. _-

1 Any carcinogenic chemical with a ILCR of greater than 1.0E-6 or a noncarcinogeniC 
chemical contributing to target organ hazard indices (HI) greater than 1.0 . 

• • 



• 
Frequency Minimum 

. Chemical .. of Detection Concentration 
(1) (1) 

Semi-Volatiles.(mg/kg) 
ACENAPHTHYLENE 1/1 0.47 J 
ANTHRACENE 1/1 0.11 J 
BENZO{A)ANTHRACENE 1/1 0.53 J 
BENZO(A)PYRENE 1/1 0.99 J . 
BENZO(B)FLUORANTHENE 1/1 0.96 J 
BENZO(G,H,I)pERYLENE 1/1 0.86 J 
BENZO(K)FLUORANTHENE 1/1 0.74 J 
CHRY8ENE 1/1 0.56 J 
DIBENZO(A,H)ANTHRACENE 1/1 0.2 J 
FLUORANTHENE 1/1 0.37 J 
INDENO(l,2,3-CD)PYRENE 1/1 0.61 J 
PHENANTHRENE 1/1 0.13 J 
PYRENE 1/1 0.39 J . . . 
2,4,6-Trinitrotoluene 1/10 0.529 
2-AMINO-4,6-DINITROTOLUENE 1/10 0.53 
HMX 5/10 1.3 
RDX 2110 0.714 
Inor anics m Ik 
ALUMINUM 10/10 1530 J 
AR8ENIC 10/10 0.87 
BARIUM 10/10 46.8 J 
BERYLLIUM 1/10 1 J 
CADMIUM 2110 1 J 
CALCIUM 10/10 960 J 
CHROMIUM 10/10· 6.4 
COBALT 10/10 1.5 
COPPER 10/10 2 
IRON 10/10 3420 J 
LEAD 10/10 4.2 J 
MAGNE81UM 10/10 '- 1010.J 
MANGANE8E 10/10 78.1 

MERCURY 3/10 0.04 

NICKEL 10/10 6.4 
POTA881UM 2110 . 321 J 
VANADIUM 10/10 4.4 

• TABLE 7-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
. PAGE 1 OF 2 

Maximum Location of Average of Site Above 
Concentration . Maximum All Background 

(1)(2) Concentration Results Concentration? 

0.47 J 108B030002 0.47 ---
0.11 J 108B030002 . 0.11 ---
0.53 J 108B030002 0.53 ---
0.99 J 108B030002 0.99 ---
0.96 J 108B030002 0.96 ---
0.86 J 1 08B030002 . 0.86 ---
0.74 J 108B030002 0.74 ---
0.56 J 108B030002 0.56 ---

0.2 J 108B030002 0.2 ---
'0.37 J 108B030002 0.37 ---
0.61 J 108B030002 0.61 ---
0.13 J 108B030002 0.13 ---
0.39 J 108B030002 0.39 ---
0.53 108B030002-REM 0.28 
0.53 108B090002 0.28 

55' 108B050002 11.1 
1.6 108B030002 0.43 

.12200 J 108B050002 7258 NO 
9.3 J 108B090002 4.0 . NO 
117 J 108B050002 65.3 NO 

1 J 108B050002 0.48 NO 
3.4 J 108B020002 0.78 NO 

249000 J 108B080002 43552 YE8 
22 108B090002 11.1 NO 

9:7 108B090002 .·4.9 NO 
12.3 J . 108B020002 8.5 NO 

26500 J _ 1 08B090002 14092 NO 
25.1 108B090002 11.9 NO 

14700 J 108B080002 3698 YE8 
674 J 108B090002 204 NO 

108B050002, 
0.04 108B060002, 0.03 NO 

108B090002 
15.7 108B080002 9.4 NO 
506 J 108B050002 257 NO 
26.6 J 108B090002 17.1 NO 

• 
Surface Soil Ecologcial 

Rationale for 
COPC . Contaminant 

COPC Screening Effects 
Flag (5) Deletion or 

Level (3) Quotient (4) 
Selection(5) 

682 0.0007 No B8L 
1480 0.0001 No B8L 
5.21 0.10 No B8L 
1.52 0.65 No B8L 
59.8 0.0161 No B8L 
119 0.0072 No B8L 
148 0.0050 No B8L 
4.73 0.12 No B8L ~~ 

18.4 0.0109 No B8L .;\ 

122 0.0030 No B8L 
109 0.0056 No B8L ,.., 
45.7 0.0028 No B8L. , .~ 

78.5 0.0050 .No B8L 
~ . 

NA "- NA NTX 
NA NA NTX 
NA NA NTX ') 

NA NA NTX 

NA NA No BKG 
5.7 1.6 No BKG 
1.04 113 No BKG 
1.06 0.94 No B8L, BKG 

0.002 1532 No BKG 
NA NA No NT 
0.4 55 No BKG 

0.14 69 No BKG 
2.96 4.2 No BKG 
NA NA . No BKG' 

0.054 467 No BKG 
NA NA No NT 
NA NA No BKG 

0.073 0.55 No B8L, BKG 

13.6 1.2 No BKG 
NA NA No NT, BKG 
1.6 17 No BKG 

DECEMBER 2004 



Frequency Minimum 

Chemical of Detection Concentration 
(1) (1) 

ZINC 10/10 19.8 J 
Miscellaneous Parameters 
CATION EXCHANGE CAPACITY 1.5 J 

H 8J 
TOTAL ORGANIC CAR80N 1600 

, TABLE 7-24 

ECOLOGICAL RISK SCREENING -SURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

Maximum Location of Average of Site Above 
Concentration Maximum All Background 

(1)(2) Concentration Results 'Concentration? ' 

50 J 10S8090002 34.0 NO 

10 J 10S8020002 
8.5 J 10S8080002 

1900 10S8020002 

Surface Soil 
COPC Screening 

Level (3) 

6.6 

NA 
NA 
NA 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
Footnotes: , ' ' , 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used for quality control purposes only. 
2 The maximum detected concentration was used for screening purposes. 
3 As presented in Table 3-14. 
4 Refer to Section 3.4.5 for ecological effects quotient calculation. 
5 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. ' 
NTX = No toxicity information available. 

For Elimination as a COPC: 
8KG = 8elow site background level. 
8SL = 8elow'COPC screening level. 
NT = Nontoxic. 

• '. 

Definitions: 
COPC = Chemical of potential concern. 
NA = Not available. 

Associated Samples' 
10S8010002 
10S8020002 
10S8030002 
10S8040002 

, 10S8050002 

10S8060002 
10S8070002 

, 10S8080002 
1 OS8090002 ' 
10S8100002 

Ecologcial 
Rationale for 

CO PC Contaminant 
Effects 

Flag (5) Deletion or 
Quotient (4) 

Selection(5) 

7.6 'No 8KG 
-

NT 
NT 
NT 

DEC. 2004 
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• 
Chemical 

MER 
NICKEL 
VANADIUM 
ZINC 

Frequency of I Minimum 
Detection (1) Concentration 

(1) 

•• 
TABLE 7-25 

ECOLO~ICAL RISK SCREENING - SEDIMENT 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

Maximum 
Concentration 

(1)(2) 

Location of 
Maximum 

Concentration. 

, 1 OSOOl 0006 

Average of All 
Results 

11008 

Sediment 
COPC 

Screening 
, Level (3) 

Ecological 
Effects 

a~otient (4) 

Shaded name indicates that constituent was selected as a COPC, Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
No upgradient samples were collected. ' 
Footnotes: ' 
1 Only the original of duplicate sample was used fo(COPC selection. The duplicate was used for quality control purposes only, 
2 'The maximum detected concentration was used for screening purposes. 
3 As presented in, Table 3-14. 
4 Refer to Section 3.4.5 for ecological effects quotient calculation. 
5 Rationale Codes: 
. For Seiectibn as a COPC: 

ASL = Above COPC'screening level. 
NTX = No toxicity information available. 

For Elimination 'as a COPC: 
BSt. = Below COPC screening level. 
NT = Nontoxic. 

Definitions: 
COPC i: Chemical of potential concern, 
NA = Not available. 

Associated Samples 
10S0010006 
10S0020006 
10S0030006 

10S0040006 
10S0050006 
10S0060006 

10S0070006 10S0100006 
10S0080oo6 10S0110006 
10S0090006 10S0120006 

Rationale for 
COPC I Contaminant 
Flag (5) Deletion or 

Selection(S) 

NT 

.' 

DECEMBER 2004 
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• 

Frequency of 
Minimum 

Chemical 
Detection (1) 

. Concentration 
(1) 

.. 
... ... 3/12 1.6 

j • ' •• • •• 1/12 0.41 J 
• j •• I - •• 3/12 0.96 J 

7/12 6.4 
• I 7/12 1.9 
Inorganics u L 

.11/12 213 J 
ARSENIC 12112 0.24 
BARIUM 12112 24.1 
CALCIUM 12112 6540 
COPPER 1/12 . 2 
•• 12112 181 J 

MAGNESIUM I 2112 7560 J 
10/12 25.7 J 

SODIUM I 10/12 5100 J 
2112 11.2 

Filtered Inorganics (uglJ.) 
ANTIMONY 1/12 1 
ARSENIC 12112 0.17 
BARIUM' 12112 23.1 
CALCIUM 12112 6360 
•• 11/12 111 

MAGNESIUM I 2112 7260 J 
8/12 16.8 

SODIUM I ,10/12 5280 J 
2112 10.3 

Miscellaneous Parameters (ugIL) 
IHARDNESS I 12112 27000 

TABLE 7·26 . 

ECOLOGICAL RISK SCREENING· SURFACE WATER' 
SWMU 10· ROCKEYE 

. NSWC CRANE, CRANE, INDIANA 

Maximum Location of. 
Concentration Maximum Average of All Results 

(lK') Concentration 

4.4 10SW0701 1.1 
0.41 J 10SW0401 0.4 

1.4 10SW0701 0.7 
22 10SW0701 8.1 
18 10SW0701 4.2 

837 J 10SW0801 350 
1.8 . 10SW0901 0.5 

86.4 10SW0901 40.2 
85900 10SW0901 23303 

2 10SW0901· 1.1 
1120 J 10SWll0l 510 

11100 J 10SW0901 3638 
125 J 10SW0801 48.8 

110000 J 10SW0901 18400 
113 '10SW0901 14.5 

1 10SW010l·F 0.5 
1.6 10SW0901·F 0.4 

80.3 10SW0901·F 37.3 
. 80100 10SW0901·F 22520 

962 10SWll0l·F 231 
10400 J 10SW0901·F 3555 

139 10SWll0l·F . 41.3 
106000 J 10SW0901·F 18144 

102 10SW0901·F 13.5 

260000 10SW0901 L 74000 

;>unace 
Water Ecological 
COPC Effects 

Screening Quotient(') 
.Au"I(') 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
53 . 0.034 

5000 0.017 
NA NA 
5 0.400 

NA NA 
NA NA 
NA NA 
NA NA 

58.9 

31 0.032 
53 . 0.030 

5000 0,016 
NA NA 
NA NA 
NA NA 
NA . NA 

NA NA 
58.9 

~ NA ~ NA 
LNITRATE I 12112 0.09 1.6 I 10SW0901 I 0.4 I NA I, NA 
ITOTAL SUSPENDED·SOLIDS I 10/12 3000 J 50000 J', 10SW0901 L 12100 ~ NA ~ 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this particular criterion. 
No upgradient samples were collected. , 

~ 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used for quality control purposes only. 
2 The maximum detected concentration was used for screening purposes. 
3 As presented in Table 3·15. 
4 Refer to Section 3.4.5 for ecological effects quotient calculation. 
5 Rationale Codes: ' 
For Selection as a CO PC: 

ASL = Above CO PC screening level. 
NTX = No toxicity infomiation available. 

For Elimination as a COPC: 
BSL = Below cope screening level. 
NT = Nontoxic. 

Definitions: 
co PC = Chemical, of potential concern. 
NA = Not available. 

Associated Samples 
10SW010l 

10SW010l·F 
. 10SW0201 
10SW0201·F 
10SW0301 

10SW0301·F 
10SW0401 

10SW0401·F 
10SWOSOI 

10SWOS01·F 

• 
10SW0601 

10SW0601·F 
10SW0701 

10SW0701·F 
10SW0801 

10SW0801·F 
10SW0901 

10SW0901·F 
10SW100l 

10SW1001·F 

NA' 

COPC 
Flag(·) 

No 
No 
No 
No 
. 

I No 

I No 

No 
No 
No 
No 

J No 

I No 

. No 
I No 

No 

10SWll0l 
10SWll01·F 
10SW1201 

10SW1201·F 

Rationale for 
Contaminant 
Deletion or 

Selection(') 

NTX 
NTX 
NTX 
NTX 
NTX 

NTX 
BSL 
BSL 
NT 
BSL 
NTX 
NT 

NTX 
NT 

ASL 

BSL 
BSL 
BSL 
NT 

NTX 
NT 

NTX 
NT 

ASL 

NT 
NT 
NT 
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TABLE 7-27 

CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 10 - ROCKEYE 

NSWC CRANE 
CRANE, INDIANA 

Parameters 
Media 

Sediment Surface Soil Surface Water 
E nergetlcs 
2,4,6-Trinitrotoluene' X X 
2-Ar'nino-4,6-dinitrotoluene X .' X 
4-Amino-2,6-dinitrotoluene X 
HMX X X X 
RDX X X .. 
norganlcs 

Arsenic X 
Cadmium X 
Chromium X 
Copper X 
Lead X 
Nickel X 
Zinc X X 

COPCs retained in surface water and sediment were used to evaluate potential risk 
. to piscivorous receptors . 

. . 

COPCs retained in surface soil were used to evaluate potentiai risk to terrestrial wildlif.e. 

.,-""> . 

/'-.- --
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'. 

Maximum 
Chemical of Potential Concern 

Frequency 
Detected Screening 

of 
(COPC) .. 

Detection 
Concentration Level (mglkg) 

(mg/kg) 

Explosives 
2,4,6-Trinitrotoluene 1/10 ::0.53 NA 

,. 

2-Amino-4,6-dinitrotoluene 1/10 '0.53 NA 

HMX 5/10 55 NA 

RDX 2/10 . 1.6 . NA . 

Footnotes:: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level. 
3 See Section 7.7.6.1.1 for a more detailed Step 3a evaluation. 

. TABLE 7-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 
SWMU 10 - ROCKEYE 

. NSWCCRANE 
CRANE, INDIANA 

Number of 
Step 3a Evaluation(3) 

Alternate Benchmarks 
Maximum Samples> Talmage et al. (1999) 

EEQ(1) $creening 
Level(2) Microbial 

I 
Plant Earthworm Processes Other Step 3a Factors Considered in Evaluation 

I 

NA NA 30 140 NA - Single detected concentration is less than plant and earthworm 
benchmarks. 

- Benchmarks are based on LOECs but detection at site is also 
less than NOEC. 

NA NA. 80 NA 80 . - Single detected concentration is less than plant and microbe 
benchmarks, 

- Microbe benchmark Was used as a surrogate for earthworms .. ' 
NA NA NA 280(4) NA - Maximum detected concentration is less than LOEC for earthworms. 

. - All detections are in industrial area with little ecological habitat. 
'. - Area surrounding SWMU 10 is heavily vegetated so HMX does not 

appear to be impacting plants in areas where vegetation is expected . 
NA NA 100 95(4) NA - Maximum detection is less than plant benchmark. 

- Maximum detected concentration is less than LOEC for earthworms. 

4 LOEC for earthworms from other literature sources (not from Talmage et aI., 1999). 

Acronyms: 
COPC = Chemical of Potential Concern 
EEQ = Ecological Effects Quotient 

. NA =.Not Available or Not Applicable 
'LOEC = Lowest Observed Effects Concentration 
NOEC = No Observed Effects Concentration 

'. 
---..:.---

Risk 
Retained 

Determination 
asa 

(Acceptablel 
COPC? ~ 

Unacceptable) 
I 

Acceptable No 

.. Acceptable. No 

Acceptable . No 

Acceptable No 

DECEMBER 2004 
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• 
Maximum 

Chemical of Potential 
Frequency Detected . Screening Maximum 

of EEQ(1) Concern (COPC) 
Detection 

Concentration .Level (mglkg) 
(mglkg) 

Energetics 
HMX 1/12 51 NA NA 

Inorganics -
Aluminu.m 12/12 9,190 , NA NA 
Antimony 3/12 2.2 NA NA 

-

Arsenic 12/12 34.2 . , 5.9 5.8 

• .~., 

Barium 12112 276 NA NA 

-
Beryllium 5/12 2.1 NA NA 

, 

Cadmium. 4/12 2.4 0.596 4.0 

- (. 

: 

Chromium 12112 . 65.7 . 26 2.5 

-
~ 

Cobalt 12/12 51.8 50 1.0 

Copper .. 12112 16.9 .. 16 . 1.1 , 
Iron 12/12 71,100 , NA NA 

• 

TABLE 7-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT COPCs 

SWMU'10 - ROCKEYE 
NSWCCRANE 

CRANE, INDIANA 
PAGE 1 OF2 

. Number of , Step 3a Evaluation 

Samples> Alternate Benchm'arks 
Screening' Consensus- Canadian 

Level(2) based TEC ER-L LEL 

NA NA NA 

NA NA NA NA 
NA NA 2 NA 

10 9.79 NA NA 

NA NA NA NA 

NA NA NA 'NA 

4 0.99 NA NA 

4 31.6 NA NA 

1 NA NA. NA 

1 31.6 NA NA 
NA NA NA 20,000 

-

TEL AET 

25,500 NA 
NA NA 

NA NA 

NA 48 

NA NA 

. NA NA 

NA NA 

NA NA 

NA NA 
NA NA 

Other Step 3a Factors Considered in Evaluation(3) 

- Single detection is less than no effects level for sediment 
invertebrates 

- Maximum concentration is less than the TEL 
- Maximum concentration only slightly exceeds the ER-L; 
all other detections are less than the ER,L 
- Maximum concentration is greater than the PEC; risks to· 

benthic invertebrates probable 
- Other detected concentrations are less than the PEC or 

the TEe; possible risks to benthic invertebrates 
- Surface soil concentrations are within background 

concentrations so it is likely ttJat the arsenic in the sediment 
is not related to site activities 

-.Maximum concentration is greater than the AET 
- It is likely that the barium in the sediment is not related to 

site activities; potential risks not site-related . 
- No toxicity data are available for beryllium 
- It is likely that the. berylium in the sediment is not related 'to 

site activities; potential risks not site~related 
- Maximum detected concentration is greater than the TEC 

but is less than the PEC; possible risks to benthic invertebrates 
- It is likely that the c.admium in the sediment is not related to 

site activities; potential risks not site"related 
- Maximum detected concentration is greater than the TEC . 

but is less than the PEC; possible risks to benthic invertebrates 
- It is likely that the chromium in the sediment is not related to 

site activities; potential risks not sitecrelated 
- Maximum concentration only slightly exceeds EDQL; risks to 

benthic invertebrates unlikely 
- It is likely that the cobalt in the sediment is not related to 

site activities; potential risks not site-related 
-Maximum concentration is less than the TEC 
- Maximum concentration is greater than the SEL; risks to 
. benthic invertebrates probable 
- It is likely that the iron in the sediment is not related to 
.. s.ite..activities; potential risks not site"related 

-- tr-·-. " ," . 

Risk 
Retained 

Determination 
(Acceptable! 

asa 
COPC? 

Unacceptable) 

Acceptable 

Acceptable No 
Acceptable No 

. Acceptable No 

Acceptable No 

Acceptable No 

Acceptable No 
'. 

Acceptable No 

Acceptable. . No 

Acceptable No 
Acceptable No 
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Maximum 

Chemical of Potential 
Frequency Detected Screening Maximum 

. of 
Concentration Level (mglkg) EEQ(1) Concern (COPC) . Detection 

(mglkg) 

Lead 12112 37 31 1.2 .-

Manganese ·12112 31900 '. NA NA 

Nic.kel 12112 44.6. 16 2.8 

Vanadium 12/12 63.2 NA NA --

Zinc 12/12 301 ,120 ·2.5 

Footnotes: 
. 1 Maximum EEQ = Maximum detection divided by the screening level. 
. 2 Number of samples with concentrations greater than the scr.eening level. 

3 See Section 7.7.6 for a more detailed Step 3a Evaluation. 

Acronyms: 
·EDQL = Ecological Data Quality Level 
AET = Apparent Effects Threshold 
cope == Chemical of Potential ConGern 
EEQ = Ecological Effects Quotient 
ER-L = Effects Range-Low . 
LEL = Lowest Effects Level 
NA = Not Available or Not Applicable 
PEC = Probable Effects Concentration· 
SEL - Severe Effects Level 
TEC = Threshold Effects Concentration 

, 

TABLE 7-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT COPC$ 

SWMU 10 - ROCKEYE 
NSWCCRANE 

CRANE,INDIANA 
PAGE 2 OF2 

Number of Step 3a Evaluation 

Samples> Alternate Benchmarks 
Screening Consensus- Canadian 

Level(2) basedTEC ER-L LEL TEL AET .. Other'Step 3a Factors Considered in Evaluation(3) 
2 35.8 NA NA NA· NA - Only the maximum concentration slightly greater than the . 

TEC; all other detections are less than the TEe 
- Risk to benthic invertebrates unlikely . 

NA NA NA 460 NA NA . - Maximum concentration is greater than the SEL; risks to 
benthic invertebrates probable ' . 

- It is likely that the manganese in the sediment is not related to 
site activities; potential risks not site-related 

6 22.7 NA NA NA NA - Maximum detected concentration is greater than the TEC 
but is less than the PEC; possible risks to benthic invertebrates 

- It is likely that the nickel in the sediment is not related to 
site activities; potential risks not site~related 

.. 

NA NA NA NA NA· 57 - Only the maximum concentration is greater than the AET 
- It is .Iikely that the nickel in the sediment is not related to 

site activities; potential risks not site-related 
1 121 NA NA NA NA - Maximum detected concenJrationis greater than the TEC 

but is less than the PEC; possible risks to benthic invertebrates 
-It is likely that the zinc in the sediment is not related to 

site activities;Q.otential risks not site-related 

Risk 
Retaiined 

Determination 
(Acceptable! 

. asa 
CO PC? 

Unacceptable) 

Acceptable . No· 

Acceptable No 

Acceptable No 
I 

I 

Acceptable . No 

Acceptable No 
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Frequency 
Maximum 

Chemical of Potential Concern 
of 

--Detected Screening 
(COPC) Detection 

Concentration Level (uglL) 
(ugIL) 

Explosives 
2,4;6-Trinitrotoluene 3/12 4.4 NA 
2-Amino-4,6-Dintrotoluene 1/12 0.41 NA 
4-Amino-2,6-Dinitrotoluene 3/12 1.4 NA 
HMX 7/12 _22 NA 
RDX - 7/12 18 NA 
Ino..ganics 
Aluminum 1.1 /12 837 NA 
Iron 12112 1120 NA 
Iron (filtered) 11/12 962 NA 
Manganese 10/12 125 NA 
Manganese (filtered) 8/12 139 NA 

Zinc 2112 113 58.9 
Zinc (filtered) 2112 102 58.9 

Footnotes: _ _ __ 
1 Maximurn EEQ = Maximum detection divided by the screening level. 
2 _ Number of samples with concentrations greater than the screening level. 
3 See Section 7.7.6 for a more detailed Step 3a Evaluation. . 
4 Calculated using hardness concentration of 260 mg/L in sample 10SW0901. 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
WQC = U.S. EPA Water Quality Criteria 
LCV = lowest Chronic Value 
SCV = Seconday Chronic Value 
ORNL = Oak Ridge National Laboratory 

r 

Maximum 
EEQ(l) 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA· 
NA 
NA 

1.9 
1.7 

TABLE 7-30 

STEP 3A EVALUATION FOR -RISKS TO AQUATIC ORGANISMS 
SURFACE WATER COPCs 

SWMU 10 - ROCKEYE 
NSWCCRANE 

CRANE, INDIANA 

Number of Step 3a Evaluation 
Samples> ORNL 
Screening WQC Aquatic 

, 

- Level(2) Chronic I Acute Chronic SCV Other Step 3a Factors Considered in Evalliation(3) 

NA NA NA NA 90 - Maximum detection is less than SCV. 
NA NA NA NA 20 - Only detection is less than TSCV. 

-NA NA NA NA NA - Maximum detection is less than SCV for 2-ADNT. 
NA NA NA NA 330 - - Maximum detection is less than SCV. 
NA NA NA NA 190 - Maximum detection is less than SCV. 

NA 87 750 NA NA c Not detected in filtered sample which is the bioavalable portion. 
NA 1,000 NA NA NA - Maximum detection in the filtered sample is less than the 
NA 1,000 NA NA NA chronic WQC. 
NA NA NA 120 NA - Maximum detection just slightly greater than ORNL chronic benchmark 
NA NA NA 120 NA - Maximum detection much less than tolerance value of 1500 ug/L 

(tolerance level from the U.S. EPA Gold Book). 
1 248(4) 248(4) NA NA - Maximumdetection in the filtered sample is less than the 
1 248(4) I 248(4) I NA I NA chronic WQC. 

-

Risk 
Determinatic;m Retained as a 
(Acceptablel COPC? 

Unacceptable) 

Acceptable No 
Acceptable No 
Acceptable No 
Acceptable No 
Acceptable No 

Acceptable No 
Acceptable No 

Acceptable No 

Acceptable No 

-

\. 
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Notes': 

TABLE 7-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
. SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

1.7E-Q2 1.0E+01 1.1 E+OO 

- Blank spaces Indicate that an EEQ could not be calculated because a NOAEL or LOAELwas not available 
- Cells are shaded il the EEQ is greater than 1.0 

EEQ - Ecological Elects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

·1.9E-01 



Parameter 

Notes: 

TABLE 7-32 

TERRESTRIAL WILDLIFE MODEL-AVERAGE EEQS 

Meadow 
Vole 

EEQNOAEL 

. . 

SWMU 10 - ROCKEYE 
NSWC CRANE, INDIANA 

Meadow Short-Tailed 
Vole Shrew 

EEQLOAEL EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

5.2E+OO 2.1 E+OO ":e.I .• ' 5.7E-Ol 

9.7E-04 4.BE-04 4.0E-03 2.0E-03 

- Cells are shaded if the EEQ is greater than 1.0 

-
American 

Robin 

EEQNOAEL 

.. 
- Blank spaces indicate that an EEQ could not be calculated because a NOAEL or LOAEL Was not available 

American 
Robin 

EEQLOAEL 

·1.9E-Ol 

- This table only presents the EEQs for contaminants that had E~Qs greater than 1.0 using the maximum input parameters, 
'and were detected above background concentrations 
EEQ - Ecological Effects Quotient" 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

) 

\ 

• 

• 
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Parameters 
Ener eties 
2,4,6-TRINITROTOLUENE 
2-AMINO-4,6-0INITROTOLUENE 
4-AMINO-2,6-DINITROTOLUENE 
HMX 

TABLE 7-33 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EE05-MAXIMUM CONCENTRATIONS 
SWMU 10- ROCKEYE 

NSWC CRANE, INDIANA 

Belted Kingfisher 
NOAEL 

Belted Kingfisher 
LOAEL 

Little Brown Bat 
NOAEL 

9.2E-06 

1.9E-03 
2.2E-04 

Little Brown Bat 
LOAEL 

9.2E-07 

7.4E-04 
4.4E-0S 

1.SE+01 1.SE+00 

Notes: 
. - Cells are shaded if the.EEQ is greater than 1.0 

- Blank spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was not available 
EEQ - Ecological Effects Quotient . 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 



TABLE 7-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

Raccoon 
NOAEL 

Notes: 
- Cells are shaded if the EEQ is greater than 1.0 
- Blank spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was not available 
- This table only presents the EEQs for contaminants that had EEQs greater than 1.0 using the maximum input 

parameters, and were detected above background concentrations . 
EEQ - Ecological Effects Quotient . 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

• 

• 

• 
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. Maximum 
Frequency. 

Detected 
Average 

Chemical of Potential of C()Ocentration 
Concern (COPC) . Detection(1) 

Concentration 
(mglkg)(l) 

(mglkg)(l) 

InsectivorousIHerbivorous Wildlife 
2,4,6-trinitrotoluene 1/10 0.53 0.28 
2-amino-4,6-dinitrotoluene 1/10 0.53 0.28 
HMX 1/10 55 11.1 

RDX 5/10 1.6 0.43 
Zinc 10/10 50 . 34.0 

Piscivorous Wildlife 
2,4,6-trinitrotoluene(3) 3/12 0.0044 0.0011 
HMX 1/12 51 4.5 
RDXl3j. .7/12 0.018 0.0042 
Arsenic 12112 34.2 11.6 
Cadmium 4/12 2.4 0.94 
Chromium 12/12 65.7 . 23.5 
Copper 12112 16.9 ' 10.3 
Lead 12112 37 22.2 
Nickel 12112 44.6 21 
Zinc 12/12 301 82 

Footnotes: 

EEQs Using Average 
Exposure Values 

TABLE 7-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 10 - ROCKEYE 

NSWC CRANE 
CRANE, INDIANA 

NOAEL LOAEL 
EEQ> I ... EEQ> I Basis of Wildlife 

1.0 Species 1.0 Species Toxicity Reference Value 

None NA None NA NA 
None NA None NA NA 
5.2 Vole 2.1 Vole No significant increase in mortality was 

observed among mice consuming 30 mg/kg-day 
HMX, but a significant increase in mortality was 

observed among mice consuming 75 mg/kg-day. 
None NA None NA NA 

1.7 Robin None NA Egg hatchability <20% of controls (LOAEL) 

, 

. 

None NA None 'NA NA 
None . NA None NA NA 

None NA None NA NA 
4500 Raccoon 450 Raccoon NA 
4.5 . Raccoon None NA NA 
30 -Raccoon 7.5 Raccoon NA 
1.3 Raccoon 1.0 Raccoon NA 

.12 Raccoon 1.2 Raccoon NA 
2.2 Raccoon 1.1 Raccoon NA 
2.1 Raccoon 1.1 Raccoon NA 

1 These columns present the FOD and concentrations for soil (for insectivorous/herbivorous wildlife) or sediment (for piscivorous wildlife), except as noted in footnote 3. 
2 See Section 7.7.6.2 for a more detailed Step 3a evaluation. . " 
3 2,4,6-trinitrotoluene and RDX were detected in the surface water but not the sediment. Values given are surface water values in mg/L. 

EEQ = Ecological Effects Quotient 
NA = Not available or not applicable 
NOAEL = No Observable Adverse Effect Level 
LOAEL = Lowest Observable Adverse Effect Level 

( 
,/ ~ " 

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

Risk 
Determination 

Retained 
asa , (Acceptablel 

Unacceptable) 
COPC? 

Other Step 3a Factors Considered in Evaluation(2) 

- NOAEL EEQ is less than 1.0. Acceptable No 
- NOAEL EEQ is less than 1.0. I Acceptable No 
- Little ecological habitat in area with· detections of HMX in surface soil. Acceptable No 

- NOAEL EEQ is less than 1.0. Acceptable No 
- Dose from surface soil exposure route makes responsible for EEQ:> 1.0. Acceptable No 
- Dose from surface water exposure route makes up less than 0.1 of the EEQ. 
- Zinc concentrations in surface oil are within background concentrations. 
- Risks from zinc are within backQround risks. 

- NOAEL EEQ is less than 1.0. Acceptable No 
- NOAEL EEQ is less than 1.0. Acceptable No 

-NOAEL EEQ is less than 1.0. Acceptable . No 
- Waterbodies are very small with few fish; not likely to support a significant Acceptable No 

amount of the diet for raccoons, if any. Acceptable No 
- Unlikely that metals in sediment are related to site activities. Acceptable No 
- Doses are likely overestimated because default bioaccumulation factors Acceptable No 

of 1.0 were used to estimate tissue concentrations in food items for the Acceptable No 
raccoon because bioaccumulation factors for metals are not available. Acceptable No 

Acceptable No 

DECEMBER 2004 
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Figure 1. Isochore of sandstone "A", Rockeye Facility. 
Note: this figure was reprinted from USAGE, 1998. 
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Figure 2. Isochore of sandstone "8". Rockeye Facility. 
Note: this figure was reprinted from USAGE, 1998. 
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Note: this figure was reprinted from USAGE, 1998. 
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