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May 24,2002 

COMMENT SUMMARY 
NSWC CRANE SWMUs 4,5,9, & 10 INTERNAL DRAFT RFI REPORT 

TOM BRENT'S 2/15/02 E-MAIL TO RALPH BASINSKI (TtNUS) 

1. GLOBAL: "an_ RFI" since one reads "Or  - .f - +" (not "RCRA Facility Investigation) and "R" is a 
soft consonant. 

Tech, NUS, Inc. (TtNUS) agrees. Therefore, a global find and replace was made to the RFI report to 
replace 'a RFI" with 'an RFI". 

2. General: Ensure that carcinogenic risk discussions include those receptors that fall between 
the range of 1x10" to 1x10' (e.g., see page 4-32). 

The risk characterization sections (Sections 4.6.3, 5.6.3, 6.6.3, and 7.6.3) have been reviewed and were 
found to be written similar to the discussion on page 4-32. Therefore, it was not necessary to modify any 
of these carcinogenic risk discussions. 

3. General: For Tables X-12 - X-18 (where X = 4, 5, 6, & 7), what do the "Minimum Concentration" 
and "Minimum Qualifier" columns add to these tables? Suggest deleting these 2 columns, 
especially since these are in the associated "Analytical Results Summary Statistics" tables. 

The risk assessment was reported in U.S. EPA RAGS-D reporting format. RAGS-D reporting format 
specifies which columns are to be included in the tables and states that none of the specified columns are 
to be removed from the tables. Therefore, these columns have been included in Tables 4-12 through 4- 
18, Tables 5-12 through 5-18, Tables 6-1 2 through 6-18, and Tables 7-12 through 7-18. 

, No changes have been made to the RFI report based upon this comment. 

4. General: It would seem that both of the Human Health and Ecological Conceptual Site Models 
(e.g., Figures 4-13 & 4-14) should have the same release and transport mechanisms. Why are they 
different? 

The tables are constructed differently because the media evaluated are different for the human health 
and ecological assessments. For example, exposure to ground water is not evaluated in the ecological 
risk assessment. However, there are some discrepancies between the human health and ecological site 
models that were corrected. Revisions were made to Ecological Conceptual Models (Figures 4-14, 5-14, 
6-1 5, and 7-1 8) as appropriate. 

5. General: Discussions of methylene chloride detections are typically followed up with a 
statement about how similar concentrations of methylene chloride are typical of those found in 
laboratory blanks. The intent is apparently to write-off methylene chloride as a contaminant at the 
various SWMUs where it was found. However, no QC data is presented to  validate this claim. Is 
there any associated QC data to back this up? 

Analysis of laboratory blank data from Laucks Laboratory for CTO 159 and CTO 10, SWMUs 4, 5, 9, and 
10 revealed that the observed frequencies of detection and the concentrations of methylene chloride for 
this project in site samples are comparable to laboratory blank data with one possible exception. A 
summary of that analysis was inserted into Section 3.1.4.2 as the 3d, 4th, 5th, and 6th paragraphs with the 
2nd paragraph being rewritten. The revised 2* through 6th paragraphs in Section 3.1.4.2 are as follows: 

"Two significant trends were noted in the data: holding times for miscellaneous parameters resulted in 
the qualification of 35 percent to 81 percent of the data and methylene chloride showed up as a pervasive 
blank contaminant. The parameters most often affected by holding time exceedances were cyanide and 
soil pHs. Soil pH has a 24-hour holding time, which, due to shipping constraints, the laboratory was not 
able to meet. No corrective measures are recommended on this basis because pH is a parameter of 
secondary importance that provided information on potential contaminant mobility or perhaps even on the 
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utility of certain remedial alternatives. Nevertheless, the data user should be aware that the holding 
times were exceeded and that the pH values could be incorrect. If accurate pH values are needed in the 
future, consideration should be given to re-collecting samples for pH analysis. Cyanide has a 14-day 

3 
holding time. The laboratory did extract the samples for cyanide within the 14day holding time but did 
not analyze the samples within that timeframe. In the future, holding times for cyanide should clearly 
document that extraction and analysis for cyanide must occur within 14 days. 

"Laboratory blanks are used to estimate whether the laboratory could be contaminating samples. One 
laboratory soil blank exhibited 4 &kg of methylene chloride while none of the 10 other soil blanks 
exhibited detectable concentrations of this chemical. Nevertheless, suspicions were raised that this 
chemical (at low concentrations) was indicative of general laboratory contamination rather than 
contamination associated with SWMU 4, 5, 9 or 10 activities. These suspicions were based on past 
experience and the known sporadic nature of laboratory contamination, as well as the sparse spatial 
distribution of samples contaminated with methylene chloride. 

"To test this suspicion, laboratory soil blank data were analyzed from Laucks Laboratory for another 
project currently under way at NS WC Crane (CTO 159, S WMU 03). There were 18 laboratory soil blanks 
analyzed for VOCs. Fourteen of the 18 blanks exhibited detectable concentrations of methylene chloride 
ranging in concentration from nondetect at 1 pg/kg to 5 pg/kg. The average concentration (nondetects 
excluded) was 2.4 pg/kg with a standard deviation of 0.99 pg/kg. Based on these statistics, 
approximately 99% of the methylene chloride contamination in laboratory blanks would range from 0 
pg/kg to 5 pg/kg if the concentrations were normally distributed. These data confirm that low 
concentrations of methylene chloride are routinely found in soil samples from this laboratory and that 
methylene chloride concentrations in the indicated range (possibly even greater than 5 pg/kg) may be 
attributed to background contamination in the laboratory. 

"The fact that laboratory blanks sometimes exhibit non-detectable levels of methylene chloride and 
sometimes detectable, but relatively low levels of that chemical, reflects the sporadic nature of laboratory 
background contamination. The observed background levels of methylene chloride are not indicative of 
substandard laboratory performance. Rather, this phenomenon is well known throughout the 
environmental industry. Cyclical changes in laboratory background contamination are also expected so 

3 
that sometimes the contamination problems are worse than others are. - 
"In addition to the above concentration range analysis, the frequencies of detection for methylene chloride 
in laboratory soil blanks and in site soil samples were compared after combining data from CTO 010 
SWMU s 4, 5, 9, and 10, and CTO 159 SWMU 03. The two CTO data sets were combined to obtain 
greater statistical power than could be achieved with only the CTO 10 data. Only samples exhibiting 
methylene chloride concentrations in the range of non-detect to 5 pg/kg were considered. Fifty-two 
percent of 29 laboratory blanks were contaminated and 13 percent of 258 site samples were 
contaminated in this concentration range. Methylene chloride results for 66 site samples (about 46% of 
the data) were qualified as nondetect on the basis of laboratory blank contamination, with an average 
detection limit of 15 pg/kg. All SWMU 4, 5, 9, and 10 methylene chloride soil results were less than or 
equal to 8 pg/kg except for sample 05SB030507, which had 42 pg/kg methylene chloride and is the only 
detectable methylene chloride concentration that is not qualified as estimated. 

"On the basis of the above observations, the methylene chloride contamination observed in all SWMU 4, 
5, 9, and 10 soil samples except sample, 05SB030507, is attributed to laboratory contamination. 
Whether the methylene chloride concentration of sample 05SB030507 reflects site contamination or not is 
not clear. " 

Additionally, whenever methylene chloride in soil is discussed in the nature and extent text, a reference to 
above additional text in Section 3.1.4.2 has been added. 

6. General: On the various "Summary of Positive Analytical Results" tables, it might also be 
helpful to note the "upgradient" ground water, surface water, and sediment sample on their 
respective tables. 3 
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The Summary of Positive Detects Tables for ground water, surface water, and sediment were revised to 
also include 'upgradient" sample identification in the column heading. 

The following tables have been modified to reflect this comment and various other comments received: 
Tables 4-1 through 4-1 1, 5-1 through 5-1 1, 6-1 through 6-1 1, 7-1 through 7-1 1. 

7. General: Consider deleting the 2"d sentence ("Section 1.0 of this report . . . .") in 554.6, 5.6, & 
6.6 as i t  doesn't add anything here. 

This sentence has been deleted from the IS' paragraph of Sections 4.6, 5.6, 6.6, and 7.6. 

8. General: Would i t  be possible to change map formats to read title and Figure # wlo unfolding? 

All 11" by 17" figures have been modified such that the figure title and number can be read when the 
figure is folded. This format follows the standard SOUTHDIV format. 

9. General: Explain somewhere that the borings shown on the figures numbered "IWXX-XX" are 
historical borings installed by WES ACOE. 

The following new 3d sentence was added in the 2nd paragraph of Section 4.3.2. 

"Borings shown on these figures consist of those installed by TtNUS and one historical boring installed by 
the U. S. Army Corps of Engineers (US ACE)." 

The following new 2nd sentence was added in the 2nd paragraph of Section 5.3.2: 

"Borings shown on these figures consist of those installed by TtNUS and three historical borings installed 
by the US Army Corps of Engineers (US ACE). The USACE installed Borings were 05/03-1, 05/03-2, 
05/03-4. and 05/03-5. " 

The following new 2"d sentence was added in the 2nd paragraph of Section 6.3.2: 

"Borings shown on these figures consist of those installed by TtNUS and seven historical borings installed 
the U.S. Army Corp of Engineers (US ACE). Borings 09/05-02, 09/05-04, 09/0505, 09/05-06, 09/05-07, 
09/05-10, and 09/05-I I by the USACE. " 

No changes were necessary for Section 7.3.2 because the figure showing the cross sections was 
obtained from an U.S. ACE report and references were made to this report. 

10. General: All the figures for all the other media contain the media designation i n  the sample 
#s, except for the GW figures. For consistency and ease of review, please add " G W  to the tags 
on the GW figures (e.g., "05GW01" from "05-01"). Else, change the text and tables to match the 
figures. 

The tag maps are generated from the NSWC Crane analytical database. All data in the database is tied 
to a location including a northing and easting. Nomenclatures for locations for all media, other than 
ground water, include the media designation. The tag maps have not been changed. However, and 
additional line has been added in each of the tables listing the ground water data (Tables 4-6, 5-6, 6-6, 
and 7-6) to list the location nomenclature for each ground water sample. This is the same nomenclature 
as noted on the tag maps. 

11. p.1-2 61.2.2.1 n3: Typographic error: "(NSWSCC)" 

This typographical error has been correct in the RFI text. 

12. p.1-9 "SWMU 10-Rockeye": Does the fact that Rockeye has a carbon treatment facility for 
explosives contaminated water (K047) matter? See also p.1-13 91.4.4. 
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The fact that Rockeye has a carbon treatment facility for explosives contaminated water is discussed in 
the fourth paragraph of Section 1.4.4 where a detailed discussion of Rcokeye is provided. Section 1.3.6 

3 
(page 1-9) only discusses demography and land use. It does not matter for this section. 

No changes have been made to address this comment. 

13. p.1-12 51.4.2 Tl: Typographic error: ". . . bounded on the west by Highway 5=," 

This typographical error has been correct in the RFI text. 

14. p.1-12 51.4.3 72: Typographic error: "Pesticide storage and -mixh~. . . ." 
This typographical error has been correct in the RFI text. 

15. p.1-13 T2: Since this discussion also includes 82189, 1974 is the wrong date. See also fl4. 
Pesticide operations continued at 82189 until approximately 1993. 

Section 1.4.2, 3& paragraph, 1' sentence now reads as follows: 

"Pesticide control activities. which were conducted at the site from 1950 to 1993.. . " 

Section 1.4.2, 5th paragraph, 1' sentence now reads as follows: 

"Pesticide control operations ceased at this site around 1993. " 

16. p.1-13 61.4.4 ll1: '*. . . crest that separates Sulphur Creek and Beggci-liwkey-Creek ddnaae 
basins in the . . . ." 

"rc, 
Section 1.4.4, 1'' paragraph, 2nd sentence now reads as follows. 

"Rockeye is a 10-acre site located on a flattened ridge crest that separates Sulphur Creek and Turkey 
Creek drainage basins in the north-central portion of the Base. " 

17. p.1-15 Last q: "Additional proposed monitoring wells were not installed . . . ." One well was 
installed - 04C01. 

Section 1.5.1, 7th paragraph, 2nd sentence now reads as follows. 

"Only one (04C01) of the additional proposal monitoring wells was installed and not all ground water 
samples. . . " 

18. p.1-16 51.5.2 T5: ". . . analyzed for a comprehensive -list of cmsthmts. "  

Section 1.5.2, sth paragraph, last sentence now reads as follows. 

". . .analyzed for a comprehensive list of constituents. " 

19. p.1-27 72 
a. Typographic error: "The presence of TPH k -b th i s  area may also be attributable to 
anthropogenic sources." 

This typographical error has been correct in the RF I text. 

b. Unless TPH occurs naturally, what does "attributable to anthropogenic sources" say 
that we don't already know? See also the top of p.3-35. "-4 . .P 
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This sentence has been deleted from Section 1.6.3.1, paragraph 5. The last sentence of the last 
paragraph of Section 3.3.1.2 has also been deleted. 

20. p.1-30 12: When stating that acetone, 2-butanone, chloroform, etc. were also reported at 
similar concentrations at the other SWMUs in this study, were any of the associated QC samples 
for SWMUs 4, 5, & 9 likewise contaminated? Were all or just some of the listed analytes detected 
at the other 3 SWMUs? Note that according to §§1.6.1.1, 1.6.2.1, 1.6.3.1 and 1.6.4.1, only 
methylene chloride and phthalates were common to all 4 SWMUs. 

Section 1.6 discusses constituents of interest for each of the SWMUs. The information in this section was 
obtained from the approved-Work Plan for the RFI investigation. This section contains a discussion of 
historical data and information on site operations which, were used to select chemicals of interest for the 
RFI investigation. The discussion regarding acetone, 2-butanone, chloroform, etc. is contained in 
Section 1.6.4.1 where selection of organic chemicals of interest for Rockeye is discussed. Because these 
compounds were found in laboratory and field QC blanks associated with the historical samples they 
were not considered site-related constituents and were eliminated as parameters of interest for Rockeye. 
In order to avoid confusion, the last sentence of section 1.6.4.1 paragraph 5, which contains references to 
other SWMUs, has been deleted. 

21. Fiaures 1-4 - 1-6: The green, yellow, and red shaded areas on these figures represent 
different soil types as identified in the Basewide Background soil report. Yet, this is not 
discussed on these figures. Please remove the green, yellow, (L red. 

The green, yellow, and read shaded areas were removed from Figures 1-5 and 1-6. The coloring-shaded 
area on Figure 1-4 does not represent different soil types. Therefore, no change was made to this figure. 

22. p.2-3 42.4.1.1: Change "eight" to "8" in the parenthesis for readability. 

This comment has been incorporated into the RFI text. 

23. p.2-6 92.5.3 73: Typographic error: "Section 2.42-13 describes . . . ." See also a 2  and 5 on 
p.2-7, and the 1st 7 on p.2-10. 

This typographical error has been corrected in Section 2.3.3.3, paragraph 3, third sentence. Additionally, 
Section 2.6.1 2& paragraph 2nd sentence, Section 2.6.1 sth paragraph 1'' sentence, and Section 2.6.2.3 
2nd paragraph sth sentence have been modified to correct this typographical error. 

24. p.2-6 52.6: Check reference to Section 3.0. 

The 2& sentence in the ld paragraph of Section 2.6 has been modified as follows: 

"Sample locations and analytical requirements, including field test methods for these samples, are 
detailed in the appropriate section for each S WMU. " 

25. p.2-7 71: Correct reference to "CTO 10 SOP B." 

Section 2.6.1 ld Paragraph 3'* Sentence has been modified as follows. 

"CTO 10 SOP 3 was utilized for well purging and stabilization prior to sampling and for low-flow sampling 
techniques. " 

26. p.2-9 s2.6.2.3 
a. 71: Change to read: "In the absence of volatiles, staining, or wet soils, a random 
interval was collected to represent the exposure of receptors from subsurface soils. If volatiles 
were not elevated, staining was not observed, and ground water was not encountered above the 
pre-defined random interval, then samples for laboratory analysis were collected from a randomly 
selected 2-foot interval to represent the exposure of receptors from subsurface soils. 
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Section 2.6.2.3 lS' Paragraph 4th sentence has been modified. The revised lS' paragraph reads as 
follows: 

3 

"If volatiles were not elevated, staining was not observed, and ground water was not encountered above 
the pre-defined random interval, then the samples for laboratory analysis were collected from a randomly 
selected 2-foot interval to represent the exposure of receptors from subsurface soils. All borings were 
drilled to depths no greater than 10 feet below the ground surface or until refusal was reached. " 

b. 72: ". . . EnCora samplers, placed in . . . ." 
Section 2.6.2.3 2"* Paragraph 3* Sentence Response: TtNUS agrees. This comment has been 
incorporated into the RFI. 

c. w: The last sentence on the bottom of p.2-9 and continues on p.2-10 is redundant 
("mixed"). 

The 4'h sentence of 2"d paragraph in Section 2.6.2.3 has been rewritten as follows: 

"The remaining soil core was then mixed and samples were then mixed. And other samples were then 
collected for other parameters [i.e., semivolatile organic compounds (SVOCs), metals, etc.], placed into 
the required containers, immediately sealed, and placed in a cooler at 4°C. " 

27. p.2-12 52.9 TI: Typographic error: "These procedures are detail& in the QAPP and FSP." 

This typographical error has been correct in the RFI text. 

28. p.2-13 "Temperature blanks": Typographic error: "Temperature blanks were ~ u s e d t o  
determine . . . ." 3 
This typographical error has been incorporated into the RFI text. 

29. p.3-1 63.1.1 1'' bullet: Typographic error: ". . . current and future land usdg." 

This typographical error has been correct in the RFI text. 

30. p.3-18 63.2.2: The 1'' 4 bulleted items are discussed in the subsequent subsections. 
However, the last 2 ("Volatilization from soil or ground water" & "Erosion and runoff of 
contaminated particles from soil and deposition in surface water bodies") are not. 

Discussions of "Volatilization from soil or ground water" and "Erosion and runoff of contaminated particles 
from soil and deposition in surface water bodies" have been added to this section as Subsection 3.2.2.5 
and read as follows: 

"3.2.2.5 Volatilization from Soil or Ground Water 

"Chemicals in soil can migrate into ambient air either as vapors or by adhering to particulate matter 
(dusts). Chemicals that have a significant volatility are likely to enter ambient air as vapors. These 
chemicals are generally considered to be compounds with Henry's Law Constants greater than 1.0~10-5 
and molecular weights less than 200. Chemicals with lower Henry's Law Constants and higher molecular 
weights are more likely to enter ambient air on particulate matter carried by winds. This pathway may not 
be significant for SWMUs 4,5,9, and 10 because large portions of the sites are either paved or vegetated, 
thereby limiting emissions from soil. In addition, as shown in the site-specific risk assessments, maximum 
concentrations off all chemicals detected at the sites were less than USEPA Generic SSLs for migration 
from soil to air. 

.a 
.A 

Page 6 of 30 



May 24,2002 

"Since VOCs are typically very mobile, they may leach to groundwater (as discussed above) or volatilize 
into ambient air. VOC vapors in groundwater or subsurface soil may migrate through the overlying soil 
layers and into ambient air. Studies have shown that the vapors can move either horizontally or vertically 
in the subsurface. The vapors may also enter buildings through cracks in building foundations or walls. 
Upon entering ambient air the vapors are not expected to persist for long periods of time having half-lives 
in the atmosphere typically measured in hours or a few days. Vapors may also be released to ambient air 
from soil or groundwater during excavation activities. " 

Additionally, discussions of "Volatilization from soil or ground water" and "Erosion and runoff of 
contaminated particles from soil and deposition in surface water bodies" have been added to this section 
as Subsection 3.2.2.6 and read as follows: 

"3.2.2.6 Erosion and Runoff of Contaminated Particles from Soil and Deposition in Surface 
Water Bodies 

"Chemicals adhering to particulate matter in soil (or sediment) may migrate by erosional processes, such 
as rainwater runoff, to drainage ditches or nearby streams. This is a potentially important migration 
mechanism for environmentally immobile chemicals (i-e., PAHs, pesticides, PCBs, and dioxins) that tend 
to bind to soil. The contaminated soil particles may be moved by runoff or the intermittent flow in 
drainage ditches and be deposited in nearby soils or water bodies. " 

31. p.3-19 Last Sentence before 63.2.2.3: Rather than aquifer &I, should this be aquifer 
formation? 

Section 3.2.2.2 Last Paragraph Last Sentence Response: TtNUS agrees that the term aquifer soil is 
confusing. However, this sentence addresses the soluble compounds that adhere to soil particles that 
are suspended in the water of the aquifer rather than the aquifer formation itself. Therefore, the last 
sentence in the final paragraph of Section 3.2.2.2 has been revised as follows: 

"Retardation is a slowing of contaminant migration caused by the reaction of the solute with the 
particulate matter in the aquifer. " 

32. p.3-20 63.2.2.4: Change the § title to read, "Migration of Contaminants in #e-!jurface W 
Water" 

The title of Section 3.2.2.4 has been changed to read: 

"Migration of contaminants in Surface Water" 

33. p.3-22 T2 Last Sentence: Since BCF stands for Bioconcentration Factor, "BCF factors" is 
redundant. Perhaps change "factors" to "values" or "IfieBCF faaeFsindicate3 ...." 
Section 3.2.3.2, Last Paragraph, Last Sentence was modified to read as follows: 

"The BCF values indicate ..... ......" 

34. p.3-22 63.2.3.4 Tl: Clarify what the "s" in "&,s" stands for. 

Section 3.2.3.4 lS' Paragraph Response: Kows is the plural for Kow (i.e., multiple Kow are shown as 
Kows). 

No changes have been made to the RFI document based upon this comment. 

35. p.3-25 83.2.3.8: Typographic error: "If released to sojl," 

This typo has been corrected 
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36. p.3-25 63.2.3.9: Typographic errors: "2-amino-a6-d&initortoluene" should be "2-amino-4,6- 
dinitrotoluene." Also, "4-amino-2,6-d4initrotoluene." Both are used twice in this 1. 3 
Section 3.2.3.9 I*  Paragraph 1'' and 2"d sentences have been corrected to address these typographical 
errors. 

37. p.3-26 Ti: The sentence, "The mobility of metals generally increases with decreasing soil pH 
and cation exchange capacity" is used twice. 

The duplicate sentence in Section 3.2.3.10 2"d Paragraph 3* Sentence has been deleted. The paragraph 
now reads as follows: 

"The mobility of metals is influenced primarily by their physical and chemical properties, in combination 
with the physical and chemical characteristics of the soil matrix. Factors that assist in predicting the 
mobility of inorganic species are the soil/pore water pH, soil/pore water Eh, and cation exchange 
capacity. The mobility of metals generally increases with decreasing soil pH and cation exchange 
capacity (Table 3- 13). " 

38. p.3-26 53.2.4: This section is titled "Contaminant Fate and Transport." Subsequent 
subsections seem to describe only transport, except for PCBs (53.2.4.4) which is fate wlo 
transport. 

Section 3.2.3 (Chemical Persistence) discusses fate characteristics of the classes of chemicals 
evaluated. Section 3.2.4 appears to contain appropriate information about the environmental fate of 
these chemicals. Therefore, for clarification, Section 3.2.3 has been renamed as follows: 

"Chemical Fate and Persistence. " 

In addition, Section 3.2.4 has been removed from the document because the information in this section is 
contained in the previous sections and is redundant. 3 
39. p.3-28ff 23.3: Ensure all acronyms are defined. 

New acronyms, RAGS and OSWER are now defined in Section 3.3. In addition to defining all acronyms 
within Section 3.3, the document 'Acronym List" and the RFI document has been reviewed to identify 
other acronyms that may not have been defined. 

40. p.3-32: The 7 that begins "If the maximum concentration . . . ." is for Ground WaterlSurface 
Water. As such, delete "basewide" from "basewide background levels." 

Section 3.3.1.2.1 Subsection Ground WaterlSurface Water 3* Paragraph I *  Sentence Response has 
been modified to delete the words "basewide background" and the word 'upgradient substituted. 
Background should be used for soils and upgradient for ground water, sediment, and surface waters. 
This sentence now reads as follows. 

"If the maximum concentration of a constituent exceeds any of these criteria (and the constituent is 
considered to be present at concentrations greater than upgradient levels), . . . " 

Additionally, Section 3.3.1.2.1 Subsection SoilISediment 2nd Paragraph I*  Sentence has been rewritten 
to read as follows: 

"If the maximum concentration of a constituent exceeds any of these criteria (and the constituent is 
considered to be present at concentrations greater than background levels for soil and upgradient levels 
for sediment), the chemical was selected as a COPC and carried through to the quantitative risk 
assessment. " 

'-'+ 
41. p.3-44 63.3.2.4.6: Should "Intake,? be "Intake,;'? + 4 
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Section 3.3.2.4.6 15' Equation Response: TtNUS disagrees. "Intakesi" is appropriately used because it 
refers to the intake while showering. Therefore, it is not necessary to change "Intakesit' to "Intake,?. 
However, to be consistent with the terminology on page 3-45 " l n t a k ~ ?  have been changed to "Intaked". 

42. p.3-50 63.3.4.2: Section 3.3.4.2.1 on p.3-38 says that since the concentrations of all chemicals 
detected in soil at SWMUs 4, 5, 9, 8 10 are less than the SSLs, no quantitative evaluation of 
inhalation risks was performed. Consider deleting s3.3.4.2. or rewrite. 

Section 3.3.4.2 has been .deleted from the document. 

43. Tables 3-1 & 3-2: The notes for "NAF" and "NA" do not apply since they are not found on 
these tables. 

The terms 'NAP and 'NA" have been deleted from Tables 3-1 and 3-2. 

44. Table 3-14: Add units to columns 3-5. 

Units have been added to the column 3 through 5 headers of Table 3-14. 

45. Table 3-15: Add units to columns 3-6. 

Units have been added to columns 3 through 6 headers of Table 3-1 5. 

46. Table 3-27 Dane 213: Consider deleting the air ET for the Construction Worker. 

It was not necessary to evaluate the Construction Worker exposure time (ET) pathway in the risk 
assessment. Therefore, the row for the construction worker's ET has been deleted from Table 3-27. 

47. p.4-6 54.4.1 VOCs: "If these compounds were site related, one might expect. . . ." Though the 
statement is true for GW, since this is a dumpsite, one expects that sporadic dumping might have 
taken place. As such shouldn't there be a greater vertical component rather than horizontal in 
soils. Note the following showing VOCs detected in vertical profile: 

Section 4.4.1 Subsection Volatile Organic Compounds 1'' Paragraph Last Sentence Response: TtNUS 
and the Navy has reached an agreement regarding this comment to delete the last sentence in the 1'' 
paragraph of Section 4.4.1 Subsection Volatile Organic Compounds (i.e.,. the following sentence were 
deleted from the RFI text: 'If these compounds were site related, one might expect to see more frequent 
detections and the concentrations to be greater than those detected unless the VOCs had volatilized into 
the atmosphere over time to yield very little to no residual contamination"). 

The following sentence was added at the end of the third paragraph of Section 4.4.1: 

"Concentrations of methylene chloride are likely to be attributable to blank contamination. See Section 
3.1.4.2 for additional details. " 
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a. 11: The sentence that begins, "In general, VOCs were. . . ." is confusing. Rewrite for 
clarity. 3 
Section 4.4.2 Subsection Volatile Organic Compounds 1'' Paragraph 3' Sentence Response: TtNUS 
agrees that this item requires clarification. Therefore, for clarification, the 3' sentence in the 1' 
paragraph of Section 4.4.2 Subsection Volatile Organic Compounds was deleted because the 4m 
sentence of that section and paragraph clearly states the frequency at which each compound was 
detected. Additionally, two new sentences have been added to the end of this paragraph as follows: 

"In summary, as displayed in Table 4-5, VOCs were detected infrequently (i.e., from 1 to 3 of the 12 
samples collected). Additionally, it is likely that concentrations of methylene chloride are attributable to 
blank contamination (see Section 3.1.4.2) for a detailed explanation." 

b. 12: Though true, the statement that "VOCs detected in surface soils would be 
expected to volatilize into the atmosphere more rapidly," seems a bit misleading since the 
"surface samples" that had VOCs hits were from the 1-2 foot interval. 

TtNUS agrees and has rewritten the 2nd paragraph of Section 4.4.2 as follows: 

"A few more VOCs were detected in the subsurface soil than in surface soils. If these VOC compounds 
were site related, it would be logical that the concentrations of VOCs, and perhaps even the variety of 
VOCs that are detected in subsurface soil, would surpass those detected in surface soil because those 
VOCs detected in surface soils would be more susceptible to volatilizing into the atmosphere. A greater 
variety of VOCs was in fact observed in the subsurface soil samples collected from this site. 
Nevertheless, the VOC concentrations in surface and subsurface soil are similar. Furthermore, their 
location suggests that at least some of the VOCs are site related. The observed concentrations of 
methylene chloride and acetone are comparable to what is commonly observed from laboratory 
contamination. This has raised suspicions that those VOCs, in particular, are not related to site activities 
but this can not be demonstrated with the available data. While the observed concentrations cannot be '3 
wholly or partly attributed to laboratory contamination, the observed concentrations and spatial 
distributions do not suggest the existence of a significant human health or ecological concern as is 
explained in Sections 4.6.1 and 4.7. Taken together, the sporadic spatial distributions and the relatively 
low concentrations of the detected VOCs suggest that, while these contaminants are not completely 
bounded, continued investigation of them in soils is not warranted. " 

49. p.4-11 PesticideslPCBs M: The last sentence states that the detected pesticides may be 
attributable to basewide insect control measures. However, since the compounds were not 
detected in the surface soils but rather were found 6-8' and 8-10' below surface and were detected 
in the northern to central part of the site (i.e., away from roads), it's hardly likely that their 
presence is attributable to historical basewide insect control measures. 

TtNUS agrees. Therefore, the last sentence in the lS' paragraph of Subsection 4.4.2 PesticidelPCBs has 
been deleted. 

50. pp.4-11 - 4-12: The discussion of PCBs states that "the limited detection suggests little to no 
migration to other areas after disposal." Without going back through the field notes to see why 
the 6-8' interval was sampled for analysis, it may be that PCB concentrations were higher at 5' or 
9', thus demonstrating vertical migration. Especially in a dump site, it's unlikely that PCBs would 
migrate horizontally, especially given that PCBs are relatively immobile in soil. 

Section 4.4.2 Subsection PesticideslPCBs 2nd Paragraph 4th and 6 Sentenc2s Response: TtNUS 
agrees that this item requires clarification. Therefore, the sth sentence in the 2 paragraph of Section 
4.4.2 Subsection PesticideIPCBs has been deleted. 

Additionally, the 4th sentence in the 2nd paragraph of Section 4.4.2 Subsection PesticideIPCBs has been 
rewritten as follows: 9 

. .'&' 

Page 10 of 30 



May 24,2002 

"The presence of Aroclor-1254 is almost certainly related to past disposal activities at this site because 
the observed concentration is relatively high (i.e., greater than 250 pg/kg) although the limited detection 
suggests an isolated occurrence. " 

Further clarification has been included by the addition of a new paragraph at the end of Section 4.5.4 as 
follows: 

"There is no indication of free product (the concentration is only 2,100 pg/kg) that would move vertically 
via gravity flow. Instead the observed concentration is consistent with soil contamination which is not 
likely to move deeper in the soil column. Any vertical migration downward is likely to reduce any risk 
associated with Aroclor-1254. The low frequency of detection at which Aroclor-1254 was detected 
doesn't warrant further investigation. " 

51. p.4-16 SVOCs: Was di-n-octyl phthalate found in any of the associated QC samples? If not, 
then the last sentence needs to be rewritten or deleted. 

Di-n-octyl phthalate was not found in the associated quality control samples. Therefore, the last two 
sentences in the 15' paragraph of Subsection 4.4.4 Subsection Semivolatile Organic Compounds have 
been deleted. 

52. p.4-21 n4: Use of the term "samples" in the 4th and 6th sentences is confusing. There was only 
1 dissolved ground water sample, analyzed for multiple compoundslanalyteslmetals. 

The term 'samples" was revised to read "sample in the 4th and 7th sentences of the 6th paragraph in 
Section 4.4.6. 

53. p.4-22 64.5: In the listing of classes of chemicals per media, why are SVOCs not listed for 
ground water and surface water? Also, the VOC hit for sediment. These need to be included 
unless adequate QC data can be presented to clearly eliminate the SVOCs and VOC from further 
consideration. 

TtNUS agrees that further clarification of this item is required. Because they are common laboratory 
contaminants and were detected at low levels, the SVOCs (phthalates) and VOCs (methylene chloride) 
were not included in this list. Therefore, they were not considered to be site-related contaminants. 
However, for the sake of completeness, they have been added to this list. 

Additionally, a new section that discusses phthalates has been added to the end of Section 4.5 as 
follows: 

"Section 4.5.6 Phthalates 

"Phthalates are considered to be relatively persistent chemicals in the environment. Although numerous 
studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is a slow 
process in both soils and surface waters. Certain microorganisms have been shown to excrete products 
that increase the solubility of phthalate esters and enhance their biodegradation. 

"Biodegradation of bis(2-ethylhexyl) phthalate and di-n-butyl phthalate in water is an important fate 
mechanism. However, hydrolysis of bis(2-ethylhexyl) phthalate is very slow, with a calculated half-life of 
2000 years. In soil, microorganisms appear to be capable of degrading di-n-butyl phthalate rapidly. 
Bioaccumulation is also a significant fate process. Photolysis and volatilization are considered to be 
insignificant degradation mechanisms. " 

54. p.4-23 S4.5.5: Typographic error: "The metals detected in the unfiltered ground water 
samples are . . . ." 

This typographical error has been correct in the RFI text. 
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55. p.4-26 54.6.1.2: The 3* sentence ("One well, 04GWOlO1,") is an incomplete thought. Perhaps 
change to, ". . . upgradient of the site d m u s e d  as background. . . ." 3 
Section 4.6.1.2 1 "' paragraph 3* sentence has been revised to read as follows: 

"One well, 04GW0101, located on the western side of the site of the site was used as upgradient for 
COPC selection in ground water. " 

56. Table 4-3 
a. What are "Lowlands" and "Highlands"? Is this explained anywhere? I don't recall this 
terminology in the Basewide Background~eport. 

TtNUS agrees that this terminology is not in explained nor are these commonly used terms. Therefore, 
the columns labeled "lowlands" and 'highlands," were deleted from Table 4-3. 

b. On page 212, consider putting the explanatory footnotes in parentheses (e.g., "(1)") to 
make it a bit more clear that that's what's being referred to. 

Table 4-3 Response: TtNUS agrees that this item requires clarification. Therefore, for clarification, the 
footnotes on all other frequency of detection tables, including Table 4-3, were reformatted. 

c. Don't know what can be done about it, but notice that under the "Detection Frequency" 
column, 14 samples are listed. However, in the "I-Associated Samples" box, 28 samples are 
shown. 

14 surface soil samples were collected from a depth of 0 to 2 feet. Samples for all fractions other than 
metals were collected from the full interval (0 to two feet). However, samples for VOCs were collected 
from the 1 to 2 foot interval because the 0 to 1 foot interval would be depleted in VOCs due to 
volatilization. The following explanation has been added to the footnote 1 on Table 4-3. 9 
"NOTE: Surface soil samples were collected from the 0 to 2-foot depth interval. Samples collected for all 
analyses other than VOCs were taken from the full interval. Samples collected for VOCs analyses were 
taken from the I to 2-foot interval because the 0 to I-foot interval would be depleted in VOCs. " 

Therefore, the number of surface soil samples is accurate at 14 as indicated. 

Similar changes were made to Tables 5-3, 6-3, and 7-3 to address this comment. 

57. Table 4-13: Typographic error: "MIGRA17ON" in the title on both pages. 

This typographical error has been correct in the Table 4-1 3 title. 

58. Fiqure 4-10: Define acronyms such as "BACK." If this means that a concentration for a given 
parameter exceeds the background concentration, then why does "BACK appear for well 04-01? 

Figure 4-1 0 Response: TtNUS agrees. The tag files have been regenerated and Figures 4-10, 4-10, 4- 
11, 4-1 2, 5-10, 5-1 1, 5-1 2, 6-1 1, 6-12, 6-1 3, 7-14, 7-1 5, and 7-16 tags have been updated to reflect the 
regenerated tag files. Furthermore, all references in the text to "background" have been eliminated for 
ground water, surface water, and sediment. 

Additionally, the legend for the revised figures will contain definitions for the acronyms. 

59. p.1-17 91: "Additional proposed monitoring wells were not installed . . . ." One well was 
installed - 05C01. 

Section 1.5.2 61h paragraph 5th sentence now reads as follows: 
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"Only one of proposed monitoring wells (05COI) was installed and not all ground water samples 
collected. " 

60. Tables 4-21 - 4-22: Explain why several of the Incidental Ingestion of Sediment values are 1 to 
2 orders of magnitude greater than that for Incidental Ingestion of Surface Soil. 

The risks from sediment were greater because several metals (e.g., arsenic, iron, and manganese) in 
sediment could not be eliminated as COPCs from the risk assessment on the basis of background. 
However, because of the 'basewide" background study and the statistical comparisons of these metals to 
background data, TtNUS was able to eliminate these metals from the risk assessment for soil. 

Therefore, no changes have been made to the RFI document based upon this comment. 

61. p.4-31 Noncarcinonenic Risks - RME 
a. 12: Table 4-21 reports HIS of 6.3 and 22 for adult and child residents, respectively. 
Here the text shows 4.7 and 16. 

The cumulative hazardous indexes (His) for the future adult resident (4.7) and future child resident (16) 
shown in second paragraph of Section 4.6.3 Subsection Noncarcinogenic Risks - RME are correct. The 
text reflects the recalculation of the future adult resident and the future child total risk values for recently 
published iron RfD. Table 4-21 has been updated to reflect the recalculated values. 

Additionally, Tables 4-22, 4-23, 5-21, 5-22, 6-21, 6-22, 6-23, and 7-23 have been updated to reflect the 
recalculated values. , 

b. 1'' Sentence of Last Bullet: ". . . used to estimate potential risks fmniron." 

Section 4.6.3 Subsection Noncarcinogenic Risks - RME 2"d Paragraph 2"d Bullet: TWUS agrees. This 
comment has been incorporated into the RFI text. 

62. p.4-33 54.6.3.1 
a. 92: According to  Table 4-22, HIS for adult and child residents are 4.2 and 9.4, 
respectively: Here the textreports values of 3.1 and 7.0. 

The cumulative HIS for the future adult resident (3.1) and future child resident (7.0) shown in the second 
paragraph of Section 4.6.3.1 are correct. The text reflects the recalculation of the future adult resident 
and the future child total risk values for recently published iron RfD. Table 4-22 has been updated to 
reflect the recalculated values. 

b. 73: The ILCR for future adultlchild residents is 2.4x10-'. This is greater than the lower 
end of the 1x1 0" to 1x10' range. If we're not concerned over anything less than I XI o', then why 
the lower limit of IXIO"? 

The range of 1x10-~ to 1 x1 o4 is used because U.S. EPA has defined the range of 1x1 o4 to 1x1 0" as the 
Incremental Lifetime Cancer Risk (ILCR) "target range" for most hazardous waste facilities addressed 
under CERCLA and RCRA. Individual or cumulative ILCRs greater than 1 x 1 0 ~  are typically not 
considered as protective of human health, while ILCRs less than 1x10 are generally regarded as 
protective to human health. Risk management decisions are considered necessary when the ILCR is 
within a range of 1x10'~ to 1x10". Risks that are greater than 1x10" are noted and discussed in risk 
summary table, Table 4-23. 

Therefore, no changes have been made to the RFI document based upon this comment. 

63. p.4-34 84.6.4.2 TI: Typographic error: ""A DAF of 20 is protective for sources up to 0.5 acres 
in size" . . . ." 

Section 4.6.4.2 1'' paragraph 3 1" sentence has been modified to read as follows: 
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'A DAF of 20 is protective for sources up to 0.5 acre in size.. ." 

64. p.440 ll2: Culpepper Creek flows into Furst Creek, which flows out of, not into, Lake 
Greenwood. Please correct the text. 

Section 4.7.1 3* paragraph 2"d sentence now reads as follows: 

"This creek forms the northern boundary of this site and eventually flow into Furst Creek which flows out 
of Greenwood Lake, . . . " 

65. p.4-42 54.7.4.2 ll1 & 24.7.4.3: The term "anthropogenic concentration" is used when referring 
to background. Since anthropogenic typically refers to deriving from humans while background 
is that which occurs naturally, is this incorrect or is this a common eco. RA terminology? 

Section 4.4.2 lS' Paragraph 2nd Sentence Response: TtNUS agrees that this items requires clarification. 
Therefore, for clarification, the phrase 'anthropogenic concentration" has been deleted from the 2nd 
sentence of the 1 st paragraph of Section 4.74.2. 

Additionally, for further clarification, the phase 'anthropogenic concentration" has been deleted from the 
2nd sentence of the 1' paragraph of Section 4.7.4.3. 

66. p.4-46 Zinc: Typographic error: "A few of the detections were greater W t h a n t h e  ORNL . . . 
#I 

TtNUS agrees. This typographical error has been correct in the RFI text. 

67. pp.4-46 - 4-48 64.7.5.2: Since all of the SVOC exceedances occur in 04SD02 and all but one of 
the metal exceedances occur in 04SD05, is there any concern for synergistic effects? 3 
Section 4.7.5.2 Response: Most of the criteria do not account for synergistic effects because there is 
uncertainty in the synergistic of antagonistic nature of chemicals. However, for PAHs, there are 
screening levels and alternate benchmarks for total PAHs. For example, the ER-L for total PAHs is 4,022 
pglkg, which is approximately 10 times greater than the total PAHs at that station. Therefore, there is not 
a concern for synergistic effects for this site and no changes have been made to the RFI document based 
upon this comment. 

Therefore, no changes have been made to the RFI document based upon this comment. 

68. p.4-48 Aluminum and Manqanese: Admittedly, dissolved metals in surface water are more of 
an ecological concern than total metals since much of the sediment passes through the gut. 
However, since the text states that both filtered and unfiltered were retained as COPCs, why are 
the unfiltered samples not addressed in the text? 

Section 4.7.5.3 Subsection Aluminum and Manganese Response: TtNUS agrees. Additional text will be 
added to surface water portions of Sections 4.7.5.3, 5.7.5.3, 6.7.5.3, and 7.7.5.3 to indicate that the 
filtered surface water samples are compared to the alternate benchmarks (i.e., U.S. EPA WQC), and the 
unfiltered samples were used in the food chain model. This is because terrestrial wildlife could be 
exposed to chemicals that are bound to particulate in the unfiltered samples, while aquatic organisms are 
more susceptible to dissolved concentrations of metals. 

The 2"d sentence in the 3* paragraph of Section 3.4.4.3 has been rewritten as follows: 

"The contaminant concentrations in the surface soil, sediment, and unfiltered surface water are used to 
calculate the CDI doses. " - 
Section 4.7.5.3 (Surface Water) Aluminum and Manganese first paragraph was modified as follows: 4 
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"Aluminum and Manuanese 

"These inorganic chemicals (for both filtered and unfiltered samples) were retained as COPCs because 
no surface water screening benchmarks are available, and they were above site-specific upgradient 
surface water concentrations. Filtered results were used for comparison to U.S. EPA A WQC. Unfiltered 
results were used for food chain modeling. 

"The U.S. EPA A WQC (U.S. EPA, 1999) for aluminum is 87 pg/L for the chronic value and 750 pg/L for 
the acute value, and the ORNL lowest chronic value for aquatic organisms is 460 Clg/L (Suter and Tsao, 
1996). Aluminum was only detected in one filtered sample at a concentration of 214 pg/L, from a 
drainageway that has poor ecological habitat. Therefore, risks from aluminum to aquatic receptors are 
expected to be low. " 

Section 5.7.5.3, Subsection Aluminum, Iron, and Manganese was modified by adding the following new 
first paragraph in front of the existing first paragraph: 

"Aluminum. Iron, and Manqanese 

*These inorganic chemicals (for both filtered and unfiltered samples) were retained as COPCs because 
no surface water screening benchmarks are available, and they were above site-specific upgradient 
surface water concentrations. Filtered results were used for comparison to U.S. EPA A WQC. Unfiltered 
results were used for food chain modeling. " 

Section 6.7.5.3, Subsection Iron and Manganese, 1"' Paragraph was modified to read as follows: 

"Iron and Manuanese 

"These inorganic chemicals (both filtered and unfiltered) were retained as COPCs because no U.S. EPA 
Region 5 surface water screening levels are available and the chemicals were above site-specific 
background concentrations. Filtered results were used for comparison to U.S. EPA A WQC. Unfiltered 
results were used for food chain modeling. " 

Szction 7.7.5.3. Subsection Aluminum, Iron, and Manganese. 1"' Paragraph was modified to read and a 
2 Paragraph was added as follows: 

"Aluminum. Iron, Manqanese 

"These inorganic chemicals (both filtered and unfiltered) were retained as COPCs because no Region 5 
surface water screening benchmarks are available. Filtered results were used for comparison to U. S. EPA 
A WQC. Unfiltered results were used for food chain modeling. 

"Aluminum was not detected in the filtered surface water sample and is not expected to cause a risk to 
aquatic organisms. " 

69. Table 4-1 pp.3 & 4: Sediment samples are repeated from the top of p.315 and at the bottom of 
the p.415. 

The header "SEDIMENT has been placed in Table 4-1 on the top of Page 3 of 5. The sediment listings 
have been placed at the bottom of Page 4 or 5 for Table 4-1. 

70. Table 5-1: Surface and subsurface soil samples are omitted (i.e., pages 1 & 2 of 4 are 
missing). 

A copy of the omitted pages was sent electronically to Bill Gates, Tom Brent, and Christine Freeman as a 
pdf attachment in a March 8, 2002 e-mail. 
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No comments were received on the missing pages. 

71. Fiaure 5-1: Note that well 05T02 is hidden behind the box showing the depositional 
environment. Recommend moving this box to the top-left of the Figure so that &I sample 
locations can be seen. 

The text box was moved as recommended so that all sample locations on Figure 5-1 are visible. 

72. p.5-5 VOCs: Change to read, "Concentrations of cis-1,P-dichloroethene -weux8 
pglkg to 2,800 pglkg," and "Concentrations of tetrachloroethene --3 pglkg to 7 
pglkg," since "ranged from" implies >2 hits. 

Section 5.4.1 Subsection Volatile Organic Compounds 1'' Paragraph 3' and 4th Sentences Response: 
TtNUS agrees. The 3' and 4Ih sentences in the lS paragraph of Section 5.4.1 Subsection Volatile 
Organic Compounds has been rewritten as follows: 

"Concentrations of cis-1,2-dichloroethene were 8 pg/kg to 2,800 pg/kg, with the maximum detection in 
sample 05SB060102. Concentrations of tetrachloroethene were 3 pg/kg to 7 pg/kg, with the maximum 
detection in sample 05s B060 102. " 

73. pp.5-5 - 5-6: Reword the sentence that begins Sample 05SB080002 was collected in the 
vicinity of the most downgradient ground water well location. Although this boring is the most 
downgradient with respect to ground water flow, the closest wells are not "the most 
downgradient." See also p.5-11 & 5-12 

The 2* sentence in the 2* paragraph of Section 5.4.1 Subsection Volatile Organic Compounds has been 
rewritten as follows: 

"Sample 05SB080002, the most downgradient soil boring with respect to ground water flow, yielded 
detectable concentrations of cis-1,2-dichloroethene (8 pg/kg), methylene chloride (4pg/kg), 
tetrachloroethene (3 pg/kg), and trichloroethene (120 pg/kg). " 

Additionally, the 2* sentence in the 3' paragraph of Subsection 5.4.2 Volatile Organic Compounds has 
been rewritten as follows: 

"Sample 05SB070608, was collected in a downgradient location with respect to ground water flow and 
yielded only a detectable concentration of trichloroethene at 9 pg/kg. " 

74. p.5-6 Ill: Reword: "As noted above, trichloroethene . . . and, in-2smpbl at . 
. . . 
Section 5.4.1 Subsection Volatile Organic Compounds 3* Paragraph 2"d Sentence now reads as follows. 

'As noted above, trichloroethene was detected frequently and, in 2 samples, at concentrations in excess 
of 1,000 pg/kg. " 

75. p.5-7 fl1 &Table 5-2: Interesting to note that 05SBOl had the highest hit for acenaphthene and 
had the 2"' highest hits for 10117 SVOCs. According to Figure 5-6, this sample was taken in the 
purported original burn area. 

Section 5.4.1 Subsection Semivolatile Or anic Compounds 3d Paragraph Response: TtNUS agrees. A B 2& sentence has been added to the 1 paragraph of Section 4.4.1 Subsection Semivolatile Organic 
Compounds as follows: 

"Sample 05SB010002 contained maximum detected concentration of acenaphthylene and the second 
highest concentrations of 10 of the 17 detected PAHs. " 
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Additionally, the next to the last sentence in the 15' paragraph of Section 4.4.1 Subsection Semivolatile 
Organic Compounds has been revised follows: 

"As shown in Figure 5-6, sample 05SB050002 was collected in the north-central portion of the site and 
sample 05SB010002 was collected in the vicinity of the former burn pit." 

76. p.5-10 55.4.2: Why are there no subsurface sample results for 05SB08? 

The DPT driller was not physically able to collect a subsurface sample from this location. Therefore, there 
were no subsurface sample results for 05S808 in Section 5.4.2 and Tables 5-4 and 5-5. The first bullet 
in section 5.2 (SITE INVESTIGATION) was revised to read as follows to address this comment: 

"Surface/subsurface soils (Borinas) (16): Three soil boring 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.. . " 

77. p.5-10 fVOCs: Typographic error: 3 sentences from the bottom, "Cis-l,2-dichlorgethene and 
vinyl chloride . . . ." 
This typographical error in Section 5.4.2 Subsection Volatile Organic Compounds 2"d Paragraph 10" 
Sentence has been corrected. 

78. p.5-11 VOCs: 
a. 11 : The 1 st sentence states that the maximum detected concentrations for all 12 VOCs 
were in 05~~030507.  However, the maximum concentration of cis-1,2-dichloroethene was in 
05SB010810, and the max. concentrations for trichloroethene and vinyl chloride were in 
05SB060608. 

The 15' sentence in the 2nd paragraph of Section 5.4.2 Subsection Volatile Organic Compounds has been 
rewritten as follows: 

"All 12 detected VOCs were present in sample 05SB030507, and the maximum detected concentrations 
of nine of these 12 detected VOCs were found in this same sample. " 

b. 11: 2nd sentence: "FiveEnurof the 12 detected VOCs . . . ." 
Section 5.4.2 Subsection Volatile Organic Compounds 2"d Paragraph Sentence has been modified as 
follows: 

"Four of the 12.. . " 

79. p.5-11 svocs: 
a. 11: Next to last sentence states that, ". . . 05SB070608 yielded the maximum 
detectable concentrations . . . ." Granted these were the most "detectable," but even at % the 
detection limit, 05SB030507 could have had significantly more maximum values. 

Section 5.4.2 Subsection Volatile Organic Compounds znd Paragraph Response: TtNUS notes the 
comment. However, sample 0558030507 was analyzed as a medium level sample due to matrix 
interference (as documented by the laboratory case narrative and the data validation letter); therefore, the 
detection limits are elevated for the extractable compounds. 

Additionally, please note that the laboratory did report results below this elevated detection limit. 
Normally, this situation is not discussed in the nature and extent of contamination where, typically, only 
positively detected compounds are addressed. This data anomaly is addressed in the risk assessment 
methodology in the calculation of exposure point concentrations, where, generally stated, if the calculated 
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95 percent upper confidence limit is greater than the maximum detected contaminant concentration then 
the exposure point concentration shall equal the maximum detected contaminant concentration. 3 
No changes have been made to the RFI document based upon this comment. 

b. 12: Typographic error: Switch the "84" and "89" in the last complete sentence. 

Section 5.4.2 Subsection Semivolatile Organic Compounds 2* Paragraph 2* Sentence has been 
modified to read as follows: 

"Fluorine and anthracene were detected in three of seven sample at maximum concentrations of 84 pg/kg 
and 89 pg/kg, respectively. " 

c. w: Last sentence, "The maximum detections of fluorine and anthracite were found in 
different samples." Why is this significant? 

TtNUS agrees that this is not significant. Therefore, the 3' sentence in the 2* paragraph of Section 5.4.2 
Subsection Semivolatile Organic Compounds has been deleted. 

80. p.5-12 Last Sentence of ll2: Typographic error: "Sample 0 5 S B 0 7 W ~ .  . . ." 
Section 5.4.2 Semivolatile Compounds 4th Paragraph Last Sentence has been revised to read as follows: 

"Sample 0507SB0608 was collected.. . " 

81. p.5-13 Herbicides: Concentration for 05SB060608 should be 3.3 not 3.4. 

Section 5.4.3 Herbicides l* Paragraph 2"4 Sentence has been modified to correct the pentachlorphenol 
concentration to 3.3 pglkg. 3 
82. p.5-17 
a. 11: "OCDF was detected in sample 05GW1301. . . ." 

Section 5.4.3 Subsection Metals 1' Paragraph 3d Sentence has been modified to read as follows: 

"OCDF Ws detected in sample 05G W1301 at a.. . " 

b. w :  ". . . from 1.72 pglL to 15.82 pglL," 

Section 5.4.3 Subsection DioxinIFurans 2nd Paragraph l*  Sentence Response: TtNUS agrees. This 
comment has been incorporated into the RFI text. 

c. 12: ". . . from this site, however, dioxin . . . ." 

Section 5.4.3 Subsection DioxinIFurans 2nd Paragraph 3' Sentence Response: TtNUS agrees. This 
comment has been incorporated into the RFI text. 

d. Metals 11 : ". . . sodium, -and zinc . . . ." 
Section 5.4.3 Subsection Metals lS' Paragraph 1'' Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

e. Metals 12: ". . . detected in sample 05GW0301 &at concentrations . . . ." 

Section 5.4.3 Subsection Metals 2nd Paragraph 1'' Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. @'4 

-d 
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f. Metals 14: ". . . in sample 05GW0701 and b ~ m a x i m u m  selenium . . . ." 
Section 5.4.3 Subsection Metals 4th Paragraph 3* Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

83. p.5-18 VOCs: Trans-1,2-dichloroethene was detected in 05SW0201 (89 pgll)." 

Section 5.4.4 Subsection VOCs 15' Paragraph 2"d Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

84. p.5-19 1M: ". . . that a seep containing GgOCs . . . ." 
Section 5.4.4 Subsection VOCs 3d Paragraph 3* Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

85. p.5-20 lllh . 
a. 8 Sentence: ". . . concentrations of 2.7 pgll and 2 . a  pg11, respectively." 

Section 5.4.4 Subsection Metals 15' Paragraph 8th Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

b. loth Sentence: Manganese was detected in samples ~ 0 5 S W O 2 0 1 , 0 5 S W 0 3 0 1 ,  
and 05SW0401 at concentrations of 41.4. . . ." Although 05SW0101 is the upgradient sample, 
it should be listed here. Also, does the text state anywhere that this is the background sample? 

Section 5.4.4 Subsection Metals 1'' Paragraph loth sentence has been modified to read as follows: 

"Manganese was detected in samples 05s W0101 (upgradient) 05s W0201, 05s W030 1, and 05s W0401 
at concentrations of 41.4 pg/L.. . " 

c. 1 lth Sentence: ". . . ranging from 0.34 pgll to 0.64 pgll." 

Section 5.4.4 Subsection Metals 1'' Paragraph llth Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

d. Last Sentence: "Iron concentrations ranged from 337284 pgll . . . ." 
Section 5.4.4 Subsection Metals 1'' Paragraph Last Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

86. p0.5-21 - 5-24 65.4.5: Need to attempt to explain why the background sediment sample 
(05SD010006) appears to be contaminated with Dioxins and SVOCs. 

The 4' sentence in the 15' paragraph of Section 5.4.5 Subsection Semivolatile Organic Compounds has 
been rewritten to explain the SVOC in background. The rewritten text, which is provided the 2nd 
paragraph of a new text insert reads as follows: 

"AS shown in Table 5-10, sample 05SD010006 (the SWMU 5 background location) contained 
concentrations of PAHs ranging from 14 pg/kg (2-methylnaphthalene) to 960 pg/kg (fluoranthene). The 
PAHs detected in this upgradient location are one order of magnitude larger than those detected in the 
four sediment samples collected from within or hydrologically downgradient of SWMU 5. The source of 
PAHs in the upgradient sample (05SD010006) is not known but may be resultant of roadway runoff as 
PAHs are a component of vehicular exhaust and asphalt. Additionally, PAHs may be transported via 
wind (in the form of ashes or dust). Theoretically, PAHs, in the form of ashes or dust, may be deposited 
from a source area that may be miles from the source of contamination. " 
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87. p.5-21 VOCs: Clarify in the text that SDOl is the Background sample. Thus, 4 samples + 1 BG. 3 
Be consistent - note that the text states that in VOCs, methylene chloride was detected in all five 
samples. Whereas, the text for DioxinslFurans states that, "congeners were detected in the four 
sediment samples that were analyzed." 

Section 5.4.5 Subsection Volatile Organic Compounds Response: TtNUS agrees. Therefore, the 2nd 
sentence in the 1' paragraph of Section 5.4.5 Subsection Volatile Organic Compounds has been revised 
to reflect that there were four rather than five SWMU 5 sediment samples. 

88. p.5-22 SVOCs: 
a. "Thirteen PAHs Sixteen SVOCs were detected in sediment samples." 

Section 5.4.5 Subsection Semivolatile Organic Compounds Response; TtNUS agrees that clarification to 
the RFI text is necessary. As shown in Table 5-1 1, there were thirteen PAHs detected in the SWMU 5 
sediment samples. However, As shown in Table 5-10, sixteen PAHs were detected in the SWMU 5 
upgradient sediment sample. For clarification, the 3' sentence in the 1' para ra h of Section 5.4.5 B Subsection Semivolatile Organic Compound has been rewritten. The rewritten 1 paragraph of Section 
5.4.5 Subsection Semivolatile Organic Compounds follows: 

' I s  displayed in Table 5-1 I ,  13 PAHs were detected in the four SWMU 5 sediment samples. No other 
semivolatile organic compounds were detected in these sediment samples. Maximum detected PAH 
concentrations of these 13 PAHs ranged from 16 pg/kg [dibenzo(a,h)anthracene and naphthalene] to 55 
pg/kg (fluoranthene). The maximum detected concentration of nine of the 13 detected PAHs were found 
in sample 05SD050006. Sample 05SD040006 contained the fewest PAH detections (i.e., only 
fluoranthene at 16 pg/kg). 

Additionally, for further clarification, the 2"d paragraph of Section 5.4.5 Subsection Semivolatile Organic 
Compounds has been rewritten as follows: e 
' I s  shown in Table 5-10, sample 05SD010006 (the SWMU 5 background location) contained 

d 
concentrations of PAHs ranging from 14 pg/kg (2-methylnaphthalene) to 960 pg/kg (fluoranthene). The 
PAHs detected in this upgradient location are one order of magnitude larger than those detected in the 
four sediment samples collected from within or hydrologically downgradient of SWMU 5. The source of 
PAHs in the upgradient sample (05SD010006) is not known but may be resultant of roadway runoff as 
PAHs are a component of vehicular exhaust and asphalt. Additionally, PAHs may be transported via 
wind (in the form of ashes or dust). Theoretically, PAHs, in the form of ashes or dust, may be deposited 
from a source area that may be miles from the source of contamination " 

b. 3d sentence: The maximum detected concentration of 15 SVOCs were in 05SD010006. 
See previous comment. 

Section 5.4.5 Subsection Semivolatile Organic Compounds 1' Paragraph 3d Sentence Response: 
TtNUS agrees that this item requires additional clarification. The clarification has been addressed in the 
rewrite of the 1' and 2& paragraphs of Section 5.4.5 as discussed in the TtNUS Response to Tom 
Brent's 3/15/02 e-mail Comment Number 88a above. 

c. Last Sentence: Any idea why this is so? 

Section 5.4.5 Subsection Semivolatile Organic Compounds Last Sentence Response: TtNUS agrees that 
clarification to the RFI text is necessary. Therefore, for clarification, the following text has been added as 
the last three sentences in the rewritten 2nd paragraph of Section 5.4.5 Subsection Semivolatile Organic 
Compounds: 

"The source of PAHs in the upgradient sample (05SD010006) is not known but may be resultant of 
roadway runoff as PAHs are a component of vehicular exhaust and asphalt. Additionally, PAHs may be 
transported via wind (in the form of ashes or dust). Theoretically, PAHs, in the form of ashes or dust, may - 
be deposited from a source area that may be miles from the source of contamination. " ".*.d 
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89. p.5-23 q1 
a. 1" Sentence: "(1,2,3,4,6,7,8-HpCDD in 05SD0520006). 

Section 5.4.5 DioxinslFurans 1st Paragraph 2"d Sentence Response: TtNUS agrees. This item has been 
corrected in the RFI text. 

b. Again, if we consider the background sample, then the maximum concentration of 
OCDD occurs in 05SDOJ0004j (not 05SD02002) at 7,110 nglkg and dioxinlfuran congeners are 
detected in all five of the sediment samples. 

Section 5.4.5 Subsection DioxinIFurans: TtNUS agrees that clarification to the RFI text is necessary. As 
shown in Table 5-1 1, 13 PAHs were detected in the SWMU 5 sediment samples. As shown in Table 5- 
10, 16 PAHs were detected in the SWMU 5 upgradient sediment sample. 

The 3* sentence in the lS' paragraph of Section 5.4.5 Subsection DioxinIFurans was revised as follows: 

"As displayed in Table 5-1 1, concentrations of OCDD ranged from 1,160 ng/kg to 6,110 ng/kg with the 
maximum occurring in sample 05SD020002. " 

For further clarification, a 3* paragraph that references Table 5-10 and that specifically discusses the 
background sample was incorporated into Section 5.4.5 Subsection DioxinIFurans as follows: 

"As displayed in Table 5- 10, the upgradient sediment location 05500 1006 contained positive results for 
several dioxin congeners. This may or may not be attributable to activities at SWMU 5. The dioxins are 
most probably present at this location due to deposition of ash from an airborne source (i.e., wind) that 
could theoretically be miles away from the sample location." 

c. 3d from Last Sentence: ". . . samples 05SD02006,05SD03006, and 05SD06!j006." 

Section 5.4.5 Subsection DioxinsIFurans 1'' Paragraph 6" Sentence Response: TtNUS agrees. This 
item has been corrected in the RFI text. 

d. Last Sentence: ". . .this sample is the w u t h m e r n  most. . . ." 
Section 5.4.5 Subsection DioxinsIFurans 1'' Paragraph Last Sentence Response: TtNUS agrees. This 
item has been corrected in the RFI text. 

90. p.5-23 ll2 1'' Sentence: ". . . ranged from 2.33 nglkg (05SD04006) to ~ ~ n g l k g  
(05SD020006)." 

Section 5.4.5 Subsection DioxinslFurans 2"d Paragraph 1'' Sentence Response: TtNUS agrees. This 
item has been corrected in the RFI text. 

91. p.5-23 Metals: "Eighteen metals . . . were detected in these downaradient samples" 
Otherwise, 19 samples were detected (beryllium). 

Section 5.4.5 Subsection Metals 1'' Paragraph 1'' Sentence Response: TtNUS agrees. This comment 
has been incorporated into the RFI text. 

92. p.5-24 55.4.6 Ill: "Hence it does not appear that VOCs are migrating from soil to ground 
water." Note that the last 1 under VOCs on p.5-16 implies migration. 

Section 5.4.6 1'' Paragraph Response: TtNUS agrees that clarification to the RFI text is necessary. For 
clarification, the last sentence in the 1'' paragraph of Section 5.4.6 has been rewritten as follows: 
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"The presence of VOCs in soil, ground water, surface water, and sediment suggests that VOCs are 9 migrating from soils to surface water and sediment in nearby drainage channels and, to a lesser extent, 
migrating from soils to ground water." 

93. p.5-25 ll3: "Not other Aroclors were detected in SWMU 5 soil, ground water, surface water, or 
sediment." Aroclor 1260 was also found in sediment sample 05SD050006. 

Section 5.4.6 5Ih Paragraph 3d Sentence Res onse: TtNUS agrees. This comment has been E incorporated into the 2"d and 3d sentences of the 5 paragraph in Section 5.4.6 as follows: 

"Aroclor 1260 was detected in sediment sample 05SD050006 at a concentration of 170~g/kg. 
Otherwise, no other Aroclors were detected in S WMU 5 soil, ground water, surface water, and sediment. " 

94. p.5-39 3'* Bullet: ". . . established for 2,3,4Z,8-TCDD TEQs . . . ." 
Section 6.5.3 Subsection Carcinogenic Risks 2"d Paragraph 3d Bullet Response: TtNUS agrees. This 
item has been corrected in the RFI text. 

95. Table 5-1: Report i s  missing pages 1 & 2 of 4. 

A copy of the omitted pages was sent electronically to Bill Gates, Tom Brent, and Christine Freeman as a 
pdf attachment in a March 8, 2002 e-mail. 

No comments were received on the missing pages. 

96. Table 5-2: Delete methoxychlor as i t  was not detected. 

Table 5-2 Response: TtNUS agrees. This comment has been incorporated into the RFI by removal of 
methoxychlor from Table 5-2. 3 
97. Table 54: 
a. How can Totals HXDF, PECDD, PECDF, & TCDF be non-detects in 0538070608. 
Obviously, this was a detection limit problem and should be addressed. 

Table 5-4 Response: TtNUS disagrees. The HXDF, PECDD, PECDF, and TCDF totals were reported by 
the laboratory as Estimated Maximum Positive Concentrations (EMPCs) and were qualified as nondetects 
during the data validation process. The following is excerpted from the data validation letter as an 
explanation: 'Results reported as EMPCs were qualified as nondetected, U. The qualification of EMPCs 
with a U qualifier is based on the definition and nature of an EMPC. An EMPC is an estimated 
concentration of PCDDIPCDF congener that does not meet all of the identification criteria (retention 
times, ion ratios, signal to noise ratios) required of a specific congener. EMPCs are also not included in 
the calculation of 2,3,7,8-TCDD toxicity equivalent factors." 

Therefore, based upon the excerpt from the validation letter, no changes have been made to the RFI 
document based upon this comment. 

b. On page 214, several of the SVOCs are non-detects. at 5900 uglkg in  sample 
05SB030507. Such high detection limits potentially skews the results. Address this in the 
associated text. 

Table 5-4 Page 2 of 4 Response: TtNUS notes this point. However, sample 05SB030507 was analyzed 
as a medium level sample due to matrix interference (as documented by the laboratory case narrative 
and the data validation letter) this is why the detection limits are elevated for the extractable compounds. 
Additionally, please note that the laboratory did report results below this elevated detection limit. 
Normally, this situation is not discussed in the nature and extent of contamination where, typically, only 
pos~tively detected compounds are addressed. This data anomaly is addressed in the risk assessment * 
methodology in the calculation of exposure point concentrations (the last bullet item of Section 3.3.2.3), .J 
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where, generally stated, if the calculated 95 percent upper confidence limit is greater than the maximum 
detected contaminant concentration then the exposure point concentration shall equal the maximum 
detected contaminant concentration. 

Therefore, no changes have been made to the RFI document based upon this comment. 

98. Table 5-6: Delete 1,2,3,6,7,8-HXCDF and Total-HXCDF as they were not detected. 

Table 5-6 Response: TtNUS agrees. This comment has been incorporated into the RFI by the deletion 
of 1,2,6,7,8-HXCDF and Total-HCXDF from Table 5-6. 

99. Table 5-8: Delete 1,2,3,6,7,8-HXCDF as it was not detected. 

Table 5-8 ,Response: TtNUS agrees. This comment has been incorporated into the RFI by the deletion 
of 1,2,6,7,8-HXCDF from Table 5-8. 

100. Table 5-1 0: Deleted trans-I ,2-dichloroethene as it was not detected. 

Table 5-10 Response: TtNUS agrees. This comment has been incorporated into the RFI by the deletion 
of 1,2-dichloroethane from Table 5-1 0. 

101. Table 5-14: For the SVOCs, several of the SVOCs in 05S8030507 had high non-detection 
values (5900 uglkg). If K of the detection limit is used, then a value of 2.9 mglkg should be 
plugged into this table for 13 of the SVOCs. 

Table 5-14 Response: TtNUS disagrees. Footnote 3 in Table 5-14 states that the maximum "detected" 
concentration is used for screening. Nondetected results are not used for screening purposes. As 
stated in the workplan, half of the detection limit is used in calculating the 95 percent Upper Confidence 
Limits (UCLs) for exposure point concentrations in the risk assessment. In the UCL calculations for 
SWMU 5, a 2.9 mglkg value skewed the lognormal distribution so that the UCLs exceeded the maximum 
concentrations for most polynuclear aromatic hydrocarbons (PAHs). Therefore, the maximum 
concentrations were used in the risk calculations. Additionally, U.S. EPA risk assessment guidance 
(RAGS-Part A) states that when high detection limits in a sample cause the calculated exposure 
concentration (i.e., the UCL) to exceeded the maximum, that sample should be excluded from the 
quantitative risk assessment. Basically, this same procedure was utilized in the risk assessment 
calculations for SWMUs 4, 5, 9, and 10. 

Therefore, no changes have been made to the RFI document based upon this comment. 

102. Table 5-23 Surface Soil: Comments column for DioxinlFurans states detection i n  15 of 15 
samples. This should be 8 of 8. 

Table 5-23 Response: TtNUS agrees. This comment now reads as follows: 

"Dioxins were detected in 8 of 8 soil samples. ": 

103. p.6-2 ll2 & Fiaure 6-1: Sampling locations are not shown on Figure 6-1. 

Figure 6-1 Response: TtNUS agrees. Sample locations have been added to Figure 6-1. 

104. p.6-6: Missing in the NSWC Crane copies. 

A copy of the omitted page was sent electronically to Bill Gates, Tom Brent, and Christine Freeman as a 
pdf attachment in a March 8, 2002 e-mail. 

No comments were received on the missing page. 
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105. p.6-8 46.4.2 lll: "As detailed in Table 6-1,22-ll-subsurface soil samples were collected a# 
I I o  evaluation the nature and extent of contamination. All Z&subsurface. . . ." ,b,"l*j 

Section 6.4.2 1' Paragraph 1' Sentence has been modified as follows: 

"As detailed in Table 6-1, 11 subsurface soil samples were collected to evaluate the nature and extent of 
contamination. " 

106. p.6-8 VOCs: Delete the 3d sentence as it is redundant from the 1'' sentence. 

The 3* sentence in the I*  paragraph of Section 6.4.2 Subsection Volatile Organic Compounds has been 
deleted. 

107. p.6-9 PesticideslPCBs Last Sentence of lI2: ". . . (-pglkg) . . . ." 
Section 6.4.2 Subsection PesticidesIPCBs 2nd Paragraph Last Sentence has been modified as follows" 

"However, the PCB concentration (460 pg/kg) . . . " 

108. p.6-10 66.4.3: "As detailed in Table 6-1,#2-aground water samples . . . ." 
Section 6.4.3 Subsection Ground Water 1' Paragraph 1' Sentence Response: TtNUS disagrees. As 
Table 6-1 indicates, there were 12 samples collected. However, for clarification, the last two sentences of 
Section 6.4.3 Subsection Ground Water have been deleted and the 1' sentence in the 1' paragraph that 
section have been rewritten as follows: 

"As detailed in Table 6-1, 12 ground water samples and one upgradient ground water sample 
(09GWPO601) were collected to evaluate the nature and extent of contamination. All ground water 
samples were analyzed for Appendix IX VOCs, Appendix IX SVOCs, Append*. IX pesticides, Appendix IX 3 PCBs, Appendix IX herbicides, total TAL metals (plus tin), and cyanide. None of the samples were 
analyzed for dissolved TA L metals. " 

109. p.6-11 Middle of T3: 
a. "Well 09-04, which is &-of wells 909WTP-1 . . . ." 
Section 6.4.3 Subsection Volatile Organic Compounds 3* Paragraph 3* Paragraph Response: TtNUS 
agrees. This comment has been incorporated into the RFI text. 

b. "Well 09TP02, which is northwest. . . ." 

Section 6.4.3 Subsection Volatile Organic Compounds 3* Paragraph 4th Sentence Response: TtNUS 
agrees. This comment has been incorporated into the RFI. 

11 0 p.6-12 Metals ll2: 
a. ". . . were detected in all 4ZZLground water samples . . . ." 
Section 6.4.3 Subsection Metals 2nd Paragraph Response: TtNUS disagrees. As Table 6-7 indicates, 
there were 12 samples collected. However, for clarification, a reference to Table 6-7 has been added to 
the 1' sentence in the 1' paragraph of Section 6.4.3 Subsection Metals as follows: 

"As displayed in Table 6-7, 16 metals were detected in these ground water samples." 

To further clarify this item, a reference to Table 6-7 has been added to the 1' sentence in the 2nd 
paragraph of Section 6.4.3 Subsection Metals as follows: 
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"AS displayed in Table 6-7, arsenic, barium, and manganese were detected in all 12 ground water 
samples at maximum concentrations of 4.3 pg/L, 323 pg/L, and 7920 pg/L, respectively; these all 
occurred in sample 09GW0201. " 

For additional clarification, a 3Pd paragraph has been added to Section 6.4.3 Subsection Metals as follows: 

"Barium, iron, manganese, selenium, and zinc were detected in the upgradient sample (09GWP0601). 
The concentration on these metals in sample 09GWTP0601 were less than those detected in 
downgradient samples. " 

b. "The maximum detected concentrations of zinc (166 pg11) and nickel (279 pgll) were 
found in sample -9GWTO201." Note that although Table 6-7 lists a value of 279 pgll, 1 
Table 6-6 shows 27.9 pgll. 

Section 6.4.3 Subsection Metals 2"d Paragraph Response: TtNUS disagrees. The maximum nickel 
concentration in Sample 09GWT0201 in both Tables 6-6 and 6-7 is 279 vg/L. 

No changes have been made to the RFI document based upon this comment. 

c. "Copper was detected in four of #=samples . . . ." 
Section 6.4.3 Subsection Metals 2nd Paragraph 6th Sentence Response: TtNUS disagrees. Please see 
the response to Tom Brent's February 15, 2002 e-mail for Comment Number 11 0a. 

d. "Iron was detected in W&X&lmsamples . . . ." 
Section 6.4.3 Subsection Metals 2nd Paragraph Response: TtNUS disagrees. Please see the response 
to Tom Brent's February 15, 2002 e-mail for Comment Number 11 0a. 

11 1. p.6-13 1" Sentence of V1: ". . . five of the #asample locations." 

Section 6.4.3 Subsection Metals 2nd Paragraph Response: TtNUS disagrees. Please see the response 
to Tom Brent's February 15, 2002 e-mail for Comment Number 110a. 
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COMMENT SUMMARY 
NSWC CRANE SWMUS 4,5,9,& 10 INTERNAL DRAFT RFI REPORT-EXECUTIVE SUMMARY 
BILL GATES' 5113102 E-MAIL TO RALPH BASINSKI (TtNUS) 

[GlIDelete "SWMU" and close parenthesis. 

TtNUS agrees. Therefore, SWMU has been deleted from the first paragraph of the executive summary 
and a parenthesis has been added as follows '...(Pesticide ControlIR-150 Tank Area)." 

TtNUS agrees. Therefore, this typographical error has been correct in the Executive Summary text. 

[G3]Furst 

TtNUS agrees. Therefore, this typographical error has been correct in the Executive Summary text. 

[G4] ... screening level "ecological" risk assessment ... 
TtNUS agrees. Therefore, the 'Phase Ill RFI Field Programn 2"d bullet has been rewritten as follows: 

". . screening level ecological risk assessment.. . " 

[G5]Are parenthesis needed? 

The technical editor allowed for this phase within the parenthesis. Therefore, no changes have been 
made to the Executive Summary based upon this comment. 

[GGIAre parenthesis needed? 

The technical editor allowed for this phase within the parenthesis. Therefore, no changes have been 
made to the Executive Summary based upon this comment. 

[G7]Are parenthesis needed? 

The technical editor allowed for this phase within the parenthesis. Therefore, no changes have been 
made to the Executive Summary based upon this comment. 

[GIIDelete second period. 

TtNUS agrees. Therefore, this typographical error has been correct in the Executive Summary text. 

[GSITable ES-1 SWMU 5 and 10 has overall carcinogenic risk for future resident (adult and child) 
greater than 1 .OE-04. 

TtNUS agrees. Therefore, the 2" bullet of the conclusions has been modified to read as follows: 

Incremental lifetime cancer risk estimates developed for all human receptors were estimated to 
be within, or less than, the range of 10-4 to 10-6 established by the U.S. Environmental 
Protection Agency (EPA) as acceptable for all pathways of exposure for SWMUs 4 and 9. 

Additionally, a 3rd bullet has been added to the conclusions as follows: 

Incremental lifetime cancer risk estimates developed for all human receptors were estimated to 
be within. or less than. the range of 10-4 to 10-6 established by the U.S. Environmental 3 
Protection Agency (EPA) as unacceptable for all pathways of exposure for SWMUs 5 and 10. 
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[GIOlAdd closed bracket "I". 

TtNUS agrees. Therefore, this typographical error has been correct in the Executive Summary text. 

[GI111 did not see the term "moderate" used in the ERA section of the RFI. Request the same 
terminology be used in the ES as in the ERA. This comment applies to Table ES-1 SWMU 5 overall 
risk (ecological). 

TtNUS agrees. Therefore, for the metals, the discussion in Section 5.7.1 for several metals noted that the 
risk was present. The term 'moderate was added to the last sentence in the subsection for these metals 
(antimony, barium, cadmium, copper, and tin) to provide an estimated of significance of the risk. 
Therefore, the RFI text reflects the same terminology as used in the Executive Summary as follows: 

For antimony: "Therefore, there may be some isolated moderate risks to plants and invertebrates from 
the antimony in the soil. " 

For barium: "Therefore, there may be some isolated moderate risks to plants and invertebrates from the 
barium in the soil. " 

For cadmium: "Therefore, there may be some isolated moderate risks to plants and invertebrates from 
the cadmium in the soil. " 

For copper: "Therefore, there may be some isolated moderate risks to plants and invertebrates from the 
copper in the soil. " 

For tin: "Therefore, there may be some isolated moderate risks to plants and invertebrates from the tin in 
the soil. " 

Additionally, the last sentence in the Subsection titled 'Summary of Risks to Terrestial Plants and 
Invertebrates" of Section 5.7.1 has been modified as follows: 

"Several of the metals also were elevated in other samples and may cause a moderate risk to soil 
invertebrates and/or plants in those samples." 

[G12]SWMUs 4,5,9,10 have ingestion of ground water as a critical pathway. SWMUs 4 and 9 
recommend collection of supplemental hydraulic conductivity data to support CMS. SWMUs 5 
and 10 do not include this recommendation. Please clarify. 

TtNUS has hydraulic conductivity data relevant to SWMUs 5 and 10 but not for SWMUs 4 and 9. 
Therefore, collection of supplemental hydraulic conductivity data to support CMS is needed for SWMUs 4 
and 9, only. 

[GIJlTable ES-1 SWMU 5 recommends toxicity testing to support the CMS. Request this 
recommendation be deleted. Additional ecological toxicity testing should be mandated by EPA. 

TtNUS agrees. Therefore, the toxicity testing recommendation has been removed from Table ES-1. 
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COMMENT SUMMARY 
NSWC CRANE SWMUS 4.5.9.8 10 INTERNAL DRAFT RFI REPORT - EXECUTIVE SUMMARY 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

pJB21As written, sounds like TtNUS 8 WES jointly installed borings. Recommend, "Borings 
shown on these figures consist of those installed by TtNUS and one historical boring installed by 
the U.S. Army Corps of Engineers (U.S. ACE)." 

TtNUS agrees. See the updated response to General Comment Number 9. 

rJB3ISee above comment. 

TtNUS agrees. See the updated response to General Comment Number 9. 

pJB41See above comment. 

TtNUS agrees. See the updated response to General Comment Number 9. 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

[T.I69]Table 6-6 lists results for 13 samples. Granted, one of these is a background, but it's a bit 
confusing as written. Suggest adding a clarification ala RTC 108, "Arsenic, barium, and 
maganese were detected in  all 12 ground water samples and one upgradient ground water sample 
(09GWTP0601)." 

TtNUS agrees. Therefore, the response to comment Number 110a of this document is updated to reflect 
this comment. 

vJB1011 repeat, Table 6-6 lists, as a concentration for nickel in  09GWT0201: 27.9pgIL (at least in  
my COPY). 

TtNUS and Tom Brent have resolved that his copy of the Internal Draft has a copying imperfection that 
looks like a decimal place but the value is 279 vg/L. Therefore, no change has been made to the RFI text 
based upon this comment. 

[TJBll]Please see Comment on RTC #110. 

TtNUS agrees. Therefore, the response to comment number 110b of this document is updated to reflect I*q 
this comment. -.-@ 
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[TJBlSIPlease see Comment on RTC # I  10. 

TtNUS agrees. Therefore, the response to comment number 110c of this document is updated to reflect 
this comment. 

[TJB13]Please see Comment on RTC #110. 

TtNUS agrees. Therefore, the response to comment number 110d of this document is updated to reflect 
this comment. 
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COMMENT SUMMARY 
NSWC CRANE SWMUS 4,5,9, & 10 INTERNAL DRAFT RFI REPORT - EXECUTIVE SUMMARY 
CHRISTINE FREEMAN'S 51/02 E-MAIL TO RALPH BASINSKI (TtNUS) 

ltem 1: close parenthesis. 

TtNUS agrees. Therefore, this typographical error has been correct in the RFI text. 

ltem 2: revise the first paragraph of the Description of SWMUs 4, 5, 9, and 10 for SWMU 10 
(Rockeye) as shown. 

TtNUS agrees. Therefore, the 1'' paragraph of the Description of SWMUs 4, 5 ,  9, and 10 for SWMU 10 
(Rockeye) has been revised as follow: 

"SWMU 10 - Rockeye: Rockeye, an active site, is a munitions production facility and not a storage, 
treatment, or disposal site. Prior to 1978 durii~g the construction of an activated carbon water treatment 
facility, when the treatment facility sumps became full of explosive-contamynated waste water, 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." 

[CDFlIMake this text match the revised text of section 1.4.4. 

TtNUS agrees. Therefore, a 2nd paragraph has been added to the Description of SWMUs 4, 5, 9, and for 
SWMU 10 (Rockeye) as follow: 

.The Rockeye Area has recently been renamed the Ordnance Renovation Complex to reflect its change 3 
in operations. Current operations include load, assemble, and pack (LAP) of cast-load explosive items, 
renovation and painting of projectiles, and disassembly/demilitarization of munitions. Building 3044 
continues to be used for treatment of explosive-contaminated waters. " 

ltem 3: Insert text on Interim measures source removal composting cleanup project addressed in 
the response to Internal Draft comments. 

TtNUS agrees. Therefore, the 3d paragraph of the Description of SWMUs 4, 5, 9, and for SWMU 10 
(Rockeye) has been revised as follow: 

"The soil at sample location 1OSB03 has been excavated to a depth of 10 feet and composted to reduce 
the concentrations of select explosives. The excavated area was then backfilled with bioremediated soil 
and screened rocks. The bioremediated soil was analyzed only for HMX, RDX, and TNT, which results in 
some uncertainty regarding other chemical concentrations in the backfilled soil. A conservative approach 
to risk assessment was taken and pre-excavation chemical concentrations were used for all but the select 
energetic compounds. Therefore, the Site 10 risks calculated for exposure to soil are likely to be 
overestimated. " 
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EXECUTIVE SUMMARY 

This report documents the Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) 

for Solid Waste Management Units (SWMU) 4 (McComish Gorge), 5 (Old Burn Pit), 9 (Pesticide 

ControlIR-150 Tank Area), and 10 (Rockeye), located at the Naval Surface Warfare Center (NSWC), 

Crane, Indiana. Tetra Tech NUS, Inc. (TtNUS) prepared this report for the Department of the Navy 

(Navy) Southern Division (SOUTHDIV) Naval Facilities Engineering Command (NAVFAC) under Contract 

Task Order (CTO) 010, Comprehensive Long-Term Environmental Action Navy (CLEAN) Ill, Contract 

Number N62467-94-D-0888. 

PURPOSE OF RFI REPORT 

The report summarizes RFI field activities conducted in 2001, describes the nature and extent of 

contamination, and presents baseline human health and ecological risk assessments. All RFI fieldwork 

and the development of the baseline human health and ecological risk were conducted in accordance 

with the Work Plan (WP) for Risk Assessment at SWMUs 4, 5, 9, and 10 (TtNUS, 2000a). 

DESCRIPTION OF SWMUS 4,5,9, AND 10 

SWMU 4 - McComish Gorqe: McComish Gorge was used as a dumpsite for an unknown period of time 

between 1942 and 1972. Unknown amounts of various types of trash, such as construction debris, office 

trash, plaster-filled warheads, and metal shavings, were buried in a gorge at the site. Reportedly, small 

arms ammunition may also have been buried at the site (U.S. ACE WES, September 1998a). Currently, 

the site is inactive (i.e., it is not used for waste disposal activities) and has been revegetated. McComish 

Gorge is located in the northwestern corner of NSWC Crane, approximately 500 feet south of Crane Gate 

No. 4. The site occupies approximately 5 acres. McComish Gorge is bounded on the north by Cutpepper 

Branch Creek and on the east by Highway 140. 

SWMU 5 - Old Burn Pit: The Old Burn Pit 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 contains miscellaneous metal debris, including decomposed drums and other 

metal objects, that is 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. The Old Burn Pit site is located in the northwestern corner of NSWC Crane, 
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approximately 2,000 feet east of the Crane Gate No. 4. The site occupies approximately 25 acres and is 

bounded on the west by Highway 5, 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 Oberlin. 

SWMU 9 - Pesticide ControlIR-150 Tank Area: The Pesticide ControlIR-150 Tank Area is an inactive site 

with three distinct areas: Building 55, Building 21 89, and the R-150 Tank area. Site operations centered 

around these three areas. Pesticide control activities occurred at Buildings 55 and 2189, that 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 21 89 and 700 feet northwest of Building 55. The Pesticide ControlIR-150 Tank Area 

is located in the central portion of the 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. 

The site is bounded on the east by Highway 45. 

SWMU 10 - Rockeve: Rockeye, an active site, is a munitions production facility and not a storage, 

treatment, or disposal site. Prior to 1978 during the construction of an activated carbon water treatment 

facility, when the treatment facility sumps became full of explosive-contaminated wastewater, 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. 

The Rockeye Area has recently been renamed the Ordnance Renovation Complex to reflect its change in 

operations. Current operations include load, assemble, and pack (LAP) of cast-load explosive items, 

renovation and painting of projectiles, and disassernblyldemilitarization of munitions. Building 3044 

continues to be used for treatment of explosive-contaminated waters. 

The soil at sample location 10SB03 has been excavated to a depth of 10 feet and composted to reduce 

the concentrations of select explosives. The excavated area was then backfilled with bioremediated soil 

and screened rocks. The bioremediated soil was analyzed only for HMX, RDX, and TNT, which results in 

some uncertainty regarding other chemical concentrations in the backfilled soil. A conservative approach 

to risk assessment was taken and pre-excavation chemical concentrations were used for all but the select 

energetic compounds. Therefore, the Site 10 risks calculated for exposure to soil are likely to be 

overestimated. - +.r, 
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PHASE Ill RFI FIELD PROGRAM 

The most recent (2001) investigation, which is the subject of this report, was a Phase Ill RFI. The 

objectives of this investigation were as follows: 

To estimate of the nature and extent of contamination. 

To develop information necessary to conduct baseline human health risk assessments and screening 

level ecological risk assessments. 

Following is a brief description of the field and analytical program for each of the four SWMUs. 

McComish Gorqe: The analytical program for McComish Gorge was developed based on the chemical 

categories represented by the list of detected chemicals of interest identified during various historical site 

investigations. Soil, sediment, surface water, and ground water samples were collected and analyzed for 

the full list of 40 Code of Federal Regulations (CFR) Part 264 Appendix IX constituents [volatile organic 

compounds (VOCs), semivolatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls 

(PCBs), and metals], as well as other miscellaneous inorganics. Surface water samples were also 

analyzed for total and dissolved metals, hardness, and total dissolved solids (TSS) and sediment samples 

were analyzed for total organic carbon (TOC) to assist in assessing the potential risks for ecological 

receptors. Additionally, soil characteristic parameters [cation exchange capacity (CEC), pH, and TOC] 

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). 

Old Burn Pit: The analytical program for the Old Burn Pit was developed based on the chemical 

categories represented by the list of detected chemicals of interest identified during various historical site 

investigations. Soil, sediment, surface water, and ground water samples were collected and analyzed for 

the full list of Appendix IX constituents (VOCs, SVOCs, pesticides, PCBs, and metals), as well as other 

miscellaneous inorganics. Surface water samples also were analyzed for total and dissolved metals, 

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 determine the likelihood of the potential fate and transport of contaminants at the site (and the 

potential for risks outside the site boundaries). 

Pesticide ControlIR-150 Tank Area: The analytical program for the Pesticide ControlIR-150 Tank Area 

was developed based on the chemical categories represented by the list of detected chemicals of interest 

identified for the site during historical investigations. Soil, sediment, surface water, and ground water 
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samples were collected and analyzed for the full list of Appendix IX constituents (VOCs, SVOCs, 

pesticides, PCBs, and metals), as well as other miscellaneous inorganics. Surface water samples also 

were analyzed for total and dissolved metals, hardness, and TSS, and sediment samples were analyzed 

for TOC to assist in assessing potential risks for ecological receptors. Additionally, soil characteristic 

parameters (CEC, pH, and TOC) 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). 

SWMU 10: The analytical program for Rockeye was developed based on the chemical categories 

represented by the list of detected chemicals of interest identified for the site during historical 

investigations. Soil, sediment, surface water, and ground water samples at Rockeye were collected and 

analyzed for the Appendix IX organic (selected samples) and inorganic constituents, explosives, 

miscellaneous metals, and nitratelnitrite. Surface water samples also were analyzed for total and 

dissolved metals, 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 determine the likelihood of the potential fate and transport of 

contaminants at the site (and the potential for risks outside the site boundaries). 

HUMAN HEALTH RISK ASSESSMENTS 

The human receptors that were evaluated were the maintenance worker, recreational user, trespasser, 

and future adult and child residents for SWMUs 4, 5, 9, and 10. Human exposure pathways that were 

evaluated were surface soil, subsurface soil, ground water, surface water, and sediment for SWMUs 4, 5, 

9, and 10. 

ECOLOGICAL RISKASSESMENTS 

A screening ecological risk assessment was conducted at SWMUs 4, 5, 9, and 10. The ecological 

receptors that were evaluated in the screening assessment included those directly exposed to chemicals in 

the surface water and surface soil (i.e., plants and soil invertebrates) and indirectly via the food chain (i.e., 

through the ingestion of plants and invertebrates) and aquatic invertebrates that could be exposed to 

chemicals in the surface water and sediment in streams. 

Several chemicals were eliminated as COPCs because they were not detected at concentrations greater 

than background concentrations. 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. Note that the use 
.u 

of background concentrations to select chemicals as COPCs was done in accordance with the approved 
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WP for SWMUs 4, 5, 9, and 10 (TtNUS, August 2000); however, based on current U.S. EPA and Navy 

guidance, background will not be used to select chemicals as COPCs for future ERAS at NSWC Crane. 

CONCLUSIONS 

Upon evaluation of the data obtained during this investigation, the operational history, and the 

development of the baseline human health risk assessment and screening-level ecological risk 

assessments for SWMUs 4, 5, 9, and 10, the following conclusions were reached: 

The soils, ground water, surface water, and sediment data collected during the RFI were adequate to 

support the development of baseline human health and screening-level ecological risk assessments 

for SWMUs 4,5,9,  and 10. 

SWMUs 4 and 9 lncremental lifetime cancer risk for all human receptor exposure pathways were 

estimated to be within, or less than, the range of to established by the U.S. Environmental 

Protection Agency (EPA) as acceptable; therefore, the risk is acceptable. 

SWMUs 5 and 10 lncremental lifetime cancer risk for all human receptor exposure pathways were 

estimated to exceed the range of 10" to lo4 established by the U.S. Environmental Protection 

Agency (EPA) as acceptable; therefore, the risk is unacceptable. 

Noncarcinogenic risk estimates [hazard indices (Hls)] calculated for all human receptors were less 

than unity for all exposure pathways other than ground water exposure pathway for SWMUs 4, 5, 9, 

and 10. 

Noncarcinogenic risk estimates for the ground water exposure pathway were greater than unity for 

SWMUs 4,5,9, and 10. 

Risks to terrestrial plants and invertebrates from organic and inorganic chemicals in the surface soil in 

SWMUs 4, 9, and 10 were acceptable. Risks to mammals and birds from organic and inorganic 

chemicals in the surface soil, sediment, and surface water were acceptable at SWMUs 4, 9, and 10. - 

Risks to terrestrial plants, invertebrates, mammals and birds from organic and inorganic chemicals in 

the surface soil in SWMU 5 were unacceptable. Risks to mammals and birds from organic and 

inorganic chemicals in the sediment and surface water at SWMU 5 were acceptable. 
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Risk to aquatic receptors from organic and inorganic chemicals in surface water and sediments were 

acceptable. 

Table ES-1 contains a summary of receptor-specific human risks and hazards, ecological risks, identifies 

critical pathways and chemicals of concern, for SWMUS 4, 5, 9, and 10 and, where necessary, 

recommendations for further actions. 
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Recommendations 
Critical Pathways & 

Chemicals of Concern 

N FA 

NFA 

NFA 

N FA 

Proceed to CMS 
Collect supplemental hydraulic 

conductivity data to support CMS 

Proceed,to CMS 
Collect supplemental hydraulic 

conductlvity data to support CMS 

N FA 

N FA 

NFA 

Receptor 
Population 

N A 

N A 

N A 

N A 

Ingestion of ground water 
(iron and manganese) 

Ingestion of ground water 
(arsenic, iron and 
manganese) 

N A 

N A 

N A 

Overall Hazard 
Index 

(Human) 

N A 

N A 

N A 

N A 

N A 

N A 

Acceptable 

Acceptable 

Acceptable 

Overall Risk 
(Ecological) 

Environmental 
Media 

SWMU 4 (McComish 
Future Construction 
Worker (Adult) 
Future Maintenance 
Worker (Adult) 
Future Recreational 
User (Adult) 

CurrenWFuture 
Trespassers 
JAdolescent) 
Future Resident 
(Adult) 

Future Resident 
(Child) 

Terrestr~al Plants 
and Invertebrates 
Mammals and Birds 

Aquatic Organisms 

Overall 
Carcinogenic 

Risk 
(Human) 

3.1 E-06 

1.8E-06 

6.4E-06 

1 BE-06 

7.7E-05 

9.3E-05 

N A 

N A 

N A 

Gorge) 
Surface Soil and 
Ground Water 
Surface Soil and 
Ground Water 
Surface Soil, Surface 
Water, and Sediment 

Surface Soil, Surface 
Water, and Sediment 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Surface Soil 

Surface Soil, 
Sediment, and 
Surface Water 
Surface Water and 
Sediment 

4.6E-01 

3.5E-04 

5.1 E-02 

1 .8E-02 

4.7E+00 

1.6E+01 

N A 

N A 

N A 
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Receptor 
Population 

SWMU 5 (Old Burn 
Future Construction 
Worker (Adult) 

Future Maintenance 
Worker (Adult) 
Future Recreational 
User (Adult) 

CurrentIFuture 
Trespassers 
(Adolescent) 
Future Resident 
(Adult) 

Future Resident 
(Child) 

Terrestrial Plants 
and Invertebrates 

Mammals and Birds 

Mammals and Birds 

Aquatic Organisms 

~nvironmental 
Media 

Pit) 
Soil and Ground 
Water 

Surface Soil 

Surface Soil, Surface 
Water, and Sediment 

Surface Soil, Surface 
Water, and Sediment 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Surface Soil 

Surface Soil 

Sediment, and 
Surface Water 
Surface Water and 
Sediment 

Overall 
Carcinogenic 

Risk 
(Human) 

7.1 E-06 

1.9E-06 

5.5E-05 

6.4E-06 

5.7E-04 

2.9E-04 

N A 

N A 

N A 

N A 

Recommendations 

CMS to evaluate hot spot removal 
Debris removal at toe of dump for 

aesthetic purposes 

N FA 

N FA 

N FA 

Proceed to CMS 

Collect supplemental hydraulic 
conductivity data to support CMS. 

a Proceed to CMS 

i Collect supplemental hydraulic 
co?ductivity data to support CMS. 

Proceed to CMS 

Proceed to.CMS 

NFA 

NFA 

Overall Hazard 
Index 

(Human) 

3.7E+00 , 

1.1 E-01 

3.6E-01 

2.3E-01 

5.6E+00 

2.7E+01 

NA . 

N A 

N A 

N A 

Overall Risk 
(Ecological) 

N A 

N A 

N A 

N A 

N A 

N A 

Unacceptable 

Unacceptable 

Acceptable 

Acceptable 

Critical Pathways & 
Chemicals of Concern 

Ingestion of soil (antimony) 

N A 

N A 

N A 

Ingestion of soil (antimony) 
and ingestion Of ground water 
(dioxinslfurans and 
manganese) 
Ingestion of soil and dermal 

with 
and iron) and ingestion Of 
ground water (dioxinslfurans 
and manganese) h 

Terrestrial plants and 
invertebrates contacting soils 
(antimony, barium, cadmium, 
chromium, copper, iron, lead, 

silver, tin, and zinc) 

Insectivorouslherbivorpus 
mammals and birds through 

the food chain (dioxins, 
cadmium, chromium, copper, 

lead, mercury, silver, and 
zinc) 
N A 

N A 
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Receptor 
Population 

SWMU 9 (Pesticide 
Future Construction 
Workers (Adult) 
Future Maintenance 
Workers (Adult) 
Future Occupation 
Workers (Adult) 
Future Recreational 
User (Adult) 

CurrentIFuture 
Trespassers 
(Adolescent) 
Future Resident 
(Adult) 

Future Resident 
(Child) 

Terrestrial Plants 
and Invertebrates 
Mammals and Birds 

Aquatic Organisms 

Environmental 
Media 

ControllR-150 Tank 
Soil and Ground 
Water 
Surface Soil 

Surface Soil 

Surface Soil, Surface 
Water, and Sediment 

Soil, Surface Water, 
and Sediment 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Surface Soil 

Surface Soil, 
Sediment, and 
Surface Water 
Surface Water and 
Sediment 

Overall 
Carcinogenic 

Risk 
(Human) 

Area) 
1 .OE-07 

6.6E-08 

6.9E-07 

4.OE-06 

3.9E-07 

9.5E-05 

9.OE-05 

N A 

N A 

N A 

Overall Hazard 
Index 

(Human) 

7.5E-01 

2.6E-04 

2.7E-03 

3.2E-02 

1.6E-02 

1.4E+01 

4.7E+01 

N A 

N A 

N A 

Overall Risk 
(Ecological) 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

Acceptable 

Acceptable 

Acceptable 

Critical Pathways & 
Chemicals of Concern 

N A 

N A 

N A 

N A 

N A 

Ingestion of ground water 
(iron and manganese) 

Ingestion of ground water (cis 
1,2-Dichloroethene, iron, 
manganese, and nickel) and 
dermal contact with ground 
water (manganese) 

N A 

N A 

N A 

Recommendations 

NFA 

N FA 

N FA 

N FA 

N FA 

Proceed to CMS 
Collect supplemental hydraulic 

conductivity data to support CMS 

Proceed to CMS 
Collect supplemental hydraulic 

conductivity data to support CMS 

N FA 

NFA 

N FA 
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NA = Not applicable. 
NFA = No further action 
CMS = Corrective Measures Study 

exahydro-l,3,5-trinitro-l,3,5-triazene 

Receptor 
Population 

Environmental 
Media 

Overall Hazard 
Index 

(Human) 

Overall 
Carcinogenic 

Risk 
(Human) 

1.6E+00 

8.4E-04 

1 .l E-02 

1.1 E-01 

4.8E-02 

4.2E+01 

1.5E+02 

N A 

N A 

N A 

6.OE-07 

6.3E-07 

6.6E-06 

1.2E-05 

1.5E-06 

1.7E-04 

1 BE-04 

N A 

N A 

N A 

SWMU 10 (Rockeye) 
Future Construction 
Worker (Adult) 
Future Maintenance 
Worker (Adult) 
Future Occupation 
Worker (Adult) 
Future Recreational 
User (Adult) 

CurrentIFuture 
Trespassers 
(Adolescent) 
Future Resident 
(Adult) 

Future Res~dent 
(Child) 

Terrestrial Plants 
and Invertebrates 
Mammals and Birds 

Aquatic Organisms 

Overall Risk 
(Ecological) 

Soil and Ground 
Water 
Surface Soil 

Surface Soil 

Surface Soil, Surface 
Water, and Sediment 

Surface Soil, Surface 
Water, and Sediment 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Soil, Surface Water, 
Sediment, and 
Ground Water 

Surface Soil 

Surface Soil, 
Sediment, and 
Surface Water 
Surface Water and 
Sediment 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

Acceptable 

Acceptable 

Acceptable 

Critical Pathways 81 
Chemicals of Concern Recommendations 

Dermal contact with ground 
water (manganese) 

N A 

N A 

N A 

N A 

Ingestion of ground water (2- 
amino-4,6-dinitrotoluene, 4- 
amino-2,6-dinitrotoluene, 
RDX, iron, manganese, and 
nickel) and dermal contact 
with ground water 
(manganese) 
Ingestion of ground water (2- 
amino-4,6-dinitrotoluene, 4- 
amino-2,6-trinitrotoluene, 2,6- 
dinitrotoluene, RDX, iron, 
manganese, and nickel) and 
dermal contact with ground 
water (manganese) 

N A 

N A 

N A 

NFA 

NFA 

NFA 

NFA 

NFA 

Proceed to CMS 

Proceed to CMS 

N FA 

N FA 

N FA 
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1.0 INTRODUCTION 

1.1 PURPOSE OF REPORT 

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report was prepared 

for the Naval Surface Warfare Center (NSWC) facility located in Crane, Indiana, through the U.S. Navy 

Southern Division Naval Facilities Engineering Command (NAVFAC) under Contract Task Order (CTO) 

0010, for the Comprehensive Long-Term Environmental Act Navy (CLEAN 3), Contract Number N62467- 

94-D-0888. The RFI report addresses four solid waste management units (SWMUs): SWMU 4 

(McComish Gorge), SWMU 5 (Old Burn Pit), SWMU 9 (Pesticide ControlIR-150 Tank Area), and SWMU 

10 (Rockeye). Various phases of investigation have been conducted at SWMUs 4, 5, 9, and 10. The 

purpose of this RFI report is to present the results of the investigations and the human health and 

ecological risk assessments. These risk assessments were conducted using the data resulting from the 

field investigations. 

1.2 NSWC CRANE BACKGROUND 

1.2.1 Facilitv Location and Description 

NSWC Crane is located in the southern portion of Indiana, immediately east of Crane Village and Burns 

City. The Facility is approximately 75 miles southwest of Indianapolis and 71 miles northwest of 

Louisville, Kentucky (Figure 1-1). NSWC Crane encompasses 62,463 acres (approximately 98 square 

miles); the majority of the Facility is located in the northern portion of Martin County. Smaller portions of 

the Facility are located in Greene, Daviess, and Lawrence Counties. NSWC Crane is located in a rural, 

sparsely populated area. Most of the Facility is forested, and the surrounding area is wooded or farmed 

land. NSWC Crane provides naval support for equipment, shipboard weapons systems, and ordnance. 

In addition, NSWC Crane supports the Crane Army Ammunition Activity (CAAA) with production and 

renovation of conventional ammunition and storage, shipment, demilitarization, and disposal of 

conventional ammunition. 

1.2.2 NSWC Crane Historv and Operations 

This section provides general information on the history of NSWC Crane and its activities. 
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1.2.2.1 History of Ownership and Operation 

In 1940, Congress authorized construction of a Naval Ammunition Depot (NAD) in southern Indiana, and 

in late 1941 the Naval Ammunition Depot Burns City was commissioned. In 1943, NAD Burns City was 

renamed NAD Crane, and the town of Crane was built to house the rapidly growing number of civil 

service employees. NAD Crane's overall mission was to load, prepare, renovate, receive, store, and 

issue ammunition to the fleet. 

During World War II, NAD Crane's mission expanded to include pyrotechnics production, mine filling, 

rocket assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment storage. 

During the 1950s, several new departments were created, the Ammunition Loading and Production 

Engineering Center (ALPEC) was transferred to Crane, and the Central Ammunition Supply Control 

Office (CASCO) was established. NAD Crane supplied ammunition to the fleet during the Korean and 

Vietnam Conflicts. During the Southeast Asia crisis, the number of full-time employees at NAD Crane 

grew to 6,800. 

In 1975, NAD Crane was designated Naval Weapons Support Center Crane (NWSCC). Its new mission 
e .- 

was to provide support for ships, aircraft, equipment, shipboard weapons systems, and assigned 

ordnance items and to perform additional functions as directed. 

In 1977, the Single Manager Concept was implemented. The CAAA was created, and the Army assumed 

ordnance production, storage, and related responsibilities as a tenant organization. Other functions 

remained Navy, and currently the Navy retains ownership of all real estate and facilities at NSWC Crane. 

Responsibility for overall station safety, security, and environmental protection remains with the 

Commanding Officer, NSWC Crane. In 1992, the Facility was designated as Naval Surface Warfare 

Center Crane (NSWC Crane). Presently, approximately 4,000 people are employed at NSWC Crane. 

1.2.2.2 History of Regulatory Actions 

Following promulgation of the U.S. EPA RCRA hazardous waste regulatory program, NSWC Crane filed 

notification and application to operate as a RCRA hazardous waste treatment, storage, or disposal (TSD) 

facility in October 1980. Interim status was granted subject to operating requirements and applicable 

technical standards found in Title 40 Code of Federal Regulations, Part 265 (40 CFR Part 265). 

Corrective action programs established as part of the 1984 RCRA Hazardous and Solid Waste 
'"a 

Amendments (HSWA) required NSWC Crane to address past releases of hazardous waste or hazardous 
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constituents at solid waste management units (SWMUs). Accordingly, NSWC Crane submitted a 

Hazardous Waste Management Report and a RCRA facility assessment (A.T. Kearney, Inc., 1987) was 

conducted to characterize the potential for releases of hazardous waste or constituents from 100 SWMUs 

identified during the assessment. 

On December 23, 1989, U.S. EPA issued the federal portion of the Final RCRA Part B permit for NSWC 

Crane to the U.S. Navy. U.S. EPA renewed the permit in 1995. The Indiana Department of 

Environmental Management (IDEM) now has responsibility for the Federal Corrective Action Program. 

IDEM recently (October 18, 2001) renewed the Corrective Action Permit. However, ongoing corrective 

actions will continue under the U.S. EPA IDEM Work Sharing Agreement for Corrective Action Activities 

at the Naval Surface Warfare Center - Crane Division and the Naval Surface Warfare Center Crane 

Division Partnering Agreement of July 2000 among the U.S. Navy, U.S. EPA, and IDEM. 

1.3 GENERAL CHARAC'rER1SrICS OF NSWC CRANE 

1.3.1 Phvsioqraphv and Topoqraphv 

NSWC Crane is located in the unglaciated area of the Crawford Uplands Physiographic Division. This 

Division is described as a rugged, highly vegetated, dissected plateau that is bounded by the Mitchell 

Plain Physiographic Province to the east and the Wabash Lowland Physiographic Province to the west 

(Perry and Smith, 1958). The Mitchell Plain is described as a low dissected limestone plateau 

characterized by sinkholes and karst topographic features. The boundary between the Crawford Upland 

and the Mitchell Plain is marked by the highly irregular, eastward-facing Chester Escarpment. Springs, 

caverns, caves, and other solution weathering features can be found along this escarpment and on the 

eastern edge of the Facility. 

The terrain is predominantly rolling, with moderately incised stream valleys throughout and occasional flat 

areas in the central and northern portions of NSWC Crane. Deciduous trees and shrubs cover most of the 

region. The elevations across the Facility range from about 500 feet above mean sea level (AMSL) to about 

850 feet AMSL. Lake Greenwood extends west to east across the northern part of the Facility. 

Topographic relief in the Crawford Upland ranges from 100 to 350 feet. Greater relief exists in the 

eastern part of NSWC Crane near the Chester Escarpment (US. ACE WES, 1995). A topographic and 

surficial geologic map of the entire facility was compiled by Kvale (1992) and Blunck (1995) after U.S. 

Geological Survey 7.5 minute quadrangle maps (Indian Springs, Scotland, Koleen, Owensburg, Odon, 

Williams, Loogootee, and Shoals). 
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1.3.2 Climate and Meteoroloqy 

NSWC Crane is located in a warm, temperate climatic zone. In general, the summers are warm and 

humid, and winters are mild with occasional short cold periods. The temperature ranges from an average 

maximum July temperature of 8g°F to an average minimum January temperature of 26OF. Precipitation is 

fairly evenly distributed throughout the calendar year; the maximum precipitation occurs during the spring 

and early summer. The average annual precipitation at the facility is 44 inches and consists of 42 inches 

of rain and 15 inches of snow. The average humidity ranges from 40 to 90 percent in summer and 60 to 

90 percent in winter. Long-term climatological records for the area indicate that the monthly prevailing wind 

direction is from the southwest from April through December and from the northwest during January through 

March [National Oceanic and Atmospheric Administration (NOAA), 19881. The annual prevailing wind 

direction for the region is from the southwest, and the annual average wind speed for the area is about 

9.6 miles per hour. 

1.3.3 Hydroloqy 

The surface drainage at NSWC Crane has formed a dense, dendritic pattern throughout the installation 
LI 

that flows generally to the south and southwest. Seven primary creeks in five drainage basins carry 
% ' 

surface water off the installation, where it eventually drains into the East Fork of the White River and then 

to the Wabash River to the southwest. The seven creeks that drain NSWC Crane include Furst Creek, 

Sulphur Creek, Little Sulphur Creek, Boggs Creek, Turkey Creek, Indiana Creek, and Seed Tick Creek. 

Figure 1-1 shows the surface drainage features and the individual drainage basins at NSWC Crane. 

Drainage Basin IV consists of Boggs and Turkey Creeks, which are the primary'drainageways for the 

installation and drain the majority of the NSWC Crane area. The northern and northwestern sections (Basin 

I) are drained by Furst Creek, the eastern portion (Basin Ill) is drained by the Sulphur Creek complex, the 

extreme eastem portion (Basin II) is drained by lndiana Creek (not shown on Figure 1-I), and the 

southwestern section (Basin V) is drained by Seed Tick Creek. 

Also located within the installation are several small ponds and Lake Greenwood, an 800-acre man- 

made, spring-fed lake in the northwestern portion of the installation. Lake Greenwood is the main source 

of water at NSWC Crane and is also used for recreation (NEESA, May 1983). None of the surface water 

from the four SWMUs which are the subject of this report drains into Greenwood Lake. SWMUs 4 and 5 

drain into Furst Creek which exits NSWC Crane at the western border of the Facility. SWMU 9 drains into 

Boggs Creek, and SWMU 10 drains primarily into Sulphur Creek and Turkey Creek. 
-lr 
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1.3.4 Geoloqy and Strati~raphy 

1.3.4.1 General Geology and Stratigraphy 

The geology at NSWC Crane is generally characterized by thin overburden deposits overlying bedrock. The 

overburden deposits generally range in depth from the surface down to 65 feet (U.S. ACE WES, September 

1998a) below ground surface (bgs). These deposits generally consist of two types: Quaternary age 

unconsolidated deposits and unconsolidated residual soil derived from the underlying bedrock. Bedrock 

underlying the Facility consists of sedimentary rock from the Lower Pennsylvanian age Raccoon Creek 

Group and the Upper Mississippian age Stephensport and West Baden Groups. The following subsections 

describe the unconsolidated deposits and bedrock at NSWC Crane in greater detail. 

Boggs, Sulphur, and Turkey Creeks all flow to the south, ultimately exiting NSWC Crane property. 

1.3.4.2 Unconsolidated Deposits 

1 
The Quatecnary age deposits consist of alluvial, colluvial, and glacial outwash deposits consisting of silt, 

sand, and gravel; lacustrine deposits consisting of clay, silt, and sand; and loess deposits consisting of 

clay and silt. 

Residual soils at NSWC Crane were derived from the underlying sedimentary rocks of the lower 

Pennsylvanian Raccoon Creek Group and the upper Mississippian Stephensport and West Baden 

Groups. These soils consist of clay, silt, sand, and fragmented andlor partially weathered bedrock. 

Using the U.S. Department of Agriculture (USDA)/Soil Conservation Service (SCS) soil classification 

system (McElrath, 1988), the soil at NSWC Crane has been classified into 23 different soil series. Fifteen 

of these soil series are present at the four SWMUs which are the subject of this report. Each of these soil 

series is defined by various soil characteristics (e-g., grain size, erosion, slope, drainage, parent material, 

or depositional source, etc.) specific to each series. Within these soil series, various sub-classes or soil 

map units have been defined. Table 1-1 shows the soil series and map units present throughout NSWC 

Crane and indicates which soil series are present at the four SWMUs of interest. 

Soil types at NSWC Crane were further evaluated during a basewide background soils investigation 

conducted by Tetra Tech NUS, Inc. (TtNUS) in 2001 (TtNUS, January 2001). The objectives of the 

investigation were to identify and characterize soils based on three factors, depositional environment, 

grain size, and depth. A total of 16 soil types were identified and evaluated in the report, based on 

combinations of these three factors. Four depositional environments were identified, based on the 
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mapped geologic units found in Figure 1-2. Three predominant grain sizes were identified, clay, silt, and 

sand, and two depths (surface and subsurface) were identified. Soil samples were collected to establish 

representative background metals concentrations for each soil type. The collected information was 

intended to assist the risk managers in differentiating risk associated with SWMU-related activities versus 

risk associated with background. Further information on the associated background soil types for each 

SWMU is included in each SWMU-specific discussion. 

Surface soil was collected from the 0' to 2' bgs depth interval. Background surface soil data were 

collected from 0' to 1' bgs depth interval as a compromise depth for all NSWC Crane projects for which a 

variety of surface soil depths may be used. There is uncertainty in this approach depending on the 

source of contamination and how it was disposed at the site (i.e., deposited on the surface as a result of 

burning activities, buried, etc.) because the two different depth intervals represent slightly different soil 

populations. However, the uncertainty is viewed to be small relative to all of the other uncertainties 

associated with environmental investigations. 

1.3.4.3 Bedrock 

Bedrock underlying NSWC Crane consists of sedimentary rock units that are Lower Pennsylvanian and 

Upper Mississippian. The Lower Pennsylvanian bedrock (Raccoon Creek Group) at the site primarily 

consists of interbedded sandstone, siltstone, shal,e, and coal with a total thickness varying from 0 to more 

than 300 feet (Fisher, 1996). The underlying Missisippian bedrock consists of limestone, shale, and 

sandstone (U.S. ACE WES, 1995; and Palmer, 1969). The topographic relief on the unconformity surface 

between the Pennsylvanian and Mississippian bedrock has been measured to be as much as 100 feet 

(Kvale, 1992). 

Pennsylvanian bedrock is absent in the deepest, present-day drainage channels (e.g., Sulphur Creek, 

Turkey Creek) primarily due to erosion. In these locations, the Mississippian age bedrock is exposed. A 

large number of SWMUs are located on ridges or other topographically high areas, primarily on top of 

Pennsylvanian bedrock. The surficial geology illustrating the mappable geologic units at NSWC Crane is 

provided as Figure 1-2. An outline of each SWMU is included in the figure, which illustrates type of materiil 

underlying each SWMU. 

The following paragraphs provide a brief description of the geologic formations as described by Palmer 

(1969), U.S. ACE WES (1995), and Kvale (1992). They are presented from youngest (first) to the oldest 

units. These geologic units are also illustrated on the stratigraphic column (Figure '1-3). ""s, 
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a. Mansfield Formation and Undifferentiated Lower Pennsvlvanian (Pennsylvanian Raccoon Creek 

Group). This unit consists of alternating beds of dark shale, sandstone, mudstone, siltstone, and 

discontinuous coal units. 

b. Glen Dean Limestone, Hardinsburq Formation. GolconddHanev Limestone, Indian Springs 

Member, undifferentiated (Mississippian Stephensport Group). This unit consists of limestone 

(Glen Dean Formation), soft shale and cross-bedded sandstone (Hardinsburg Formation), shaly 

limestone, and limey shales (GolconddHaney Formation), and dark gray shale (Indian Springs 

Formation). The thickness of the unit ranges from 60 to 70 feet. 

c. Biq Cliftv Sandstone member. Biq Cliftv Formation (Stephensport Group). The Big Clifty Sandstone 

is a tan to green-gray, massive to thick-bedded, rippled, fine- to very fine-grained, well-sorted, 

rounded, friable sandstone with occasional shaly partings. The thickness of this unit ranges from 

30 to 40 feet. 

d. Beech Creek Limestone Formation (Stephensport Group). The Beech Creek Limestone consists of 

fossiliferous, hard, and dense limestone. Joints in the limestone were sparse to numerous in core 

recovered from the 18 well borings that penetrated the unit. The Beech Creek Limestone displayed 

moderate to extensive solution-enlarged jointing at another site within NSWC Crane (US. ACE 

WES, 1988). The thickness of this unit ranges from 20 to 25 feet. 

e. Elwren Formation, Reelsville Limestone, Upper Sample Formation, undifferentiated (Mississippian 

West Baden Group). This unit consists of fine-grained interbedded sandstone and mudstone 

(Elwren Formation), a thin discontinuous limestone (Reelsville Limestone), and fine-grained 

sandstone (Upper Sample Formation). The thickness of this unit ranges from 65 to 75 feet. 

f. Lower Sample Formation. Beaver Bend Limestone, Bethel Formation, undifferentiated (West Baden 

Group). This unit consists of dark greenish-gray shale (Lower Sample), fossiliferous limestone 

(Beaver Bend Limestone), and a calcareous sandstone and shale (Bethel Formation). The 

thickness of this unit ranges from 50 to 60 feet. 

g. Paoli Limestone. Ste. Genevieve, undifferentiated (Mississippian Blue River Group). This unit 

consists of oolitic limestone and limestone (undifferentiated). The thickness of this unit is at least 

35 feet (based on exposure in Boone Hollow at the northeastern corner of the Facility). 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5.9, 10 

Revision: 2 
Date: December 2004 

Section: 1 rq, 
Page 8 of 32 

Structurally, NSWC Crane is located on the eastern edge of the Illinois Structural Basin, where the 

Pennsylvanian and Mississippian age bedrock dips to the west-southwest and southwest at approximately 

30 to 35 feet per mile (U.S. ACE WES, 1982, and Kvale, 1992). Locally, however, the dip of the 

Mississippian bedrock can range from 0 to 15 feet per mile to as much as 100 feet per mile (in Sulphur 

Creek) (Kvale, 1992). 

U.S. ACE WES (1988) discussed regional ground water trends pertaining to the unglaciated southwest 

portion of Indiana. In general, ground water is contained in joint openings of limestone and sandstone 

aquifers. Surficial unconsolidated aquifers are thin and have limited potential as water supplies. 

Aquifers beneath NSWC Crane are considered to be vertically isolated from each other by interlayered 

shale beds, which act as aquitards. Ground water recharge in the unconsolidated surficial materials 

occurs from infiltration from the ground surface. Ground water recharge in the underlying bedrock units 

can occur where aquifer units crop out or from vertical downward migration through joint openings from 

overlying units. After entering an aquifer out crop, ground water flows by gravity down the dip of the 
'-% 

aquifer unit. Given that the regional dip of rock units is to the southwest, regional ground water flow in all 

aquifers is expected to flow toward the southwest (U.S. ACE WES, August 1998). 

Local variations in bedding, dip, aquifer and aquitard, thickness, the presence or absence of fractures, 

incision by surface drainage, and karstic conditions cause local ground water movement at NSWC Crane 

to differ from regional trends. Where erosion resulting from surface drainage has cut through aquifer 

units, springs and seeps are produced, resulting in ground water discharge. Springs and seeps are 

prevalent at contacts between aquitards and overlying aquifers. Ground water flowing from springs and 

seeps into surface water can potentially re-enter the ground water system as recharge to a lower aquifer 

outcropping downstream below aquitards. 

In the eastern portion of NSWC Crane, U.S. ACE WES (1988) hypothesized that karstic conditions are 

present primarily in major drainage valleys where erosion has cut into permeable sandstones overlying 

easily dissolved limestone units. Rapid infiltration in the Big Clifty Sandstone units has caused dissolution 

and weathering of the underlyingBeech Creek Limestone. The result of this occurrencehas been the 

creation of karst and collapse conditions along major drainageways within the eastern part of NSWC 

Crane. 
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1.3.6 Demosraphv and Land Use 

NSWC Crane is situated in a rural area of south-central Indiana. The surrounding communities that form 

the region are in a period of transition from an economic base of agriculture, mining, and quarrying to an 

economy built on manufacturing and service industries. The patterns of settlement, population statistics, 

and median income are similar throughout the region. 

There is no state or local planning within the vicinity of NSWC Crane. The only zoning and land use 

regulations are found in the municipalities within the region. None of these municipalities are close enough 

to have an impact on NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and zoning is 

not anticipated in the near future. There are no known land use or community actions under consideration 

or proposed at this time. The current and future land use of the SWMUs evaluated in this report is briefly 

described in the following paragraphs. 

SWMU 4 - McComish Gorge 

Current and likely future land use at McComish Gorge is expected to be limited to industrial uses. The 

site is currently inactive, and no waste disposal activities occur at McComish Gorge under current land 

use. 

SWMU 5 - Old Burn Pit 

Current and likely future land use at the Old Burn Pit is expected to be limited to industrial uses. The site 

is currently inactive and no waste disposal activities occur at the site under current land use. 

SWMU 9 - Pesticide ControlIR-150 Tank Area 

SWMU 9 is currently an inactive site. Current and future land use at the Pesticide Control/R-150 Tank 

Area is expected to be limited to industrial uses. Pesticide management activities no longer occur at the 

site, and the R-150 Tank has been removed from the site. 

SWMU 10 - Rockeye 

Rockeye is an active site located on a flattened ridge crest that separates Sulphur Creek and Boggs 

Creek in the north-central portion of NSWC Crane. The site is located on Highway 45, approximately 

2 miles south of North Gate No. 1. Rockeye is a munitions production facility and not a storage, 
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treatment, or disposal site. Land use at SWMU 10 is not expected to change frbm its present industrial 

use as a munitions production facility. 

1.3.7 Bioloqy 

NSWC Crane is a heavily forested facility, and is situated within the Western Mesophytic Forest Region, 

Hill Section and Beech-Maple Forest Region (Braun, 1950). Lindsey et al. (1970) further subdivided the 

area of the installation into the south-central Oak and Mixed woods Division, comprising the Beech-Maple 

and the Beech-Oak-Maple-Hickory sub-elements. Deam (1940) classified the portion of Martin County in 

which the Facility is located as consisting of the Chestnut Oak Upland, based on the dominant floral 

components of that time. More recently, Kuchler (1964) mapped this portion of Indiana and classified it 

as belonging to two distinct vegetation classes, the Oak-Hickory and the Beech-Maple forest components 

of the Broadleaf Forest Classification. This latter classification most closely resembles the current floristic 

components observed at the Facility during the ecological studies conducted as part of this program. 

The site also contains old agricultural fields in various stages of biological succession. Openings on dry 

upland sites contain almost pure stands of grasses with some clumps of woody plants such as 
ply, 

persimmon, sassafras, and sumac. Wetter sites have river birch, willow, sycamore, and cottonwood. 

Hillside communities have included hickory, white and black oak, red maple, sugar maple, tulip poplar, 

ash, and beech (NEESA, May 1983). Cleared areas at the Facility have various stages of grassland, 

oldfield, and scrub/shrub vegetational forms present. 

The great variety of habitats present at the Facility (many stages of forest succession, streams, ponds, 

Lake Greenwood, and grassy open spaces) support a variety of wildlife species. The abundance of 

wildlife on the site is due in large measure to the mixture of land forms that occur over the installation. In 

addition, the lack of agricultural pressures has enhanced the wildlife abundance and served to provide an 

installation wide "wildlife enclosure" condition. There is an adequate amount of forage materials, 

concealment opportunities, and shelter locations to support a highly diverse wildlife community at the site. 

The white-tailed deer is the most conspicuous large wild mammal on the installation. Other mammals 

include opossum, raccoon, rabbits, mice, bats, chipmunks, squirrels, beaver, groundhogs, gray fox, 

coyotes, and long-tailed weasel. Fox, coyotes, and hawks are carnivores whose presence indicates a 

health ecosystem because smaller mammals are present to provide a food source (NEESA, May 1983). 

The birds at NSWC Crane are diverse. Previous studies at the Facility have identified over 100 species 
pr*, 

present at the site during breeding seasons (Hengeveld, 1987). Because the Facility is largely forested, 
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the species found at the site consist predominantly of those species that frequent wooded habitat types. 

There are also species of waterfowl that use the site especially in the vicinity of Lake Greenwood in the 

northern portion of the facility and a large number of bird species frequent the non-forested grassland, 

oldfield, and scrublshrub vegetation present over portions of the site. 

An Endangered Species Management Plan for NSWC Crane was prepared in October 2000 (Comarco 

Systems, Inc., 2000). As part of this plan, the federal and state endangered and threatened species and 

species of special concern for the facility were identified. This was accomplished by the compilation of a 

large amount of information on species present at NSWC Crane. Information included in the Endangered 

Species Management Plan (Comarco Systems, Inc., 2000) was obtained from studies and surveys 

conducted by the Navy and other agencies and groups (such as research institutions). A small subset of 

these studies include the Inventory of Neotropical Migratory Birds, Mist Net and Radiotelemetry Surveys 

for the lndiana bat, Bobcat Trapping, Rattlesnake Survey, Purdue University Wildlife Studies, and several 

fish surveys and bird counts. 'These studies and others that were used in compiling a list of endangered 

species present at NSWC Crane are described in more detail in the Endangered Species Management 

Plan (Comarco Systems, Inc., 2000). 

Numerous wildlife species are present throughout NSWC Crane. Of these species, some are listed as 

endangered and threatened species or species of special concern. NSWC Crane occupies Daviess, 

Greene, Lawrence, and Martin counties in Indiana, although only a very small portion of NSWC Crane is 

in Daviess, Greene, and Lawrence counties. The Fanshell pearly mussel, tubercled blossom, ring pink, 

and clubshell are listed as federally endangered species within Martin, Daviess and Lawrence counties. 

Additionally, the Northern riffleshell and rough pigtoe are listed as federally endangered species in Martin 

County. These invertebrate species are not likely to be present at SWMUs 4, 5, 9, and 10 because they 

prefer medium to large rivers with moderate currents and gravel substrates as habitat. The preferred 

habitat that these species prefer is absent at NSWC Crane. Additionally, none of these species was 

identified in Comarco Systems Inc., 2000 as observed at NSWC Crane. The lndiana bat is listed as 

federally endangered in Greene, Lawrence, and Martin counties but not in Daviess County. There are no 

records of any other species at NSWC that are federally listed as endangered or threatened. Some 

species that are listed as Federal species of concern in Comarco Systems, Inc. (2000) are also state 

endangered species (IDNR, 2002). These include the Northern Harrier (Daviess County), American 

bittern (Greene County), and sedge wren (Lawrence County). These species are not endangered in 

Martin County, and because the majority of NSWC Crane is in Martin County it is unlikely that operations 

at NSWC Crane are affecting these species. 
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Ten species listed as endangered by the lndiana Department of Natural Resources have been recorded 

at NSWC and include the lndiana bat, bobcat, timber rattlesnake, bald eagle, osprey, loggerhead shrike. 

yellow crowned night heron, Virginia rail, king rail, and Henslow's sparrow (Comarco Systems Inc., 2000). 

IVo state-listed threatened species have been recorded at NSWC Crane. 

The Rare Animals of lndiana list (Indiana DNR, 2002) was reviewed to verify that no change in status of 

these species had occurred since October 2000. This list is much larger than that presented in Comarco 

Systems, Inc. (2000) and is not reiterated here. It was verified that the species listed above did not 

experience a change in status. Also, the County Distribution of Indiana's Federally Threatened, 

Endangered, Proposed, and Candidate Species list (USFWS, 2002) was reviewed to verify that no 

change in status of these species had occurred since October 2000. 

Previous studies conducted at NSWC Crane (Nelson, et al., 1987) identified 21 amphibian species and 

22 reptile species (including skinks, lizards, snakes, and turtles). 

A total of 46 distinct fish species were collected from the installation during a 1987 inventory of the fish 

fauna at NSWC Crane. Other than Lake Greenwood, the 1987 study observed that the greatest number e 

of individual fish species were recorded from the largest stream (Boggs Creek) while the smallest number 

of species were recorded from Turkey Creek. Boggs Creek contained 29 species including eight species 

of fish characteristic of large river type systems. This included long-nose gar, paddlefish, bowfin, gizzard 

shad, ribbon shiner, bigmouth buffalo, channel catfish and flathead catfish. By contrast the Turkey Creek 

survey yielded 16 species of fish, none of which were unusual. The Sulphur Creek drainage was 

surveyed and yielded a total of 19 species. Four species from this drainage were not found anywhere 

else on the installation including southern redbelly dace, blacknose dace, black bullhead, and blackside 

darter. 

1.4 DESCRIPTION OF THE NSWC CRANE STUDY AREAS 

SWMU 4 

McComish Gorge (SWMU 4) was used as a dumpsite for an unknown period of time between 1942 and 

1972. Unknown amounts and types of garbage and trash, such as construction debris, office trash, 

plaster-filled warheads, and metal shavings, were buried in a gorge at the site. Reportedly, small arms 

ammunition may also have been buried at the site (U.S. ACE WES, September 1998b). McComish 

Gorge covers approximately 5 acres and is located in the northwestern corner of NSWC Crane 
.% 

approximately 500 feet south of Crane Gate No. 4. McComish Gorge is bounded on the north by 
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Culpepper Branch and on the east by Highway 140. Additional site information can be obtained by using 
- the SWMU 4 site map (Figure 1-4) with the location and direction of site photographs (Figure 1-5) in 

combination with the site photographs taken March 11, 2002 (Figure 1-6). Estimated boundaries of the 

SWMU and disposal area are provided in Figure 1-5. The presented boundaries are based on results of 

the geophysical investigations, which were conducted in August 1999 and December 2000 as described 

in the geophysical survey reports contained in Appendix I of the approved work plan (TtNUS, August 

2000a). 

1.4.2 SWMU 5 

SWMU 5 (Old Burn Pit) is an inactive site that was used from 1942 to 1972. The old burn pit site is 

located in the northwestern corner of the NSWC Crane. 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. Additional site information can be 

gleaned from the 1998 aerial photograph shown in Figure 1-7, and by utilizing the SWMU 5 site map with 

the location and direction of site photographs (Figure 1-8) in combination with the site photographs taken 

March 11,2002 (Figure 1-9). Approximate boundaries of the site are provided on Figure 1-8. 

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. 

1.4.3 SWMU 9 

SWMU 9 (Pesticide ControVR-150 Tank Area) is an  inactive site composed of three distinct areas: 

Building 55, Building 21 89, and the R-150 Tank area. The Pesticide ControlIR-150 Tank Area is located 

in the central portion of the 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. The site is bounded on the east by Highway 45. 

Additional site information can be gleaned from the 1998 aerial photograph shown in Figure 1-10, and by 

utilizing the SWMU 9 site map with the location and direction of site photographs (Figure 1-1 1)' in 

combination with the site photographs taken March 11, 2002 (Figure 1-12). 
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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 21 89 and 

700 feet northwest of Building 55. 

Pesticide control activities, which were conducted at the site from 1950 to 1993, consisted of the storage 

and management of various types and quantities of pesticides and herbicides. The original pesticide 

control building was Building 55. Around 1970, pesticide control operations were moved from Building 55 

to Building 21 89. Pesticide spray tanks and containers were reportedly rinsed in the vicinity of Building 

2189, on the western side of the building. It is not known whether rinsing activities occurred outside 

Building 55. 

Pesticides and herbicides stored at the Building 55 included, but were not limited to, 2,4-D, 2,4,5-T, silvex 

(a mixture of 2,4-D and 2,4-T), fenac, monuron, ureabor, carbaryl, chlordane, DDT, diazinon, dieldrin, 

lindane, malathion, and pyrethrum. In addition to the chemicals stored and used at Building 55, the brr, 

pesticide krovar (a mixture of duron and bromac) was added to the chemical inventory when pesticide 

control operations were moved from Building 55 to Building 21 89. 

pesticides control operations ceased at the site around 1993. Buildings 55 and 2189 have since been 

demolished. The concrete pad for Building 55 is not apparent at the former building location; however, 

the concrete pad for Building 21 89 is still present. 

The R-150 Tank, which was located in a gravel parking lot adjacent to Highway 349, was installed at the 

site in the early 1970s and was used for the storage of spent waste solvents. The tank was 11 feet wide 

by 35 feet long. The base of the tank was reportedly 15 feet deep. The tank was excavated and 

removed on September 27 and 28, 1983. During the tank removal, soil surrounding the tank excavation 

was removed and stockpiled at the site. The excavated soil was disposed in an off-site secure landfill in 

December 1983. 

SWMU 10 1.4.4 

SWMU 10 (Rockeye), an active site, is an operational ammunition facility and not a storage, treatment, or 

disposal site. Rockeye is a 10-acre site located on a flattened ridge crest that separates the Sulphur "a, 

Creek and Turkey Creek drainage basins in the north-central portion of the Base. The site is located on 
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Highway 45, approximately 2 miles south of North Gate No. 1. The site map for SWMU 10 is presented 

as Figure 1-13 and the 1998 aerial photographs of the site and vicinity is shown in Figure 1-14. 

Operations at the site began in the mid-1950s as a press-loading operation for 3-inch projectiles using 

Composition A-3 explosive (RDX and wax). In 1967 and 1968, the munitions facility was converted to a 

case-filling operation for the production of the MK20 series antitank Rockeye cluster bomb. The Rockeye 

bomb is a 500-pound unit that contains 247 steel-cased bomblets, each holding a 0.4-pound blend of 

Octol Type II and Composition B high explosives. Octol Type II contains 70 percent HMX (octahydro- 

1,3,5,7-tetranitro-l,2,5,7-tetrazocine, which is cyclotetramethylene tetranitramine) and 30 percent TNT 

(2,4,6-trinitrotoluene). Composition B is 60 percent RDX (hexahydro-l,3,5-trinitro-l,3,5-triazine, which is 

cyclo-trimethyl-trinitramine or "cycloniten), 39 percent TNT, and 1 percent wax. The wax is used as a 

desensitizer. 

As part of loading operations, the production facility generated a large volume of explosive-contaminated 

wastewater, which was collected in sumps surrounding the buildings at the site. The sumps were 

periodically pumped and the residue was trucked to the Ammunition Burning Ground for treatment. Prior 

to 1978, when the sumps became full of explosive-contaminated wastewater, 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. 

In the spring of 1978, an activated carbon water treatment facility (Building 3044) was constructed to 

purify the wastewater for recycled usage. In addition to a water treatment system, a scrubber system to 

remove contaminated particulates was designed and installed. In the tray wash area of the production 

facility, explosive-contaminated trays are steam cleaned. Before the scrubber was installed, emissions 

were discharged directly to the atmosphere outside the production buildings. With the installation of the 

pollution abatement equipment, the release of explosive-contaminated waters has been eliminated. 

The Rockeye Area has recently been renamed the Ordnance Renovation Complex to reflect its charge in 

operations. Current operations include load, assemble, and pack (LAP) of cast-load explosive items, 

renovation and painting of projectiles, and disassembly/demilitarization of munitions. Building 3044 

continues to be used for treatment of explosive-contaminated waters. 
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1.5 PREVIOUS INVESTIGA'I'IONS 

1.5.1 McComish Gorse (SWMU 4) 

A brief description of the historical data collections activities conducted at SWMU 4, McComish Gorge, is 

contained in this section. Detailed information can be found in Section 5.3 of the risk assessment work 

plan (TtNUS, August 2000a). 

Various investigations were completed from 1981 to 1987 at McComish Gorge as part of several multi- 

site investigations. The first of which was the Initial Assessment Study (IAS) conducted by the National 

Energy and Environmental Support Agency (NEESA) (NEESA, May 1983). The IAS was initiated in April 

1981 in response to the Navy Assessment and Control Installation Pollutants (NACIP) Program. NEESA 

completed the IAS in May 1983 with assistance from the Ordnance Environmental Support Agency 

(OESA) and the U.S. Army Corp of Engineers Waterways Experiment Station (ACE WES). The intent of 

the IAS was to identify and assess sites posing a potential threat to human health and the environment 

from past hazardous materials operations. 

The IAS consisted of the installation of six monitoring wells (04-01 through 04-06) along the perimeter of 

the site. During the installation of these wells, soil samples were collected and characterized. After the 

monitoring wells were installed, ground water samples were collected and analyzed for a comprehensive 

list of chemical constituents and Resource Conservation and Recovery Act (RCRA) water-quality 

parameters. As part of the IAS, both quarterly and semi-annual sampling of the monitoring wells was 

initiated at McComish Gorge. 

Based on the initial conclusions of the IAS, it was determined that disposal activities at McComish Gorge 

did not present an immediate human health or environmental threat. However, the site was 

recommended for further study to evaluate potential long-term impacts. 

In response to the recommendation presented in the IAS, a RFI Phase II Soils Release Characterization 

was performed at McComish Gorge in 1990 (U.S. ACE WES, 1998). The objective of the study was to 

determine soil conditions at the site, to identify and characterize the hazardous waste disposed at the site 

(including an identification of site boundaries), and to find the potential for release of hazardous 

constituents to the surrounding environment. Eleven soil borings were installed. Both surface and 

subsurface samples were collected from these borings and analyzed for a comprehensive list of chemical 

parameters. The boundaries of the site were not identified, as originally planned, because waste was 
w 

encountered at locations initially perceived to be outside the limits of disposal activities. 
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In 1991 a draft Work Plan for a RFI Phase Ill Ground Water Release Characterization was prepared by 

the U.S. ACE WES (June 1991). The objective of the sampling effort was to determine the extent of 

hazardous constituents present in the ground water, as well as the rate of migration. The proposed 

ground water study included the collection of samples from the existing six monitoring wells located at the 

site, plus the installation of additional wells. The completion of a geophysical survey was also 

recommended to identify the boundaries of the site. 

Because of funding constraints, only a portion of the work proposed in the plan was conducted in 1992. 

Only one (04C01) of the additional proposed monitoring wells was installed and not all ground water 

samples collected were analyzed for all proposed chemical constituents or for the same list of 

constituents per sample. The geophysical survey was also not performed. A Release Characterization 

Report was not generated for the sampling effort because of funding issues. 

1.5.2 , Old Burn Pit 

A brief description of the historical data collection activities conducted at SWMU 5, Old Burn Pit, is 

contained in this section. Detailed information can be found in Section 6.3 of the approved risk 

assessment work plan (TtNUS, August 2000a). 

Various investigations were completed from 1981 to 1987 at the Old Bum Pit as part of several multi-site 

investigations. The first was the IAS (NEESA, May 1983). 

The IAS at SWMU 5 consisted of the installation of a total of 19 monitoring wells throughout the site. The 

first round of wells that were installed consisted of one upgradient and two downgradient of the site. 

Upon identification of constituents in the ground water, additional wells were installed along the 

anticipated perimeter of the site. During the installation of these wells, soil samples were collected and 

tested for various soil characteristics. After installation of the wells, ground water samples were collected 

and analyzed for a comprehensive list of constituents and RCRA water-quality parameters. As part of the 

IAS, quarterly and semi-annual sampling of the monitoring wells were conducted at the Old Burn Pit. 

Based on the initial conclusions of this ground water study, SWMU 5 was not determined to represent an 

immediate human health and environmental threat. However, the site was recommended for further 

study to evaluate potential long-term impacts. 
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In response to the recommendation from the IAS, a RFI Phase II Soils Release Characterization was 

performed at the Old Burn Pit in 1990 (U.S. ACE WES, September 1998a). The objective of this study 

was to determine soil conditions around the site, identify and characterize the material burned in the pit 

and the residual material buried in the gully north of the burn pit, and characterize the potential for release 

of hazardous constituents into the surrounding environment. Nine soil borings were installed. Both 

surface and subsurface samples were collected from these borings and analyzed for a comprehensive list 

of constituents. 

In 1991, a draft work plan for a RFI Phase Ill Ground Water Release Characterization was prepared by 

U.S. ACE WES (June 1991). The objective of this sampling effort was to determine the rate and extent of 

constituent migration in the ground water. This study included the collection of samples from the existing 

19 monitoring wells and the installation of additional wells. 

Because of funding constraints, only a portion of the work proposed in the work plan was conducted in 

1992. Only one of the proposed monitoring wells (05C01) was installed and not all ground water samples 

collected were analyzed for all proposed chemical constituents or for the same list of constituents per 

sample. A Release Characterization Report was not generated for the sampling effort because of funding - 
issues. 

Various drums have been found at the site in the gully north of the burn pit. In response to this finding, an 

interim measures sampling program was conducted in 1990 (Engineering-Science, Inc., June 1991). The 

field investigation consisted of the collection of eight soil samples from the surficial soil surrounding the 

drums and two samples from the material within the drums. The samples were analyzed to determine 

whether the soil and material in the drums would be considered RCRA hazardous wastes. Toxicity 

Characteristic Leaching Procedure (TCLP) results for these samples were less than regulatory limits, 

indicating that the material in the drums was not classified as a RCRA hazardous waste. 

1.5.3 Pesticide Control~R-150 Tank Area 

A brief description of the historical data collections activities conducted at SWMU 9, Pesticide Controll 

R-150 Tank Area, is contained in this section. Detailed information can be found in Section 7.3 of the 
' 

approved risk assessment work plan (TtNUS, August 2000a). 

Various investigations were completed at the site from 1981 to 1987 as part of several multi-site 

investigations. The first of which was the IAS (NEESA, May 1983). -% 
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The IAS at SWMU 9 consisted of the installation of a total of 14 monitoring wells throughout the site. The 

first round of installation in 1981 consisted of nine wells. Five monitoring wells were installed at various 

locations (upgradient, downgradient, and cross-gradient) to address the R-150 Tank. Four monitoring 

wells were installed at locations (west) downgradient of Building 21 89 to address pesticide operations at 

the building. During the installation of these wells, soil samples were collected and tested for various soil 

characteristics. Ground water samples collected from the wells were analyzed for a comprehensive list of 

chemical constituents and RCRA water-quality parameters. 

In July 1983, four core borings (WT-1 through WT-4) were dr~lled on each side of the R-150 Tank. Water 

and soil samples were collected from the boreholes. The analytical results for these samples indicated 

that the tank had leaked and that hazardous constituents (VOCs) had been released to the surrounding 

environment. The tank was subsequently excavated and removed from the site in September 1983. 

To better delineate the ground water plume at the R-150 Tank area, five monitoring wells were installed 

around and downgradient of the tank in 1983. Upon well installation, samples were collected and 

analyzed for a comprehensive list of constituents. The wells were then added to the quarte;ly and semi- 

annual sampling programs initiated at the Pesticide Control1 R-150 Tank Area as part of the IAS. 

Based on the initial conclusions of the IAS, it was determined that SWMU 9 did not present an immediate 

human health and environmental threat. However, the site was recommended for further study to 

evaluate potential long-term impacts. 

In 1986, seven monitoring wells were installed around the R-150 Tank as part of the Ground Water 

Assessment Plan (May and Murphy, April 1989) for tank closure. Four wells were located in a circle 

around the tank and one well was placed directly in the location where the tank was situated prior to 

excavation. Two wells were placed at locations upgradient of the tank. Ground water samples were 

collected and analyzed for various constituents. 

In response to the recommendation presented in the IAS, a RFI Phase II Soil Release Characterization 

was performed at the Pesticide ControlIR-150 Tank Area in 1992 (U.S. ACE WES, September 1998a). 

The objective of the study was to determine soil conditions akthe site and to identify and characterize 

hazardous constituents released to the surrounding environment. Fifteen soil borings were installed at 

the site. Both surface and subsurface samples were collected at each boring and analyzed for a 

comprehensive analytical program. 
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In 1992, a draft Work Plan for a RFI Ground Water Release Characterization was prepared by U.S. ACE 

WES (1 995). The objective of the sampling effort was to determine the extent of hazardous constituents 

present in the ground water, as well as the rate of migration. The proposed ground water study included 

the collection of samples from the existing 20 monitoring wells at the site, plus the installation of additional 

wells. 

Because of funding constraints, only a portion of the work proposed in the plan was conducted in 1992. 

Additional proposed monitoring wells were not installed and not all ground water samples collected were 

analyzed for all proposed chemical constituents or for the same list of constituents. A ground water 

Release Characterization Report was not generated for the sampling effort because of funding issues. 

1.5.4 Rockeve 

This section includes a brief description of the historical data collection activities conducted at SWMU 10, 

Rockeye. Detailed information can be found in Section 8.3 of the approved risk assessment work plan 

(TtNUS, August 2000a). 

814 

Various investigations were completed at the site from 1981 to 1987 as part of several multi-site 

investigations. The first of which was the IAS. 

The IAS at SWMU 10 consisted of the installation of a total of 26 monitoring wells throughout the site. 

Initially, two wells were installed. Both wells were at the base of the ridge approximately 360 feet east of 

Rockeye, near Highway 165. During the installation of these wells, soil samples were collected and 

tested for various soil characteristics. In September 1983, 24 additional monitoring wells were installed 

around the perimeter of the site. These wells were typically shallow, ranging in depth from 50 feet bgs or 

less. Both quarterly and semi-annual sampling events were conducted on all 26 wells. These analyses 

were mainly for water quality parameters and explosives. Based on the initial conclusions of this ground 

water study, Rockeye was not determined to represent an immediate human health and environmental 

threat. However, the site was recommended for further study to evaluate potential long-term impacts. 

In response to the recommendation from the IAS, a RFI Phase II Soil Characterization study was 

performed in 1990. The objective of this study was to determine soil conditions around the site and to 

identify and characterize the constituents that may have been released to the soil (U.S. ACE WES, 1998). 

The investigation included the collection and analysis of surface and subsurface samples, predominantly 

in areas where wastewater from the munitions production lines was released and would likely have made - w 

contact with the soil (e.g., sumps, open ditches, etc.). Thirteen soil borings were advanced at Rockeye, 
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and 24 soil samples were collected from these borings. Surface soil samples were also collected on a 

sampling grid. 

Subsurface samples collected for the RFI Phase II Soil Characterization study were analyzed for a 

comprehensive analytical program. All surface soil samples were analyzed for explosives; some of the 

surface soil samples were also analyzed for a comprehensive list of constituents. 

A RFI Phase Ill Ground Water Characterization study (U.S. ACE WES, August 1998) commenced at the 

SWMU 10 in March 1991. This study included the installation of two soil borings and 83 monitoring wells. 

The two borings extended beneath the site into the Mississippian-age rocks to determine the structure 

trends across the site by correlating identifiable and consistent geologic units. The wells were installed 

and placed in locations that provide aerial coverage to characterize subsurface hydrogeology at and 

around the site. Also, the wells were completed at various depths to determine the vertical extent of 

potential contamination. These wells were installed at depths ranging from 100 feet or less. 

The RFI Phase Ill Ground Water Characterization study included five rounds of sampling and analysis for 

RCRA Appendix IX parameters and explosives. Beginning in 1991, a comprehensive list of parameters 

was analyzed during the semi-annual monitoring (for the 83 wells and the previous 26 wells). 

1.6 CONSTITUENT OF INTEREST 

This section summarizes information on the constituents that may be attributable to historical operations 

at each SWMU. Detailed information can be found in relevant sections of the risk assessment work plan. 

Constituents of interest are those constituents that may be attributable to historical operations at the site. 

Based on knowledge of site practices and an interpretation of the historical data (i.e., comparison of 

detected constituents to risk-based screening criteria), a list of detected chemicals of interest was 

developed for each SWMU.' Detected chemicals of interest are defined as those chemicals, excluding 

blank contaminants, present at concentrations greater than risk-based screening criteria. Historical site 

data were compared to human health and ecological criteria to identify chemicals of interest. 

1.6.1 SWMU 4 McComish Gorqe 

This section contains a summary of information used to identify constituents of interest for SWMU 4 

(McComish Gorge). Details including data tables and tag maps may be found in Section 5.4 of the risk 

assessment work plan (TtNUS, August 2000a). 
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1.6.1 .I Organic Constituents 

Benzene, 1,3-dichloropropenes (cis- and trans-), and Aroclor 1254 were detected in the environmental 

samples collected from SWMU 4. McComish Gorge. These chemicals were detected in one ground 

water sample collected during the 1992 sampling event, but were not historically detected in the soils at 

the site. These chemicals may be present at low levels (i.e., less than 5 pglL) in the ground water as a 

result of historical NSWC Crane maintenance practices. Historically, it was common practice to treat 

areas alongside roadways with a mixture of herbicides and waste fuel oils. This practice was performed 

for insect control and dust-suppression purposes. Benzene, 1,3-dichloropropenes (cis- and trans-), and 

Aroclor 1254 have also been detected at low levels in the ground water at SWMUs 5, 9, and 10, which 

implies that these chemicals may not be site-related constituents. However, these chemicals were 

conservatively identified as detected chemicals of interest for the site. 

Acetone, methylene chloride, and some phthalates were detected in the soil andlor ground water samples 

collected at the site. Several reported concentrations of these chemicals exceeded risk-based criteria, as 

illustrated on Figures 5-3 through 5-6 of the risk assessment work plan (TtNUS, August 2000a). These 
"-4 

chemicals were detected in the' laboratory and field QC blanks associated with the site samples. 
-as+ 

Therefore, they are not considered to be site-related constituents and were eliminated as parameters of 

interest for McComish Gorge. These chemicals were also reported at similar concentrations in 

environmental samples collected at SWMUs 5, 9, and 10, supporting the conclusion that the presence of 

these chemicals is attributable to contamination introduced through sampling (decontamination or 

ambient conditions) or laboratory analysis. 

Two explosives, 2,4-dinitrotoluene and 2,6-dinitrotoluene, and N-Nitrosodiphenylamine were found in 

subsurface soils at concentrations greater than the lowest screening criteria. The presence of these 

chemicals may be attributable to small arms munitions disposed at the site. Migration of these 

constituents from soil to ground water is not supported by the historical data, because they were not' 

detected in the historical ground water samples collected from the site. 

One pesticide, 4,4'-DDT, was detected in only one surface soil location (04102-10-90) at a concentration 

in excess of the screening criteria. In the ground water samples collected from the unconsolidated 

aquifers at the site, several pesticides were reported at concentrations greater than the lowest screening 

criteria (ground water or surface water criteria). The pesticides exceeding criteria in ground water include 

alpha-chlordane, gamma-BHC (lindane), heptachlor, and toxaphene. Pesticides may not be site-related .""4 
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constituents, but may, in fact, be attributable to NSWC Crane insect control measures. For conservative 

purposes, these chemicals were identified as detected parameters of interest at McComish Gorge. 

Alpha-chlordane was identified as a parameter of interest for ground water solely on the basis that 

reported concentrations exceeded surface water screening criteria for ecological receptors. As 

mentioned previously, this is a conservative comparison and serves to overestimate potential impacts to 

surface water as a result of ground water discharge. This chemical may not be present in the surface 

water at the site, but it is identified as a chemical of interest for the site for conservative purposes. 

1.6.1.2 Inorganic Constituents 

A variety of inorganics were found in the soil and ground water at McComish Gorge. Those inorganics 

detected at concentrations in excess of the lowest screening crit'eria are, as follows: 

- Soil: Antimony, arsenic, barium, beryllium, cadmium, chromium (total), cobalt, copper, iron, lead, 

phosphorus, selenium, thallium, and zinc. 

Ground Water: Arsenic, barium, chromium (total), cobalt, iron, lead, manganese, mercury, silver, 

chloride, and sulfide. 

Mercury was reported in one ground water sample (from well 04-01) at a concentration (77 pg/L) in 

excess of the federal MCL (2 pg/L). The ground water sample was collected in October 1982. This 

exceedance may be an anomaly because ground water samples collected from this well prior to October 

1982 did not contain detectable levels of mercury. In addition, concentrations of mercury in other 

monitoring wells at the site were either nondetect or less than 2 pg/L. 

A similar anomaly was also noted in the ground water for chromium. This chemical was detected in one 

ground water sample (from well 04-05) at a concentration equal to the Federal MCL of 100 pg/L. This 

exceedance was also noted in the ground water sample collected during October 1982. However, ground 

water samples collected from this well prior to October 1982 were either at or less than the limit of 

detection (1 0 pg/L). 

Based solely on the comparison that reported concentrations exceeded ecological screening criteria for 

surface water, chromium, cobalt, lead, mercury, silver, and chloride were identified as parameters of 

interest for ground. water. As mentioned previously, this is a conservative comparison and serves to 

overestimate potential impacts to surface water as a result of ground water discharge. These chemicals 
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may not be present in the s,urface water at the site, but were identified as chemicals of interest for the site 

for conservative purposes. 

1.6.1.3 Summary of Detected Chemicals of Interest 

The following constituents are detected chemicals of interest for soil and ground water at McComish 

Gorge (i.e., chemicals reported at concentrations in excess of risk-based screening criteria): 

- Soil: 2,4-Dinitrotoluene, 2,6-dinitrotoluene, N-nitrosodiphenylamine, 4,4'-DDT, and various 

inorganics. 

Ground Water: Benzene, cis-l,3-dichloropropene, trans-l,3-dichloropropene, alpha-chlordane, 

gamma-BHC, heptachlor, toxaphene, Aroclor 1254, and various inorganics. 

Because of the uncertainty associated with the historical analytical data, all constituents reported at 

concentrations in excess of risk-based criteria were included in the list of detected chemicals of interest 

for the site. The analytical program for the field investigation was developed considering these ADA, 

constituents of interest. 

1.6.2 SWMU 5 Old Burn Pit 

This section contains a summary of information used to identify constituents of interest for SWMU 5 (Old 

Burn Pit). Details including data tables can be found in Section 6.4 of the risk assessment work plan 

(TtNUS, August 2000a). 

1.6.2.1 Organic Constituents 

Halogenated hydrocarbons were found in the ground water and soil at the Old Burn Pit. Trichloroethene, 

chloroform, and cis-1.2-dichloroethene were detected in both ground water and soil. These chemicals 

were predominantly found in the subsurface soil and most likely have migrated into the ground water. 

The only other VOC detected in the soil was 1,2-dichloropropane. Other volatiles detected in the ground 

water were 1 ,l -dichloroethene, benzene, tran-l,2-dichloroethene, 1,2-dichloropropane, and vinyl chloride. 

These constituents were predominantly found in the wells located in the paleostream channel (i.e., a 

preferential flow pathway). 

Benzene and Aroclor 1254 were detected in the environmental samples collected from SWMU 5, Old 

Burn Pit. Benzene was found only in well 5-16, which is located outside the paleostream channel and 
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cross-gradient from the burn pit and burial area. Both chemicals were detected in the ground water 

samples collected during the 1992 sampling event, but have never been detected in the soils at the site. 

These chemicals may be present at low levels (i.e., generally less than 5 pg/L) in the ground water as a 

result of historical Basewide maintenance practices. Historically, it was common practice to treat areas 

alongside roadways with a mixture of herbicides and waste fuel oils. This practice was performed for 

insect control and dust-suppression purposes. Benzene and Aroclor 1254 have also been detected at 

low levels in the ground water at SWMUs 4, 9, and 10, which implies that these chemicals may not be 

site-related constituents. However, these chemicals were conservatively identified as detected chemicals 

of interest for the site. 

Acetone, methylene chloride, and phthalates were also detected in the soil andlor ground water samples 

collected at the site. Some reported concentrations of these chemicals exceeded risk-based criteria, as 

illustrated on Figures 6-3 through 6-6 of the risk assessment work plan (TtNUS, August 2000a). These 

chemicals were detected in the laboratory and field QC blanks associated with the site samples. 

Therefore, they are not considered to be site-related constituents and were eliminated as parameters of 

interest for the Old Burn Pit. These chemicals were also reported at similar concentrations in 

environmental samples collected at SWMUs 4, 9, and 10, supporting the conclusion that the presence of 

these chemicals is attributable to contamination introduced through sampling (decontamination or 

ambient conditions) or analysis. 

As seen in Table 6-4 of the risk assessment work plan (TtNUS, August 2000a), several pesticides and a 

herbicide were found at levels greater than the lowest screening criteria for aqueous matrices (i.e., 

ground water or surface water criteria). These constituents were found predominantly in wells located 

outside the paleostream channel. Endrin was the only pesticide that was found in both soil and ground 

water. The infrequent detection of pesticides, as well as their presence in wells outside the paleostream 

channel, may indicate that they are not a result of past burning activities conducted at the site. Their 

presence may be attributable to activities such as insect control. Also, many of these pesticides were 

identified as parameters of interest for ground water because reported concentrations exceeded surface 

water screening criteria for ecological receptors. As mentioned previously, this is a conservative 

comparison and serves to overestimate potential impacts to surface water as a result of ground water 

discharge. These, pesticides may not be present in the surface water at the site but are identified as 

chemicals of interest for SWMU 5 for conservative purposes. 

PAHs were found in the surface and subsurface soil samples collected at the site. However, these 

chemicals were not detected in ground water. PAHs are typical by-products from incomplete combustion. 
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It is reasonable to find these constituents at the burn pit and in the ash in the burial area. Consequently, 

these chemicals are likely to be site-related constituents. 

Reportedly, explosives were not burned at the SWMU 5, Old Burn Pit. Because explosives are not 

considered to be parameters of concern for the site, analysis was not conducted for these chemicals 

during previous site investigations. However, samples collected at the site were analyzed for a full suite 

of semivolatile organic compounds, which includes a few explosives (dinitrotoluenes) and some 

explosive-related chemicals (nitrogen-containing constituents). None of these chemicals were detected in 

the soil and ground water samples. 

1.6.2.2 Inorganic Constituents 

A variety of inorganics were found in the soil and ground water at the Old Burn Pit. Those metals that 

exceeded the lowest screening criteria for soil and ground water are as follows: 

- Soil: Antimony, arsenic, barium, beryllium, cadmium, chromium (total), cobalt, copper, iron, lead, 

mercury, phosphorus, nickel, selenium, silver, thallium, and zinc. 

Ground Water: Antimony, arsenic, chromium (total), cobalt, iron, lead, mercury, and silver. 

For both surface and subsurface soil, the highest concentrations of inorganics were detected in borings 

05/03-08 and 05/03-09. These borings were located directly in the gully north of the burn pit area. The 

monitoring wells that most consistently showed the highest concentrations of inorganics were wells 05-03, 

05-06, and 05-08. Wells 05-06 and 05-08 are downgradient (i.e., north-northwest) of the gully, and 05-03 

is downgradient of the burn pit. Based on the historical data, a correlation between inorganics in soil and 

ground water may exist. 

1.6.2.3 Summary of Detected Chemicals of Interest 

The following constituents are detected chemicals of interest for soil and ground water at the Old Burn Pit 

(i.e., chemicals reported at concentrations in excess of risk-based screening criteria): 

- Soil: 1,1,2,2-Tetrachloroethane, chloroform, cis-1.2-dichloroethene, trichloroethene, 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)flouranthene, chrysene, 

indeno(l,2,3-cd)pyrene, naphthalene, aldrin, dieldrin, endrin, and various inorganics. 
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Ground Water: 1 , I  -Dichloroethene, 1,2-dichloropropane, benzene, chloroform, 

cis-l,2-dichloroethene, trans-l,2-dichloroethene, trichloroethene, vinyl chloride, 2,4,5-TP, 4,4'-DDD, 

4,4'-DDE, alpha-chlordane, Aroclor 1254, beta-BHC, ensdosulfan II, endrin, endrin aldehyde, gamma- 

chlordane, heptachlor, and various inorganics. 

Because of the uncertainty associated with the historical analytical data, all constituents reported at 

concentrations in excess of risk-based criteria were included in the list of detected chemicals of interest 

for SWMU 5. This list was used to develop the chemical categories for analysis in the field program. 

1.6.3 Pesticide Control/R-150 Tank Area 

This section contains a summary of information used to identify constituents of interest for SWMU 9. 

Details including data tables and tag maps can be found in Section 7.4 of the risk assessment work plan 

(TtNUS, August 2000a). 

1.6.3.1 Organic Constituents 

Various chlorinated solvents were detected in the ground water at the site, near the R-150 Tank. 

Although the source of chlorinated solvents, the tank, has been removed from the site, chlorinated 

solvents have migrated to the ground water and are present at concentrations of potential concern (i.e., in 

excess of human and ecological screening criteria). These chemicals are not detected constituents of 

interest for the surface and subsurface soil. 

Benzene, 1,2-dichloropropane, trans-l,3-dichloropropene, and Aroclor 1254 were detected in the 

environmental samples collected from the Pesticide ControVR-150 Tank Area. 'These chemicals were 

detected sporadically in the ground water at the site. These chemicals may be present at low levels (i.e., 

less than 5 pg/L) in the ground water as a result of historical Basewide management practices. 

Historically, it was common practice to treat areas alongside roadways with a mixture of herbicides and 

waste fuel oils. Benzene, 1,2-dichloropropane, 1,3-dichloropropenes (cis- and trans-), and Aroclor 1254 

have been detected in the ground water at SWMU 4, 9, and 10, which implies that these chemicals may 

not be site-related constituents. However, these chemicals have been conservatively identified as 

detected chemicals of interest for the site. 

Chloroform, methylene chloride, bis(2-ethylhexyl) phthalate, and di-n-butyl phthalate were detected in the 

soil and/or ground water samples collected at the site. Several reported concentrations of these 

chemicals exceeded risk-based criteria. These chemicals were detected in the laboratoj and field QC 
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blanks associated with the site samples. Therefore, they are not considered to be site-related 

constituents and were eliminated as parameters of interest. These chemicals were also reported at 

similar concentrations in environmental samples collected at SWMUs 4, 5, and 10, supporting the 

conclusion that the presence of these chemicals is attributable to contamination introduced through 

sampling (decontamination or ambient conditions) or laboratory analysis. 

Several pesticides were detected in the soils and ground water throughout the site at concentrations 

greater than the lowest screening criteria. In addition, reported soil concentrations of one herbicide 

(dinoseb) exceeded risk-based screening criteria. Detections of pesticides in the soils do not correspond 

with detections of pesticides in the ground water. During the soils investigation, relatively high 

concentrations of pesticides were observed in the quality control blank samples associated with the 

environmental samples, which may explain why ground water and soil concentrations do not correlate. 

Some reported concentrations of pesticides at the site may be a result of contamination introduced 

through sampling (decontamination or ambient conditions) or laboratory analysis. Although there are 

some questions regarding the presence of pesticides in the site media, these chemicals are directly 

related to historical site activities and have been identified as detected chemicals of interest for the site. - 
Several PAHs were found in the surface and subsurface soil samples collected at borings 09/05-05 and 

09/05-06, located immediately west of Building 2189. Total petroleum hydrocarbons (TPH) were also 

detected at elevated concentrations (i.e., in excess of 100 mglkg) in the samples collected from these two 

borings. The borings are located in close proximity to Highway 45, two access roads for the site, and a 

gravel parking lot. PAHs are ubiquitous and are typically found near roadways as by-products of 

vehicular exhaust. In addition, the presence of PAHs at these locations may be attributable to the 

demolition of Building 2189 (i.e., small fragments of construction rubble may be present around the 

building). Based on the localized area of elevated PAHs and TPH at the site and the fact that these 

chemicals were not detected in ground water, they might not be site-related constituents. However, for 

conservative purposes, these chemicals have been identified as detected chemicals of interest for the 

site. 

Alpha-chlordane, 4,4'-DDD, and endosulfan II were identified as parameters of interest for ground water 

solely on the basis that reported concentrations exceeded surface water screening criteria for ecological 

receptors. As mentioned previously, this is a conservative comparison and serves to overestimate 

potential impacts to surface water as a result of ground water discharge. These chemicals may not be 

present in the surface water at the site but are identified as chemicals of interest for the site for 

conservative purposes. - 
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1.6.3.2 Inorganic Constituents 

A variety of inorganics were found in the soil and ground water at the Pesticide ControlIR-150 Tank Area. 

Those inorganics detected at concentrations in excess of the lowest screening criteria are as follows: 

- Soil: Arsenic, barium, cadmium, chromium (total), lead, mercury, nickel, selenium, and zinc. 

Ground Water: Antimony, arsenic, cadmium, chromium (total), cobalt, copper, lead, manganese, 

mercury, nickel, selenium, silver, zinc, nitratelnitrite, sulfate, and sulfide. 

The four grab water samples collected from open boreholes around the R-150 Tank in 1983 contained 

elevated levels (i.e., in excess of risk-based screening criteria) of arsenic, cadmium, chromium, copper, 

lead, mercury, nickel, iron, manganese, and zinc. The water samples collected from the boreholes were 

turbid, and elevated concentrations of inorganics in these samples are considered to be a result of 

sediment present in the samples. Cadmium, copper, lead, and mercury were detected only in the 

samples collected from the boreholes; these chemicals were not detected in the ground water samples 

collected from the site. These inorganics may not be site-related constituents but have been identified as 

detected parameters of interest for conservative purposes. 

Cobalt, selenium, and silver were identified as parameters of interest for ground water solely on the basis 

that reported concentrations exceeded surface water screening criteria for ecological receptors. As 

mentioned previously, this is a conservative comparison and serves to overestimate potential impacts to 

surface water as a result of ground water discharge. These chemicals may not be present in the surface 

water at the site but are identified as chemicals of interest for the site for conservative purposes. 

1.6.3.3 Summary of Detected Chemicals of Interest 

The following constituents are detected chemicals of interest for soil and ground water at the Pesticide 

ControlIR-150 Tank Area: 

Soil: Anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, chrysene, indeno(l,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene, 

4,4'-DDT, aldrin, alpha-BHC, beta-BHC, dieldrin, dinoseb, disulfoton, endrin aldehyde, heptachlor, 

methoxychlor, methyl parathion, phorate, Aroclor 1242, Aroclor 1254, various inorganics, and TPH. 

Ground Water: Benzene, cis-l,3-dichloropropene, trans-l,3-dichloropropene, 1,2-dichloropropane, 

1,1,1 -trichloroethene, 1,1,2,2-tetrachloroethane, 1 ,1-dichloroethane, 1 ,l -dichloroethene, 
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1,2-dichloroethane, 1,2-dichloroethenes (cis- and trans-), tetrachloroethene, trichloroethene, vinyl 

chloride, 4,4'-DDD, 4,4'-DDT, alpha-chlordane, Aroclor 1254, beta-BHC, endosulfan II, heptachlor, 

and various inorganics. 

Because of the uncertainty associated with the historical analytical data, all constituents reported at 

concentrations in excess of risk-based criteria were included in the list of detected chemicals of interest 

for the site. This list was used to develop appropriate chemical categories to be included in the analytical 

program. 

1.6.4 Rockeve 

This section contains a summary of information used to identify constituents of interest for SWMU 10. 

Details including data tables and tag maps can be found in Section 8.4 of the risk assessment work plan 

(TtNUS, August 2000a). 

1.6.4.1 Organic Constituents 

Based on the historical site data and known site operations, explosives are the primary chemicals of - 
" *' 

interest for SWMU 10, Rockeye. The specific explosives identified as detected chemicals of interest 

consist of amino-dinitrotoluenes, 2,4-dinitrotoluene, 2,6-dinitrotoluene, HMX, RDX, 1,3,5-trinitrobenzene, 

and 2,4,6-trinitrotoluene. Similar explosives were detected in the ground water and soil during the 

previous site investigations. 

Explosives were detected in the soil samples collected at the site. The highest concentrations of 

explosives were found in the surface soil samples collected from locations along the drainageways 

leading from the site. Subsurface soil samples also contained sporadic detectable concentrations of 

explosives. However, reported concentrations in these samples were relatively low (i.e., less than risk- 

based screening levels). 

Explosives were detected in the unconsolidated aquifer and the two bedrock aquifers: Pennsylvanian 

(uppertmiddle and lower) and Golconda aquifers. The highest concentrations of explosives were found in 

the lower Pennsylvanian aquifer. The presence of explosives in ground water was confirmed during 

quarterly and semi-annual monitoring efforts. Explosives were predominantly found in the ground water 

samples collected from on-site and off-site monitoring wells located in the northeastern portion of the site. 

These wells are downgradient of what is the currently active area of Rockeye (i.e., the production facility). 
-9 
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Semivolatile organic compounds, primarily PAHs, were detected in the soil sample collected from one 

area of the site. This area is referred to as Area H, where a sample was obtained near the air discharge 

vent from Building 2734. Although reported concentrations of a few semivolatiles exceeded risk-based 

concentrations, these chemicals are isolated to areas near the discharge and not found throughout the 

entire site. Semivolatiles were not detected in the ground water at the site, supporting the interpretation 

that these chemicals are not significant detected parameters of interest. 

Acetone, 2-butanone, chloroform, methylene chloride, and several phthalates were detected in the soil 

and/or ground water samples collected at SWMU 10. Several reported concentrations of these chemicals 

exceeded risk-based criteria. These chemicals were detected in the laboratory and field QC blanks 

associated with the site samples. Therefore, they are not considered to be site-related constituents and 

were eliminated as parameters of interest for Rockeye. 

Benzene, Aroclor 1254, a few miscellaneous volatile organics (such as l,l,l-trichloroethane and 

xylenes), and various herbicides and pesticides were found in the soil and/or ground water samples at the 

site. These chemicals were detected in ground water samples collected from all aquifers and in various 

locations (wells) throughout the site. These constituents, which were only sporadically detected in the 

site soils, were most consistently found in the ground water samples collected during the 1991 and 1992 

sampling event. Considering the historical site operations, it is unlikely that these constituents are 

present as a result of previous site activities. These chemicals were typically present at low levels (i.e., 

less than 5 pg/L) in the site media and are considered to be a result of historical Basewide management 

practices. Historically, it was common practice to treat areas alongside roadways with a mixture of 

herbicides and waste fuel oils. Given that Rockeye is an active facility, additional landspreading of fuel oil 

treated with pesticides and herbicides is likely to have occurred. Aroclor 1254, herbicides, and pesticides 

have been detected in the ground water at SWMUs 4, 5, and 9, which indicates that these chemicals are 

not present due to specific activities performed at SWMU 10. Their presence is attributed to Basewide 

practices. 

1.6.4.2 Inorganic Constituents 

A variety of inorganics was found in the soil and ground water at Rockeye. Those inorganics detected at 

concentrations in excess of the lowest screening criteria are as follows: 

- Soil: Antimony, arsenic, barium, beryllium, cadmium, chromium (total), cobalt, copper, iron, lead, 

nickel, tin, and zinc. 
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Ground Water: Aluminum, antimony, arsenic, beryllium, cadmium, chromium (total), cobalt, copper, 

cyanide, iron, lead, manganese, mercury, nickel, selenium, thallium, vanadium, zinc, nitrate, nitrite, 

and sulfide. 

Inorganics were detected at concentrations exceeding risk-based screening criteria in most wells in the 

various aquifers at the site. For conservative purposes and because of the uncertainty associated with 

the historical data, inorganics were identified as detected chemicals of interest for SWMU 10. However, 

based on statistical analyses performed during previous site investigations (US. ACE WES, 1993), the 

presence of inorganics in ground water may be attributable to background rather than site operations. 

Naturally occurring acidic soil conditions (i.e., low soil pH) may enhance the leaching of inorganics in 

native soil to the ground water. In addition, inorganics detected in the soils at Rockeye are statistically 

similar to those concentrations detected in the background samples collected during previous 

investigations (US. ACE WES, August 1998). 

1.6.4.3 Summary of Detected Chemicals of Interest 

The following constituents are detected chemicals of interest for soil and ground water at SWMU 10, 
+-% 

Rockeye (i.e., chemicals reported at concentrations in excess of risk-based screening criteria and 

determined to be site related): 

a: 2,4-Dinitrotoluene, 2,6-dinitrotoluene, HMX, RDX, 2,4,6-trinitrotoluene, and various inorganics. 

Ground Water: Amino-dinitrotoluenes, 2,4-dinitrotoluene, 2,6-dinitrotoluene, HMX, RDX, 

1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, and various inorganics. 

This list was used to develop appropriate chemical categories to be included in the analytical program for 

the field investigation. 
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Alluvium 

Soil Series Soil Type 

- - 

Barlle 

Blrds 

Bonnie 

Burnside 
Haymond 

Pekin 

Loess/Olacial Outwash 

Hosmer HOB 2 silt loam 

Present at l 
o l  SWMUs 
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s~lt loam to loam 

Ba 

Bk 

BO 

Bu 
Hd 

PeB 

Parke PaC2 1 slit loam 

Pike Pk NP SIII loam 

Wa 

silt loam lo silty 

Soil ~lassification"' 

NP 

2 

NP 

4 
3 

NP 

Wllbur 

loam, clay loam. 

Surface So i~ '~ '  

4 

Subsurface 
Soil"' 

Soil ~ lass i l i ca t ion~~ l  

slit loam 

slit loam 

slit loam 

loam 
silt loam 

silt loam 

Wr 

Description Surface Soil1" 

CL. CL- ML 

CL 

silt loam 

SM GM loccasslona~~~ Iloodea nearly !eve. deep we11 dralnod on IIOOCI p dons 111ooa p.a.ns Isl~tstone. and snale 
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I I I 
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~ o i l l ~ ]  
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CL 

NP 
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CL. CL- ML 

CL 
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CL 

ML. CL. ML-CL 
ML 

CL-ML 

slit loam 

Depositional Environment 
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Zanesville-Udorthenls sill loam to srlly clay sllt loam. silly CL-ML. CL. ML, Loess and malerial wealhered lrom 
z~B'" 13 loam clay loam lo loam CL-ML. CL. ML SC. SM, GM 2 lo 6 percent slopes, gently sloping, moderalely lo well drained ndgelops in uplands ss, siltstone. shale 

sill loam lo sllly clay sill loam. silty CL-ML. CL. ML. Loess and malerial wealhered from 
2nCr6' 17 loam clay loam lo loam CL-ML. CL. ML SC, SM. GM 6 lo 12 percenl slopes, gently sloping, moderately lo well dralned rldgelops in uplands ss, sillstone. Shale. 

Notes: 

USDA Uniled Stales Departmenl ol Agricullure 
SCS Soil Consewallon Sewlce. 
NP - No1 present a1 any SWMUs 
SWMU - sol~d waste management unlts 
SS - sandstone. 
NA - Not available. 
1 Inlormation taken lrom McElrath. G.. Jr.. 1998. Soil Survey ol Martln Counly, Indiana, Soil Conservation Sewice. Uniled Slales Departmenl ol Agriculture. 
2 Un~led Stales Departmenl ol Agriculture (USDA) classilication System. 
3 Un~lted So11 Class~ficalion System (USCS), abbrevialions are as follows. 

CL - lnorganic clays ol low lo med~um plaslicily, gravelly clays, sandy clays, silly clays, lean clays SM -Silly sands, poorly graded sand-sill mixlures. 
ML - Inorganic sills and v e v  line sands, rock flour, silly or clayey line sands wllh slight plaslicily GM - Sllty gravels . poorly graded gravel-sand-sill mixlures. 
SC - Clayey sands, poorly graded sand-clay mixtures. GC - Clayey gravels, poorly graded gravel-sand-clay mixtures 

4 Surface so11 IS lrom 0 lo 12 inches below ground surface (bps). 
5 Subsurlace soil is behveen 12 and 70 inches bgs or to Ihe lop ol bedrock. 
6 Soil at areas a1 Ihe NSWC where a signll~cant amounl ol conslrucllon and earth moving have removed most ol the orlglnal sorl. whlch has been depos~led as fill on bullding sites. 
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FIGURE 1-6 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 4 - McCOMISH GORGE 

NSWC CRANE, INDIANA 
PAGE 1 OF 5 

Photograph 1 - taken from Highway 140 showing the up stream side of Culpepper Branch that boarders 
McComish Gorge (SWMU 4) to the north. 

Photograph 2 - taken from Highway 140 showing the down stream side of Culpepper Branch as it passes 
SWMU 4 to the nonheast. 



FIGURE 1-6 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 4 - McCOMISH GORGE 

NSWC CRANE, INDIANA 
PAGE 2 OF 5 

Photograph 3 - taken from Highway 140 showing marshy area adjacent to the site . This marshy/bowl 
shaped area receives flow from SWMU 4; however, the intermittent feeder stream is up gradient of the 

SWMU's formerly impacted area - prior to crossing under Route 140 via a 3' diameter culvert. 

Photograph 4 - shows the up gradient side of the 3' diameter culvert mentioned in photograph 3 with 
railroad tracks (R-140) and Highway 140 in the background. 



FIGURE 1-6 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 4 - McCOMISH GORGE 

NSWC CRANE, INDIANA 
PAGE 3 OF 5 

Photograph 5- showing the area around soil boring 045B03 (old field within the formerly impacted area). 

Photograph 6 - is the first photo in an east to west panorama of the old field within the formerly impacted 
area of 5WMU 4. 



FIGURE 1-6 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 4 - McCOMISH GORGE 

NSWC CRANE, INDIANA 
PAGE 4 OF 5 

Photograph 7 - is the second photo in an east to west panorama of the old field within the formerly 
impacted area of SWMU 4. 

Photograph 8 - is the third and final photo in an east to west panorama of the old fie ld within the formerly 
impacted area of SWMU 4. Note Jeep Trail 1 on the left side of the photograph. 
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Photograph 9 - shows the west end 01 the old field of the formerly impacted area of SWMU 4 from 
another vantage point on Jeep Trail 1-
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FIGURE 1-9 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

PAGE 1 OF 5 

Photograph 1 - showing the northern section of the gravel trailer parking facility at the Old Burn Pit 
(SWMU 5) with a mixed coniferous (small stand of pine trees on the right side of photograph) and 

deciduous forested area along its perimeter. 

Photograph 2 - showing another view of Ihe gravel trailer parking facility at SWMU 5 with a grassy area 
and shrub/scrub area just behind the parked truck and trailer. The gravel area shown was recently 

widened. 
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SITE PHOTOGRAPHS (3-11-02) 
SWMU 5 - OLD BURN PIT 
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PAGE 2 OF 5 

Photograph 3 - showing the maintained grassy area in the vicinity of 055B05. 

Photograph 4 - showing the maintained grassy area to access monitoring well 05-07. 
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SITE PHOTOGRAPHS (3-11-02) 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

PAGE 3 OF 5 

Pholograph 5 - showing a bowl shaped area with an abandoned 55-gallon drum just east of groundwater 
monitoring well 05-07. Although presenlly dry this area would most likely receive drainage from the 

northeast. 

Photograph 6 - showing the small intermittent stream in the area of the surface water and sediment 
sampling location 05SW/SD05 just east of the SWMU's gravel entrance. 
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SITE PHOTOGRAPHS (3-11-02) 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

PAGE 4 OF 5 

Photograph 7 - showing down gradient view of the stream located in the northwest corner of SWMU 5, 
just up gradient of the 4.5' culvert that runs under Highway 331 , with 55-gallon drum in the background. 

Photograph 8 - showing up gradient view of the stream located in the northwest corner of SWMU 5 in the 
area of the surface water and sediment sampling location 05SW/SD02. Note 55-gallon drums, 

refrigerator and scrap metal in photograph. 



FIGURE 1-9 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

PAGE 5 OF 5 

Photograph 9 - showing the debris on the east side of the stream near the same suriace water and 
sediment sampling location mentioned in photograph 8. 
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FIGURE 1-12 

SITE PHOTOGRAPHS (3-11-02) 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, INDIANA 
PAGE 1 OF 3 

Photograph 1 - showing slab of the former pesticide control building with groundwater monitoring well 09TOI on the 
left side of photograph. 

Photograph 2 - showing swale, south of former pesticide control building location , which diverts surtace water run-off 
toward a tributary of Boggs Creek located in the wooded area shown in the background of this photograph. 



FIGURE 1-12 

SITE PHOTOGRAPHS (3-11 -02) 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, INDIANA 
PAGE20F3 

Photog raph 3 . showing the south end of SWMU 9 with bu ilding 150 located just right of the photograph's center. 

Photograph 4 - taken from the former tank area's access road showing view of culvert facing west - surface water 
drainage is toward culvert. 
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SITE PHOTOGRAPHS (3-11-02) 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, INDIANA 
PAGE 3 OF 3 

Photog raph 5 - showing the same culvert in photograph 4 facing south. This culvert diverts site surface water run-off 
under Highway 349 toward a tributary of Boggs Creek located in wooded area. 

Photograph 6 - showing the same culvert in photograph 4 facing east toward Highway 45 - surface waler drainage is 
toward culvert . 
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RFI Report for SWMUs 4, 5, 9, 10 

Revision: 1 
Date: April 2003 

Section: 2 
Page 1 of 16 

2.0 FIELD INVESTIGATIONS 

2.1 OVERVIEW 

This section discusses sampling activities, procedures, and documentation utilized during field operations 

performed for the risk assessments for SWMUs 4, 5, 9, and 10 at NSWC Crane Division, Crane, Indiana. 

These activities were performed between November 13,2000 and February 20,2001, in accordance with 

the procedures and methodologies described in the field investigations contained in Appendix A of the 

approved risk assessment work plan (TtNUS, August 2000a). Referenced standard operating procedures 

are included in the RFI. Copies of the field logbooks and all field notes are provided in Appendices A 

through D as follows: 

Boring Logs, Monitoring Well Construction Diagrams and Cross Sections 

SWMU 4 Boring Logs and Monitoring Well Construction Diagrams 

SWMU 5 Boring Logs and Monitoring Well Construction Diagrams 

SWMU 9 Boring Logs and Monitoring Well Construction Diagrams 

SWMU 10 Boring Logs and Monitoring Well Construction Diagrams 

SWMU 10 Cross Sections 

Sample Log Sheets and Other Field Forms 

SWMU 4 Soil Sample Log Sheets 

SWMU 5 Soil Sample Log Sheets 

SWMU 9 Soil Sample Log Sheets 

SWMU 10 Soil Sample Log Sheets 

Ground Water Sample Log Sheets 

SWMU 4 Ground Water Sample Log Sheets 

SWMU 5 Ground Water Sample Log Sheets 

SWMU 9 Ground Water Sample Log Sheets 

SWMU 10 Ground Water Sample Log Sheets 

Surface Water and Sediment Sample Log Sheets 

SWMU 4 Surface Water and Sediment Sample Log Sheets 

SWMU 5 Surface Water and Sediment Sample Log Sheets 

SWMU 9 Surface Water and Sediment Sample Log Sheets 

SWMU 10 Surface Water and Sediment Sample Log Sheets 

Chain of Custody Records 

SWMU 4 Chain of Custody Records 
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SWMU 5 Chain of Custody Records 

SWMU 9 Chain of Custody Records 

SWMU 10 Chain of Custody Records 

SWMUs 4, 5, 9, and 10 Monitoring Well Inspection Sheets 

SWMUs 4, 5, 9 and 10 Monitoring Well Development Records 

SWMUs 4, 5, 9, and 10 Water Level Measurement Sheets 

SWMUs 4, 5, 9, and 10 Stream Flow Measurement Calculation Sheets 

SWMUs 4, 5, 9, and 10 Field Task Modification Request Forms 

SWMUs 4, 5, 9, and 10 Equipment Calibration Logs 

SWMUs 4, 5,9, and 10 Site Logbook 1330 

SWMUs 4, 5, 9, and 10 Field Notebook 2447 

SWMUs 4,5, 9, and 10 Survey Data 

2.2 MOBILIZATION 1 DEMOBILIZATION 

Upon approval of the RFI work plan, TtNUS began mobilization activities. In addition to the FSP, all field 

team members reviewed the work plan [including the quality assurance project plan (QAPP) and health *-'" 

and safety plan (HASP)] prior to the start of project activities. 

Before the initiation of field work, the field operations leader (FOL) arrived at the site and began on-site 

mobilization activities. These activities included coordination with base personnel and utility clearance of 

drilling locations for the proper utilities. Utility clearance (dig permits) for all sites was issued through 

NSWC Crane Public Works. NSWC Crane Environmental provided building space for use as the field 

office. Equipment required for the field activities was shipped from the TtNUS Pittsburgh warehouse and 

environmental rental companies to the site. After field activities were completed, the FOL was responsible 

for the decontamination and demobilization of all equipment, and cleaning the field office. 

TtNUS and its subcontractors performed all site restoration activities where needed. Site restoration 

included the revegetation of all areas impacted by monitoring well installation at SWMUs 4, 5, and 9 (no 

new monitoring wells were installation at SWMU 10). The NSWC Crane Natural Resources Department 

specified the seed type to be use for revegetation. Special attention was given to those impacted areas 

within proximity to streams and on slopes in order to maximize erosion control. 
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2.3 GEOPHYSICAL SURVEYS 

Surficial geophysical surveys were performed in 1999 and 2000 at McComish Gorge to help define the 

lateral limits of disposal areas, and to support the determination of optimum locations for soil borings 

installed during the RFI. The geophysical surveys included using an Geonics EM31 terrain conductivity 

meter to perform the surveys. The 1999 survey initially defined anomalous areas which were investigated 

further durirrg the 2001 survey. The details of those surveys are included as Appendix I to the risk 

assessment work plan. The findings of the surveys were used to delineate the disposal areas shown and 

are discussed further in Section 4.0. 

2.4 SUBSURFACE INVESTIGATION METHODOLOGIES AND PROCEDURES 

2.4.1 Drilling 

Borings for soil sampling and monitoring well installation were drilled using direct-push, hollow-stem 

auger, and air rotary methods. The direct-push drilling method was used to drill soil borings. Hollow-stem 

auger (HSA), and air rotary techniques were used to drill the monitoring well borings. All borings were 

drilled in accordance with CTO 10 SOP 7 and logged in accordance with CTO 10 SOP 14. Boring logs 

can be found in Appendix A. 

2.4.1.1 Direct-Push Drilling 

The direct-push technique (DPT) involved pushing sampling tools hydraulically andlor mechanically 

downward into the ground to the desired depth. The DPT method was used to complete a total of 41 soil 

borings at the four SWMUs (12 at SWMU 4, 8 at SWMU 5, 11 at SWMU 9, and 10 at SWMU 10). Soil 

samples were collected for both chemical analyses and lithologic logging. The borings were advanced to 

a total depth of 10 feet or refusal, whichever was encountered first. 

2.4.1.2 Hollow-Stem Auger Drilling 

HSA drilling with split-spoon sampling was used to drill borings and collect soil samples for the installation 

of monitoring wells in unconsolidated materials. The augers were advanced to a depth immediately above 

the intended sample depth. A split-spoon sampler was driven into the unconsolidated material through the 

center of the auger by means of a drill-rig-mounted hammer weighing 140 pounds falling 30 inches. The 

HSA technique was used to drill three monitoring well borings each at SWMUs 4 and 5. 
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2.4.1.3 Air Rotary Coring and Reaming 

A total of five monitoring well borings at SWMU 9 were drilled using air rotary coring and reaming. The 

boriqgs were initially drilled using either HSAs or spun casing through the unconsolidated material until 

bedrock was reached. A 6-inch-diameter steel isolation casing was installed into the bedrock and grouted 

in place and allowed to cure at least 24 hours. The underlying bedrock was cored with an NX-size core 

barrel using air rotary drilling methods until the desired boring depth was reached. Each boring was 

reamed with a 5-718-inch diameter roller bit prior to well installation. 

2.4.2 Borehole and Sample Loncring 

The TtNUS geologist maintained a log for each boring in accordance with CTO 10 SOP 14. At a 

minimum, the boring logs contain the following information: 

Well identification (where applicable). 

Boring identification. 

Name of geologist logging the boring. 

Name of drilling contractor. 

Sample numbers and types. 

Sample depths. 

Standard penetration test data (HSA only). 

Sample recovery and sample interval. 

Soil density or cohesiveness. 

Soil color. 

Unified Soil Classification System (USCS) material description. 

Rock type and description, recovery, and rock quality designation (RQD). 

Location of boring. 

Drilling and well construction problems or deviations from the project-specific FSP; monitoring well 

locations only. 

Date(s) of drilling. 

In addition, depths of changes in lithology, sample moisture observations, depth to water, presence of 

organic vapor using a photoionization detector (PID) or flame ionization detector (FID), drilling methods, 

and total depth of each borehole are included on each log, as well as any other pertinent observations. 
L-. 
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2.4.3 Borehole Abandonment 

All borings not converted to wells were backfilled. Borings with standing water were backfilled with a 

cement-bentonite slurry using a tremie pipe from the bottom up to the ground surface. Dry boreholes 

were backfilled with bentonite chips. The surface was restored to its original condition. 

2.5 MONITORING WELL INSTALLATION AND DEVELOPMENT 

2.5.1 Well Installation 

Monitoring well installation was initiated when the borings were drilled to the desired depth. Two-inch- 

diameter polyvinyl chloride (PVC) Schedule 40 well screen and riser pipe were lowered into the boring 

through either the HSAs or the steel isolation casing. Well screens were either 5 or 10 feet in length, with 

a slot size of 0.010 inch. 

When the screen and the riser pipe were in place, the annulus of the boring was backfilled with clean silica 

sand from the bottom of the boring to 1 to 2 feet above the top of the well screen. A bentonite pellet seal 

(minimum 2-foot thickness) was then installed and allowed to hydrate in accordance with the 

manufacturer's recommendations. The remainder of the annulus of the borehole (from the bentonite seal 

to the ground surface) was grouted by pumping a cementtbentonite slurry through a tremie pipe until the 

grout reached the level where the concrete apron was placed. The depth of the backfill materials was 

constantly monitored during the installation of the monitoring well using a weighted steel tape measure to 

ensure that the sand pack or bentonite did not bridge during the installation process. Indiana State well 

installation requirements in 31 0 IAC 16 were followed for all well installation activities. A well construction 

log, as presented in Appendix A, was completed for all wells. 

2.5.2 Monitorinq Well Protection 

When a monitoring well was completed and the annulus grouted to the land surface, a large-diameter 

steel protective casing with a locking cap was cemented in place over the riser pipe of each well. This 

stick-up-type protective casing was extended approximately 2.5 feet above and below the ground surface, 

and a drain hole was drilled into the protective casing approximately 6 inches above the ground surface. 

Pea gravel was used to fill the space between the outer protective casing and the well casing to center the 

riser pipe (2-inch PVC) within the protective case. A 3-foot-square and 112-foot-deep concrete apron was 

cemented in place around the well casing, and four safety yellow barrier posts (nominal 4-inch-diameter, 

7-foot-long steel pipe filled with concrete) were cemented immediately outside the four corners of the 

concrete apron. 
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To maintain well security, all wells were locked using locks that were keyed alike. 

2.5.3 Monitoring Well Development 

All existing wells sampled as part of this investigation were redeveloped, and all newly installed monitoring 

wells were developed no sooner than 24 hours after installation to remove fine material from around the 

well screen and the sand filter pack that surrounds the well screen. Wells were developed by bailing and 

surging and/or by pumping as determined by the field geologist or equivalent. After initial water levels 

were taken, a 2-inch surge block was inserted into the well and the well was then surged over the length of 

the saturated screen for a minimum of 5 minutes. Immediately after surging, a submersible pump was 

lowered into the well and the well was pumped for approximately 1 hour. Water-quality parameters, pump 

rate, volume of ground water removed, recharge rates, and water levels were recorded during 

development. Monitoring well construction information and water-level measurements are recorded in 

Tables 2-1 through 2-4 for each of the four SWMUs. 

Additionally, if the well was pumped dry, TtNUS personnel typically waited 20 to 30 minutes, noted the rate 
C' 

of recharge, and then pumped the well dry a second time in an effort to maximize the amount of fine 

material removed. 

Monitoring well development records for each well can be found in Appendix B.6. All purge fluids were 

containerized, transported to Building 3245, and discharged to the NSWC Crane permitted wastewater 

treatment system via a floor drain located outside and behind of the building. Section 2.13 describes the 

disposal of all investigation derived waste (IDW) including development fluids. 

2.6 GENERAL SAMPLING OPERATIONS 

This section discusses the sampling methodology for all ground water, surface soil, subsurface soil, 

surface water, and sediment sampling activities performed at NSWC Crane, Indiana. Sample locations 

and analytical requirements, including field test methods for these samples, are detailed in the appropriate 

section for each SWMU. 

2.6.1 Ground Water Purainq and Sampling 

A total of 57 ground water samples were collected at SWMUs 4, 5, 9 and 10 and submitted for fixed-base 

laboratory analyses from 11 new and 46 existing monitoring wells. Prior to in~tiation of purging and 4a 

stabilization, all monitoring wells were inspected in accordance with the procedure described in CTO 10 
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standard operating procedure (SOP) 1. CTO 10 SOP 3 was utilized for well purging and stabilization prior 

to sampling and for low-flow techniques . 

Wells were purged prior to sampling using a peristaltic pump or bladder pump, depending on well depths. 

In general, bladder pumps were used on monitoring wells with a water level greater than 20 feet bgs and 

peristaltic pumps on those wells having a water level less than 20 feet bgs. Both pump types used 

disposable tubing; and new tubing was used for each well. Section 2.13 describes IDW disposal. 

Submersible pumps (bladder pumps) required decontamination (CTO 10 SOP 9) and new tubing between 

each monitoring well that was sampled. Rinsate blanks, to check the thoroughness of the 

decontamination, were collected at a rate of 10 percent (1 rinsate blank for each 20 samples) on the 

bladder pump. 

After the well cap was opened, a PID reading of air within the riser pipe was taken prior to purging or 

sampling to determine appropriate personal protective equipment. No elevated PID readings were noted 

throughout the monitoring well sampling activities. 

Ground-water-quality parameters, including pH, specific conductance, temperature, dissolved oxygen 

(DO), and oxidation-reduction potential (ORP), were measured during purging at 5- to 10-minute intervals 

using a YSI Model 6820 multi-parameter water-quality meter and flow through cell. Turbidity readings 

were measured using a LaMotte 2020 turbidity meter. Calibration log sheets for all meters are found in 

Appendix B.lO. Water levels and pump rates were also measured during purging at 5- to 10-minute 

intervals. Purging continued until a minimum of one well volume was removed and the above parameters 

stabilized, in accordance with Section 2.4.1 of the work plan. Copies of the monitoring well inspection 

forms, low-flow purge data sheets, and ground water sample log sheets are provided in Appendix B. 

When appropriate, the pumping rates were adjusted to prevent drawdown from exceeding 0.3 foot during 

purging. Slow recovering wells were identified and purged at the beginning of the workday. If possible, 

samples were collected from these wells within the same 24-hour period. Well purging continued until all 

parameters stabilized and the minimum purge volume (stabilized well volume plus the extraction tubing 

volume) was removed. If the water quality parameters did not stabilize within 4 hours or after three well 

volumes were purged, this information was recorded on the well purge log sheet and sampling was 

initiated. 

Purge water was pumped into appropriate containers and discharged into the NSWC-permitted sheet 

wastewater treatment plant via the sanitary sewer system (see Section 2.1 3). 
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Monitoring wells were sampled using the same pump (peristaltic or bladder) and tubing used during well 

purging. Immediately following the purging process and before sampling, the temperature, pH, specific 

conductance, DO, ORP, and turbidity of the water sample were measured and recorded on the ground 

water sample log sheet (included in Appendix B.2). 

All sample containers were filled by allowing the pump discharge to flow gently down the inside of the 

container with minimal turbulence. Samples for volatile organic compounds (VOC) analysis were 

collected first, by the pipette method when using the peristaltic pump and filled directly when using the 

bladder pump. These samples were immediately sealed in 40-ml vials so that no headspace existed. 

Samples for semivolatiles, explosives, pesticideslpolychlorinated biphenyls (PCBs), dioxinslfurans, total 

metals, cyanide, nitritelnitrate, and dissolved metals analyses were collected next and in the order given 

(when applicable). Samples with turbidity values greater than 10 NTUs were field filtered for dissolved 

metals analyses using a 0.45 p in line filter. lmmediately after collection, samples were sealed, labels 

were completed, and samples were placed in a cooler maintained at 4OC. 

2.6.1.1 Ground Water-Level Measurements 

sma, 
Water-level measurements were obtained from each monitoring well prior to development and purging 

and sampling events. In addition, one synoptic round of water levels was taken from all wells present at 

each SWMU. Each SWMU-specific set of synoptic water-level measurements was obtained within a 

24-hour time period. Measurements were taken with an electrical water-level indicator (M-scope), using 

the top of the well riser as the reference point for determining depths to water. Synoptic water-level 

measurements for SWMUs 4, 5, and 10 were taken on January 16, 2001, and measurements for SWMU 

9 were taken on January 10, 2001. No precipitation events occurred during the synoptic water-level 

measurements at the four SWMUs. All measurements were taken in accordance with CTO 10 SOP 2. A 

notch andlor mark was placed at the top of the PVC riser pipe to ensure that measurements were taken 

from a consistent reference point. If a notch, mark, or surveyed reference point was not visible on the top 

of casing, a new mark was made (before it was resurveyed). Water-level measurements were recorded 

to the nearest 0.01 foot on a ground-water-level measurement form, provided in Appendix 8.7. 

2.6.1.2 Surface Water Flow Measurements 

Surface water flow measurements were taken at all surface water sample locations. The surface water 

(open channel flow) measurements were calculated using the velocity-area method. The flow rate was 

calculated by determining the mean velocity across a cross-section and multiplying this by the flow area at 
Ria. 

that point. Due to variations in the stream bottoms and widths, averages were used in most locations; the 
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resulting flow measurements, presented in gallons per minute (gpm), should be considered calculated 

estimates. Stream measurement calculation sheets can be found in Appendix 8.8. 

2.6.2 Soil Sampling 

2.6.2.1 Surface Soil Sampling 

A total of 43 surface soil samples were collected during the field investigation. The samples were 

collected from the ground surface to a maximum depth of 2 feet using DPT sampling techniques, a 

stainless-steel trowel, or a single-use,'dedicated plastic trowel at all soil boring locations. Upon sample 

retrieval, all samples were monitored for the presence of volatile organics with a PID or FID and then 

collected for lithologic and chemical analysis. Samples to be analyzed for organic parameters were taken 

first along the 1- to 2-foot soil interval, because near surface organic contaminants in the 0- to I-foot 

interval may have volatized. Samples for volatile organic compound (VOC) analysis were collected with 

Encore@ samplers, labeled, returned to the resealable bags, and placed in a cooler at 4°C immediately 

after collection. Sample aliquots for the other analyses were homogenized and collected from the 

remaining soil core material within the 0- to 2-foot depth interval and placed in a cooler at 4°C immediately 

after collection. All surface soil sampling information was recorded on the soil sample log sheet (included 

in Appendix B). 

2.6.2.2 Subsurface Soil Sampling 

A total of 40 subsurface soil samples were collected during the field investigation. Unlike the surface soil 

sample, which was pre-defined at depths of 0 to 2 feet bgs, a screening process was used to select each 

subsurface soil interval to be sampled and submitted for laboratory analyses. Screening was based on 

qualitative presence of volatile compounds using a PID or FID, visual observation of staining, or the depth 

to ground water during drilling. If volatiles were not elevated, staining was not observed, and ground water 

was not encountered above the pre-defined random interval, then the samples for laboratory analysis 

were collected from a randomly selected 2-foot interval to represent the exposure of receptors from 

subsurface soils. It should be noted that the work plan indicated that subsurface soil samples would be 

collected from a randomly selected 1 -foot interval. The sample interval was increased to a 2-foot interval 

to ensure collection of adequate sample volume for analyses (see Field Task Modification Request Form 

in Appendix B.9). All borings were drilled to depths no greater than 10 feet below the ground surface or 

until refusal was reached. 

Subsurface soil samples were collected from soil borings using direct-push 4-foot long, 2-inch diameter 

macro-core samplers. All subsurface soil sampling was done in accordance with CTO 10 SOP 7. Upon 
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sample retrieval, the soil to be analyzed for VOCs was collected first using Encore@ samplers, placed in 

resealable plastic bags, labeled, and placed into a cooler at 4°C immediately after collection. The 

remaining soil core was then mixed. Samples were then collected for other parameters [i.e., semivolatile 

organic compounds (SVOCs), metals, etc.] and mixed, placed into the required containers, immediately 

sealed, and placed into a cooler at 4°C. The 4-foot-long clear plastic sleeves inside the direct-push 

samplers were disposed of as described in Section 2.13. Any soil samples not selected for laboratory 

analyses based on field screening were discarded as described in Section 2.13. All pertinent field data 

were recorded on a soil sample log sheet and in the field logbook (copies of both can be found in 

Appendix B). 

2.6.3 Surface Water Sampling 

A total of 27 surface water samples were collected during the field investigation. Originally, 28 surface 

waterlsediment locations were proposed for sampling. One surface water sample (04SW06) could not be 

collected because no surface water was present at the location. Surface water samples were collected 

followiflg the sampling procedures in the FSP and CTO 10 SOP 5. All surface water samples were paired 

with a sediment sample at each location. 
M .  

Surface water sample collection started at a downstream location and proceeded in an upstream 

direction. This procedure was used to prevent suspended material from impacting the next downstream 

sample location. For the same reason, surface water samples were taken prior to the collection of 

sediment samples at each stream location. Surface water samples were collected at midstream and just 

below the water surface. For VOCs, sample containers were filled directly from the surface water body 

using no transfer bottle. For all other parameters, the water was sampled by directly or, when needed, 

with extra dedicated, unpreserved, clean glass and plastic sample bottles (glass amber transfer bottles 

were used for organic parameters, and polyethylene transfer bottles were used for inorganic and water 

chemistry parameters) supplied by the laboratory. Filtered and unfiltered surface water was collected for 

metals analysis. For filtration of surface water samples, unpreserved polyethylene bottles were also used 

to transfer samples prior to filtration. Filtration for dissolved metals analyses was performed by passing 

the sample aliquot through a 0.45 p in-line filter. Immediately after collection, samples were sealed and 

placed in a cooler at 4OC. 

Direct field measurements were taken at the time of sampling, including pH, specific conductance, 

temperature, turbidity, DO, and ORP. The stream width and depth, at the sample location, were 

measured, and the gallon per minute (gpm) flow rate was estimated. All pertinent field data were 
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recorded on a surface water sample log form and in the field logbook (copies of both can be found in 

Appendix 6). 

2.6.4 Sediment Sampling 

A total of 28 sediment samples were collected from stream locations at the four SWMUs. All the sediment 

samples were paired with a surface water sample, with the exception of sediment sample 04SD06, which 

did not have an accompanying surface water sample. Sediment samples were collected following the 

sampling procedures in the FSP and CTO 10 SOP 6. 

After the surface water sample was collected at a location, a sediment sample was collected in the same 

vicinity in a depositional area. Depositional areas had slow moving water with predominantly fine (clay and 

silt) particles present in the streambed. Sediment samples were collected to a maximum depth of 

6 inches. Decontaminated stainless-steel or disposable plastic trowels were used to collect sediment 

samples with care taken to capture fines. Samples for VOC analysis were taken first using Encore@ 

samplers directly filled from the depositional area, labeled, returned to the resealable bags, and placed 

into a cooler at 4°C immediately after collection. Samples for the other parameters were mixed in-situ 

using stainless-steel or disposable plastic trowels, placed into the required containers, immediately 

sealed, labeled, and placed into a cooler at 4OC. At the completion of sampling, all locations were marked 

with labeled, wooden survey stakes. Fluorescent flagging was tied to the stakes and to nearby trees to 

facilitate identification of the sample locations for surveying. All pertinent field data, including sample 

method: depth, description, and location, were recorded on a soil and sediment sample log sheet and in 

the field logbook (copies of both can be found in Appendix 6). 

2.7 FIELD SAMPLE DOCUMENTATION 

Sample documentation consisted of the completion of chain-of-custody (COC) forms, site logbooks, 

matrix-specific sample logsheets, equipment calibration sheets, and health and safety documentation. 

Field documentation was discussed in the FSP and CTO 10 SOP 11. The sample logsheets contain 

information such as container source and description, sample type, and time, date, and method of sample 

collection. Any problems or unusual circumstances encountered during sample collection were noted on 

the form. Copies of all sample logsheets, boring logs, field logbooks etc. are contained in Appendices El 

and C. Copies of the Health and Safety logs are maintained at the CTO 10 file at the TtlVUS Pittsburgh, 

Pennsylvania office. 
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2.8 SAMPLE HANDLING, PACKAGING, AND SHIPMENT 

Sample handling activities included the field-related considerations concerning the selection of sample 

containers, preservatives, allowable holding times, sample custody, and maintaining samples at 4°C. 

Sampling containers were wrapped in plastic bubble wrap and placed in a sealed Ziploc@ plastic bag to 

minim~ze the possibility of breakage during transport. The secured sample containers were then placed in 

a cooler lined with a large plastic garbage bag. The cooler was packed with a cushioning material (bubble 

wrap) to prevent container breakage. Samples were cooled with ice placed around the sample containers. 

A temperature blank was placed in the cooler prior to shipment. The inside plastic garbage bag was 

sealed with a knot, and the COC form was sealed in a Ziploc@ plastic bag and taped to the inside of the 

cooler lid. The cooler was sealed at both ends using strapping tape. A signed and dated custody seal 

was applied to the cooler, underneath the last wrap of strapping tape, to provide a tamper-evident seal. A 

~ e d ~ x '  airbill was applied to the shipping cooler. TtNUS maintained custody of the samples until they 

were relinquished to the carrier. The FedEf l  tracking number (airbill) was recorded on the COC form, 

and if needed, the sender's copy of the airbill was maintained for shipment tracking. All samples were 

shipped to the laboratory using overnight shipping and received within sample holding times. The 

procedures for sample preservation, packing, and shipment can be found in the FSP and CTO 10 SOP , , 
12. The procedures used to maintain sample custody requirements are described in the FSP and CTO 10 

SOP 11. 

2.9 QUALITY CONTROL (QC) SAMPLES 

QC samples were collected and generated during sampling activities to monitor both field and laboratory 

procedures. These procedures are detailed in the QAPP and FSP. QC samples included field duplicates, 

source water blanks, equipment rinsate blanks, trip blanks and temperature blanks. A summary of quality 

assurancelquality control (QNQC) samples is included in Tables 2-5 through 2-8. These types of QC 

samples are briefly described below: 

Field Duplicates - Field duplicates were two samples collected either independently at a sampling 

location at approximately the same time in the case of ground water and surface water or as a single 

sample split into two portions in the case of soil and sediment. Field duplicates were collected at the 

rate of 1 in 10 per medium, per SWMU, and used to assess the overall precision of the sampling and 

analysis program. 

E~uipment Rinsate Blanks - Equipment rinsate blanks were obtained under representative field -t 

conditions by collecting the rinse water generated by running analyte-free water through or over 
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sample collection equipment after decontamination and before use. One equipment rinsate blank per 

10 samples per aqueous matrix and 20 samples per solid matrix was collected for each type of 

sampling equipment used (i.e., bailer, macro-core sampling shoe, etc.) on a daily basis. However, 

when pre-cleaned, dedicated, or disposable sampling equipment was used, one equipment rinsate 

blank was collected as a batch blank. Additionally, bladder pump equipment rinsate blanks were 

collected at a rate of one equipment rinsate blank for every five samples (see the field task 

modification request form in Appendix B.9). Equipment rinsate blanks were analyzed for the same 

chemical constituents as the associated environmental samples. 

T r i ~  blanks - Trip blanks were used to determine whether contamination of the VOC samples or 

bottleware had occurred during transit or storage. Trip blanks consist of analyte-free water taken from 

the laboratory to the site and returned to the laboratory. Trip blanks were analyzed for VOCs only. 

One trip blank was submitted to the laboratory in each cooler that contained samples for VOC 

analyses. 

Source water blanks - Source water blanks were obtained by sampling the analyte-free water and 

potable water source(s) used for decontamination of sampling equipment. Source water blanks were 

used to determine whether the analyte-free water and the potable water (used for steam cleaning) 

contributed to sample contamination. 

Temperature blanks - Temperature blanks were used to determine if samples were adequately cooled 

during shipment. Temperature blanks consist of analyte-free water poured in a sample container at 

the site. One temperature blank was submitted to the laboratory in each cooler and the temperature 

was checked upon receipt at the laboratory. 

2.1 0 FIELD INSTRUMENT MEASUREMENTS 

Field measurements were taken and recorded during field sampling operations. These measurements 

included PIDIFID measurements, water temperature, pH, turbidity, specific conductance, ORP, DO, and 

ground water-level measurements. Ambient air measurements included monitoring of organic vapors in 

the breathing zone during intrusive field investigation activities and monitoring of organic vapors 

emanating from site sources such as soil samples and well casings. Several instruments used during 

field activities to achieve these measurements included the following: 

PID and FID 

YSI Model 6 series, Multi-Parameter Water Quality Meter 
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M-scope 

Lamotte 2020 Turbidity Meter 

The YSI Model 610 DM was used for both ground water and surface water measurements. CTO 10 SOP 

13 in the FSP provides additional details concerning the PID. 

2.10.1 Equipment Calibration 

As a rule, instruments used in the field were calibrated daily prior to use. These instruments were 

calibrated according to manufacturers' requirements. Equipment calibration logs can be found in 

Appendix B.lO. 

2.1 1 SURVEYING 

All new and existing monitoring wells, soil borings, surface soil locations, surface water, and sediment 

sample locations associated with this sampling event were surveyed. The top of the riser pipe (where the 

uncapped well riser is notched), the top of the protective casing, and the ground surface elevation at each 
.-* 

monitoring well location were surveyed to within 0.01 foot vert~cal accuracy. For all other locations, the 

ground surface elevation was surveyed to the nearest 0.10 foot. Vertical elevations were referenced to 

the 1988 National Geodetic Vertical Datum (NGVD88). Existing survey monuments around NSWC Crane 

were used as reference points. Horizontal locations of samples, borings, and wells were surveyed to 

Indiana State Plane coordinates within the nearest 0.10 foot and referenced to the 1983 North American 

Datum (NAD83). All surveying was subcontracted to Bledsoe Tapp & Rigger, Inc., of Bloomington, 

Indiana. Copies of the survey data can be found in Appendix D. 

2.12 DECONTAMINATION 

The equipment involved in field sampling activities was decontaminated before beginning work, during 

drilling and sampling activities, and at the completion of the project. This equipment included drilling rigs, 

. down-hole tools, augers, well casing and screens, and soil and water sampling equipment. 

2.12.1 Maior Equipment 

All downhole equipment, including downhole drilling tools, were cleaned with high-pressure hot water 

between boreholes and at the conclusion of the drilling program. 
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Well casing and screens were supplied at the site in certified clean packaging. All decontamination 

activities took place at a predetermined area within NSWC Crane. Additional requirements for drilling 

equipment decontamination are found in CTO 10 SOP 9. 

2.12.2 Sampling Equipment 

All nondedicated reusable sampling equipment used for collecting samples was decontaminated both 

before field sampling and between samples. This equipment included trowels, macro-core sampler shoe, 

mixing bowls, bladder pump, etc. The following decontamination steps were taken: 

Potable water, phosphate-free detergent wash (scrub if necessary) 

Potable water rinse 

Deionized (Dl) water rinse 

Air dry (if possible) 

Wrap in aluminum foil (if not to be used immediately) 

Note: An isopropanol rinse was not necessary because no oily residue was evident on the sampling 

equipment. 

Field analytical equipment such as pH, conductivity, and temperature probes were rinsed first with analyte- 

free water, then with the sample liquid. Water-level measurement devices were rinsed with potable water. 

2.1 3 INVESTIGATION-DERIVED WASTE HANDLING 

Field investigations generated several types of potentially contaminated wastes, personal protective 

equipment (PPE), drill rig decontamination fluids, sampling equipment decontamination fluids, DPT plastic 

sleeves, purge water and development water, and soil cuttings. Based on the activities and types of 

contaminants present, none of the residues represented a significant risk to human health or the 

environment when properly managed. Management of each residue was performed as follows. 

PPE, Pump Tubinq and DPT Plastic Sleeves - All PPE, tubing, and plastic sleeves were decontaminated, 

double bagged, and placed in NSWC Crane trash receptacles (i.e., dumpsters) after being used. 

Purqe Water, Development Water, Drill and Samplinq Equipment Decontamination Fluids - All well 

development and purge waters and equipment decontamination fluids were collected and stored in 

containers on site. These fluids were discharged to the NSWC Crane permitted waste treatment plant. 
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Waste Cuttinas and Rock Cores from Drillina Activities - For each boring, the cuttings that were produced 

were scanned for VOCs. VOC readings were at background levels for all borings and all cuttings were; 

therefore, used as backfill if the boring was above the water table. Any remaining cuttings were spread on 

the ground in the immediate vicinity of the boring. 
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TABLE 2-1 

MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 

Notes: 
1 =Total depth of boring, total depth of well may be less. 
2 = Water-level measurements taken on January 16, 2001. 
bgs = below ground surface. 
btor = below top of riser. 
msl = mean sea level (NGVD 1988). 
NA = Well construction data not available. 
* These wells are downslope of ridge. The uppermost piezometric surface is equivalent in elevation to the lower piezometric surface atop the ridge. 

Depth to  

(ft btor) 

31.26 

Aquifer 

Shallow, 
Unconsolidated 

Shallow, 

Well 
Number 

'0401 

Ground 
Water 

 levat ti on'^' 
(ft msl) 

565.42 

Installation 
Date 

9/9/81 

Ground 
Elevation 
(ft msl) 

594.53 

Top of Riser 
Elevation 

(ft rnsl) 

596.68 

Total 
Depth 

(ft bgs)(" 

40.00 

Screened Interval 

TOP 
(ft bgs) 

25.30 

TOP 
(ft msl) 

569.23 

Bottom 

(ft bas) 

34.50 

Bottom 
(ft msl) 

560.03 



TABLE 2-2 

MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 5 - OLD BURN PIT 

NSWCENTER CRANE, CRANE, INDIANA 

Notes: 
1 = Total depth of boring; total depth of well may be less. 
2 = Water-level measurements taken on January 16,2001. 
bgs = below ground surface. 
btor = below top of riser. 
msl = mean sea level (NGVD 1988). 
NA = Well construction data not available. 

These wells are downslope of ridge. The uppermost piezometric surface is equivalent in elevation to the lower piezometric surface atop the ridge. 

05T01 
05T02 
05T03 

12/4/00 
1 2/3/00 
1212100 

586.67 
570.99 
551.65 

589.10 
572.86 
554.07 

15.00 
18.00 
15.00 

5.00 
8.00 
5.00 

15.00 
18.00 
15.00 

581.67 
562.99 
546.65 

571.67 
552.99 
536.65 

Shallow, Unconsolidated 
Shallow, Unconsolidated 
Shallow, Unconsolidated 

5.96 
12.88 
3.78 

583.14 
559.98 
550.29 



TABLE 2-3 

MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 9 PESTICIDE CONTROUR-150 TANK AREA 

NSWCENTER CRANE, CRANE, INDIANA 

Notes: 
1 = Total depth of boring; total depth of well may be less. 
2 = Wate- level measurements taken on January 16, 2001. 
bgs = below ground surface. 
btor = below top of riser. 
msl = mean sea level (NGVD 1988). 
NA = Well construction data not available. 
* These wells are downslope of ridge. The uppermost piezometric surface is equivalent in elevation to the lower piezometric surface atop the ridge. 
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MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 10 ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 10 ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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TABLE 2-4 

MONITORING WELL CONSTRUCTION INFORMATION AND WATER-LEVEL MEASUREMENTS 
SWMU 10 ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Lower Penn 
GolcondaIHaney Limestone 17.31 633.71 

10C61 8/16/1990 594.45 1 597.30 32.50 17.00 27.00 577.45 567.45 Sample formation (?) SS 5.73 591.57 

Notes: 
1 =Total depth of boring; total depth of well may be less. 
2 = water-level measurements taken on ~ a n u a b  16, 2001. 
bgs = below ground surface. 
btor = below top of riser. 
msl = mean sea level (NGVD 1988). 
NA = Well construction data not available. 

These wells are downslope of ridge. The uppermost piezometric surface is equivalent in elevation to the lower piezometric surface atop the ridge. 

Note: The information in this tablewas taken from the "RFI Phase Ill Ground Water Characterization Study'(U.S. ACE WES, August 1998). 



TABLE 2-5 

SUMMARY OF QAlQC SAMPLES 
FIELD DUPLICATES 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

SWMU 4 

Location Sample 
Number 

04SS02 

04SB07 

SWMU 5 

04SWlSD03 

04SWlSD03 

Media 

FD11290001 

FD11290002 

FD12180001 

FD12180002 

05T02 

05 09 

Associated Sample 
Number 

Soil 

Soil 

Surface 

Water 

Sediment 

FD01060102 

FD01090101 

Analyses 

04SSO2 0102 / 0002(') 

04SB07 0102 / 0002(') 

04SW0301 

04SD030006 

Ground 

Water 

Ground 

Water 

X 

X 

App. IX 
Herbicides 

App. IX 
VOCs 

(82606) 

X 

X 

05GWT0201 

05GW0901 

App. IX 
SVOCs 

App. IX 
VOCs 

(801 58) 

X 

X 

App. IX 
Pest./ 
PCBs 

App. IX 
Metals 

X 

X 

X 

X 

X 

X 

Ca, Fe, 

Mn, Mg, 
K, Na 

X 

X 

X 

X 

X 

X 

Cyanide 

X 

X 

X 

X 

Miscellaneous 

- 

X 

X 

X 

X 

X 

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

N A 

N A 

X 

X 

X 

X 

N A 

N A 

X 

X 

DioxinsIFurans 

DioxinsIFurans 



TABLE 2-5 

SUMMARY OF QAlQC SAMPLES 
FIELD DUPLICATES 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Location Sample 
Number 

Media 

09SB03 FD 1 1 300002 Soil 09SB03 0102 / 0002(') X X X 

09SB02 FD11300003 Soil 09SB020608 X X X 

09SB04 FD12040001 Soil 09SB04 0102 / 0002(') X X X 

09SW/SD04 FD12130002 Sediment 09SD040006 X X X 

09SW/SD04 FD12130001 Surface 09SW0401 X X X 

Water 

09T05 FDO1300101 Ground 09GWT0501 X X X 
Water 

09 10 FD01310101 Ground 09GW1001 X X X 
Water 

SWMU 10 

--- 1 --- I X I X I X I Explosives 

SWMU 9 

Associated Sample 
Number 

--- 
--- 
--- 

--- I --- 1 x ( ~ )  1 x ( ~ )  1 X 1 Explosives 

--- I --- 1 x ( ~ )  1 ~ ( ~ 1  1 X I Expbsiver 

Analyses 

--- 
--- 

--- 

--- 

--- 
--- 

--- 

X 

1 OSBOl 

1 OSB03 

1 0SW/SDO6 

1 0SW/SDO6 

1OSWlSD12 

10SW/SD12 

10 02 

10 C55 

App. IX 
v o c s  

(82608) 

--- 

X 

--- 

--- 
--- 

--- 

--- 

--- 

FD12050001 

FD12120001 

FD12160001 

FD12160002 

FD12170002 

FD12170001 

FDOl060101 

FD01210101 

--- 
--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

X 

X 

X 

X 

Soil 

Soil 

Surface 
Water 

Sediment 

Sediment 

Surface 

Water 

Ground 

Water 

Ground 

Water 

X 

X 

X 

--- 

--- 

lOSB010810 

1 OSB030002 

10SW0601 

10SD060006 

1 OSDl20006 

1OSW1201 

10GW0201 

10GWC5501 

App. IX 
v o c s  

(801 58) 

X 

X 

X 

--- 

--- 

Cyanide A 

S 
PCBs 

Explosives 

Explosives 

Explosives 

Miscellaneous 

X 

X 

X 

X 

X 

X 

Explosives 

Explosives 



TABLE 2-5 

SUMMARY OF QAlQC SAMPLES 
FIELD DUPLICATES 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

1 Surface soil samples were collected for VOC analyses from the 1 to 2 feet interval and the remaining analyses were collected from the 0 to 2 feet interval 
2 Both total and dissolved metals analyses were performed. 

App. IX = Appendix IX Ca = Calcium 
PesWPCBs = Pesticides and Polychlorinated biphenyls NO4 = Nitrate 
Fe = Iron K = Potassium 
Mg = Magnesium SVOCs = Semivolatile organic compounds 
Mn = Manganese VOCs = Volatile organic compounds 
NA = Not analyzed Na = Sodium 



TABLE 2-6 

SUMMARY OF QAlQC SAMPLES 
RINSATE BLANKS 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Sample 
Number 

RB11280001 

RBI 1290001 

RB01030101 

RB01050101 

RB02190101 

RBI 13001 01 

RB12130001 

RB12180001 

RB01080101 

RB12040001 

RBI2050001 

RBI2120001 

RB12140001 

RBO1290101 

~ ~ 1 2 1 6 0 0 0 1 ~  

RB01180101 

RB01190101 

SWMU 

4 

4 and 5 

4 

4 and 5 

4 

5and 9 

5 

5 

5 

9 

9 

9 

9 

9 

10 

10 

10 

Apparatus 

Plastic  rowel(^) 

DPT Plastic ~ i n e r ( ~ )  

Bladder Pump 

Silicone Tubing and Teflon 
Tubing using Peristaltic 

DPT Steel Cutting Shoe 

DPT Steel Cutting Shoe 

DPT Steel Cutting Shoe 

Plastic  rowel(^) 

Bladder Pump and Teflon 
Tubing 

DPT Steel Cutting Shoe 

DPT Steel Cutting Shoe 

DPT Steel Cutting Shoe 

Stainless Steel Trowel 

Bladder Pump and Tubing 

Plastic  rowel(^) 

Teflon  ladder(*) 

Bladder Pump with PE 
Bladder and Tubing 

Miscellaneous 

N A 

DioxinslFurans 

N A 

Explosives, DioxinslFurans 

N A 

N A 

DioxinslFurans 

Dioxins/Furans 

Explosives, DioxinslFurans 

N A 

Explosives 

Explosives 

N A 

N A 

Explosives 

Explosives 

Explosives 

Analyses 

App. IX 
Metals 

X 

X 

X 

xu) 

X 

X 

X 

X 

X 

X 

X 

~ ( 1 )  

X 

N A 

X 

X 

App. IX 
VOCs 

(82606) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

X 

X 

N A 

X 

N A 

App. IX 
Pest./ 
PCBs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

X 

X 

N A 

N A 

N A 

Ca, Fe, 

Mn, Mg, 
K, Na 

X 

X 

X 

~ ( 1 )  

X 

X 

X 

X 

X 

X 

X 

XU) 

X 

N A 

X 

X 

App. IX 
Herbicides 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

X 

X 

N A 

N A 

N A 

App. IX 
VOCs 

(80156) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

X 

X 

N A 

X 

N A 

Cyanide 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

X 

X 

App. IX 
SVOCs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

X 

X 

X 

N A 

N A 

N A 



TABLE 2-6 

SUMMARY OF QAlQC SAMPLES 
RINSATE BLANKS 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 Both total and dissolved metals analyses were performed, 
2 Batch rinsate on disposable equipment. 

App. IX = Appendix IX 
Fe = Iron 
Mg = Magnesium 
Mn = Manganese 
NA = Not analyzed 
Na = Sodium 

PesWPCBs = Pesticides and Polychlorinated biphenyls 
K = Potassium 
SVOCs = Semivolatile organic compounds 
VOCs = Volatile organic compounds 



TABLE 2-7 

SUMMARY OF QAlQC SAMPLES 
TRIP BLANKS 

NSWC CRANE, CRANE, INDIANA 

App. IX = Appendix IX 
VOCs = Volatile organic compounds 



TABLE 2-8 

SUMMARY OF QAIQC SAMPLES 
MATRIX SPIKUMATRIX SPIKE DUPLICATES 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

SWMU 4 

Location Analyses 

04SS02 

04SWlSD03 

04SWlSD03 

04T03 

04SB12 

SWMU 9 

Sample Number Media 

App. IX 

VOCs 

(82608) 

SWMU 5 

04SS02 01 02 1 0002(') 

04SW0301 

04SD030006 

04GWT0301 

04S812 01 02 1 0002(') 

X 

X 

~ ( 2 )  

X 

05SB03 

05SWlSD05 

05SWlSD02 

05T02 

App. IX 
VOCs 

(801 58) 

App. IX 
Metals 

X 

X 

X 

X 

X 

Soil 

Surface 

Water 

Sediment 

Ground 

Water 

Soil 

Soil 

Sediment 

Surface 

Water 

Ground 

Water 

05SB03 0102 I 0002(') 

05SD050006 

05SW0201 

05GWT0201 

Ca, Fe, Mn, 

Mg, K, Na 

Cyanide 

X 

X 

X 

X 

X 

X 

X 

X 

X 

App. IX 
SVOCs 

Miscellaneous 

X 

X 

X 

X 

X 

X 

X 

X 

X 

DioxinsIFurans 

DioxinsIFurans 

DioxinslFurans 

DioxinslFurans 

I 

Soil 

Soil 

Surface 

Water 

Sediment 

Ground 

Water 

09SB03 

09SB09 

09SWlSD05 

09SWlSD05 

09T05 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

09SB03 01 02 1 0002(') 

09SB09081 0 

09SW0501 

09SD050006 

09GWT0501 

X 

X 

X 

X 

X 

App. IX 
Pest.lPCBs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

App. IX 
Herbicides 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

~ ( 2 )  

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

N A 

N A 

N A 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

X 

N A 

N A 

N A 

N A 

N A 



TABLE 2-8 

SUMMARY OF QAlQC SAMPLES 
MATRIX SPIKEIMATRIX SPIKE DUPLICATES 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Media Location I Analvses I Sample Number 

App. IX App. IX App. IX App. IX 

VOCs VOCs SVOCs Pest./PCBs Herbicides 
(82608) (801 5B) 

SWMU 10 

1 Surface soil samples were collected for VOC analyses from the 1 to 2 feet interval and the remaining analyses were collected from the 0 to 2 feet interval. 
2 Both total and dissolved metals analyses were collected. 

App. IX = Appendix IX 
PesVPCBs = Pesticides and Polychlorinated biphenyls Ca = Calcium 
Fe = Iron K = Potassium 
Mg = Magnesium SVOCs = Semivolatile organic compounds 
Mn = Manganese VOCs = Volatile organic compounds 
NA = Not analyzed Na = Sodium 

1 OSB03 

1 OSWlSDO6 

lOSWlSDO6 

1 OC55 

1 OSB030002 

1 OSD060006 

10SW0601 

10GWC5501 

, 

Soil 

Sediment 

Surface 
Water 

Ground 

Water 

N A 

N A 

N A 

X 

N A 

N A 

N A 

X 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

X 

X 

~ ( 2 )  

X 

X 

X 

~ ( 2 )  

X 

X 

X 

X 

X 

Explosives 

Explosives 

Explosives 

Explosives 
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3.0 GENERAL DATA EVALUATION PROCEDURES 

This section contains a description of the general data procedures utilized for the evaluation of human 

health and ecological risks to receptors exposed to contaminants from SWMUs 4, 5, 9, and 10. Section 

3.1 provides an evaluation of the data quality. Section 3.2 contains information on various aspects of 

contaminant fate and transport and the chemical properties affecting contaminant transport at SWMUs 4, 

5, 9, and 10. Section 3.3 presents the general methodologies and procedures used to conduct baseline 

human health risk assessments. Section 3.4 presents the general methodologies used to conduct 

screening-level ecological risk assessments. 

3.1 DATA QUALITY REVIEW AND MANAGEMENT 

The field and laboratory data collected during the investigation for each SWMU were used to determine 

whether the level of the constituents present at the site poses an adverse human health or ecological 

impact. When interpreting the investigative data, it is helpful to understand the technical quality of the 

data relative to the quality specifications developed during project planning. To achieve this, the QC 

results associated with each analytical parameter for each matrix were compared with the measurement 

quality objectives presented in the QAPP. Only data generated in association with QC results that met 

these objectives were considered usable for quantitative purposes. Data that did not meet the 

quantitative measurement quality objectives are not necessarily useless but, if used, should be used with 

an understanding of their limitations. The discussions below should help the data user understand any 

data use limitations. 

3.1 .I Proiect Obiectives 

Project objectives, presented in terms of data quality objectives (DQOs), are presented in Tables 5-5 

(McComish Gorge), 6-5 (Old Burn Pit), 7-5 (Pesticide ControlIR-150 Tank Area), and 8-5 (Rockeye) of the 

Risk Assessment Work Plan (TtNUS, August 2000a) and are as follows: 

Determine human health and ecological risks for potential receptors exposed to- site media under 

current and future land use. 

Determine whether there has been a release of hazardous constituents to off-SWMU surface water 

and sediment. 
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3.1.2 Data Qualitv Indicators 

Data quality indicators (DQls) are parameters that are monitored to help establish the quality of data 

generated during an investigation. Some of the DQls are generated from analysis of field samples (e.g., 

from field duplicates), and others result from the analysis of laboratory samples (e.g., laboratory 

duplicates). Individually, field and laboratory DQls provide measures of the performance of the respective 

investigative operations (field or laboratory). Taken together, the DQls provide a measure of the overall 

analytical performance. An overall evaluation of DQls may also be used to improve the investigative 

process by identifying where in the process major uncertainties or biases are occurring. 

3.1.2.1 Precision 

Precision is a measure of the degree to which two or more measurements are in agreement and 

describes the reproducibility of measurements of the same parameter for samples analyzed under similar 

conditions. 

Precision is expressed as a relative percent difference (RPD), which is defined as the ratio of the range to 

the mean. RPDs, which are typically expressed as percentages, are used to evaluate both field and 

laboratory duplicate precision and are calculated as follows: 

Iv1- vq 
RPD = x 100 

(v1+ v2)/2 

where RPD = relative percent difference 

V1, V2 = two results obtained by analyzing duplicate samples 

Field precision is assessed by collecting and measuring field duplicates at a rate of one duplicate per 10 

environmental samples. This precision estimate encompasses the combined uncertainty associated with 

sample collection, homogenization, splitting, handling, laboratory and field storage (as applicable), 

preparation for analysis, and analysis. In contrast, precision estimates obtained from analyzing duplicate 

laboratory samples incorporate only homogenization, subsampling, preparation for analysis, laboratory 

storage (if applicable), and analysis uncertainties. Refer to Table 3-1 for a summary of ratios of field 

duplicates to environmental samples. Field duplicates were collected at a rate of one duplicate per 10 

environmental samples, with the exception of sediment samples for SWMU 10, where one field duplicate 

was collected for 12 samples. This deviation does not affect the usability of the data in support of the 
"-4 

project objectives. 
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Laboratory precision QC samples [i.e., laboratory duplicates for inorganic chemicals and matrix spike 

duplicates (MSDs) for organic chemicals] were analyzed with a minimum frequency of five percent (i.e., 

one QC sample per 20 environmental samples). Laboratory precision is measured by comparing RPD 

values to precision control limits specified in the applicable analytical SOPS. Refer to Table 3-2 for a 

sqmmary of matrix spikes to environmental sample ratios. Matrix spikes were collected at a rate of one 

matrix spike per 20 environmental samples. 

The precision objectives for parameters are specified in the associated analytical protocols. General 

precision objectives such as rt30 percent RPD for solid matrices and Q 0  percent RPD for aqueous 

matrices were employed for this project for both field and laboratory duplicates. Qualification rates 

represent the percentage of RPD values that fall outside the 30 percent RPD or 20 percent RPD 

acceptance windows. A zero percent qualification rate indicates that no data were qualified due to 

duplicate imprecision and represents the best possible performance with regard to this quality measure. 

In general, qualification due to imprecision was not a significant cause of data qualification and does not 

impact the usability of the data (see Table 3-3). U.S. EPA Region 5 data validation guidelines do not 

require the qualification of organic parameters on the basis of field duplicate imprecision. The greatest 

rate of field duplicate imprecision was observed for metals at SWMU 5 (40 percent in surface and 

subsurface soils). The greatest rate of RPD-based qualification at SWMU 9 was 18 percent in surface 

and subsurface soils, and at SWMU 10 it was 25 percent in sediments. This implies that the 30 percent 

RPD limit is probably too low for these soils. A field duplicate imprecision rate of up to 50 percent was 

observed in sediments at SWMU 10 for miscellaneous parameters [cyanide, Total Organic Carbon (TOC), 

nitritehitrate]. This kind of imprecision is not unusual in potentially heterogeneous matrices such as soils 

and sediments, and is one reason that data qualification is not necessary when RPD values are relatively 

high. All other qualification rates were 10 percent or less. Field duplicate imprecision does not impact the 

usability of the data and is interpreted to be a reflection of natural matrix heterogeneity. 

3.1.2.2 Accuracy 

Accuracy is the degree of agreement between an observed value and an accepted reference value. This 

parameter is assessed by measuring spiked samples [e-g., surrogate spikes or matrix spikes (MSs)] or 

well-characterized samples of certified analyte concentrations [e.g., Laboratory Control Samples (LCSs)] 

and by measuring blanks. Accuracy measurements are designed to detect biases resulting from sample 

handling and analysis. 
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Accuracy requirements for field measurements are typically ensured through control over the sample 

collection and handling and through routine instrument calibration. Accuracy is also typically monitored 

through the use of blanks to detect cross-contamination and by monitoring adherence to procedures that 

prevent sample contamination or degradation. Equipment rinsate blanks were collected for this 

investigation to assess whether cross-contamination may have occurred via sample collection equipment. 

Source water blanks were collected to monitor the purity of water used to decontaminate sampling 

equipment. Accuracy was also assured qualitatively through adherence to all sample handling, 

preservation, and holding time requirements. 

Accuracy in the laboratory is measured through the comparison of a spiked sample or LCS result to a 

known or calculated value and is expressed as a percent recovery (%R). It is also assessed by 

monitoring the analytical recovery of select surrogate compounds added to samples. that are analyzed by 

organic chromatographic methods. MS and surrogate compound analyses measure the combined 

accuracy effects of the sample matrix, sample preparation, and sample measurement. LCSs are used to 

assess the accuracy of laboratory operations with minimal sample matrix effects. The QAPP indicated 

that spiking concentrations equal or approximate the default concentrations detailed in the applicable 

sample preparation or analysis SOPS. LCS and MS analyses were performed at a frequency no less - 
than one per 20 associated samples of like matrix, as required by the work plan. Laboratory accuracy is 

assessed by comparing calculated %R values to accuracy control limits specified in the applicable 

laboratory SOP. 

Percent recovery is calculated using the following equation: 

where %R = percent recovery 

Ss = result of spiked sample 

So = result of non-spiked sample 

S - - concentration of spiked amount. 

In general, a percent recovery range of 75 to 125 defines the accuracy objective for the analytical data. 

However, the analytical laboratory establishes analyte-specific percent recoveries. Table 3-4 depicts the 

qualification rates for MS, LCS, surrogate, and internal standard recoveries. Qualification rates greater 

than 10 percent have been bolded. No significant trends were observed that would adversely impact *wra 

usability of the data. The matrix spikes are the parameters exhibiting the greatest qualification rates for 
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metals. This is consistent with the apparently heterogeneous matrix that is revealed in the precision 

qualification rates discussed in the previous section. Percent recovery computations are based on two 

different sample aliquots. One aliquot is spiked and the other is not spiked, then the analytical results are 

compared to compute the percent recovery. If the sample is naturally heterogeneous, this heterogeneity 

can, and will on average, be manifested in scattered percent recovery results. 

3.1.2.3 Completeness 

Completeness is a measure of the amount of usable, valid analytical data obtained compared to the 

amount expected to be obtained. Completeness is expressed as a percentage. 

Field completeness is a measure of the amount of valid field measurements obtained from all the field 

measurements taken in the project. A completeness criterion of 100 percent applies to these 

measurements. 

Laboratory completeness is a measure of the amount of usable, valid laboratory measurements per 

matrix obtained for each target analyte. Usable, valid results are those that are judged, after data 

assessment, to represent the sampling populations and to have not been disqualified for use through data 

validation or data assessment. Completeness is typically expressed as a percentage and is determined 

using the following equation: 

where %C = percent completeness 

v - - number of results determined to be valid 

T - - Total number of results 

Under ideal conditions, the laboratory completeness objective would be 100 percent. However, samples 

can be rendered unusable during shipping and preparation (i.e., bottles broken or extracts accidentally 

destroyed) or analysis (i.e., loss of instrument sensitivity, strong matrix effects). Table 3-5 depicts the 

number of samples collected versus the work plan for each SWMU. With the exceptipn of one surface 

water sample that was dry, all samples listed in the work plan were collected. Table 3-6 depicts the total 

number of analytical data points, the total number of rejected data points, and the percent completeness 

per SWMU per matrix. Completeness ranged from 89.3 percent (SWMU 4 surface waters) to 100 percent 
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(SWMU 10 sediments and surface waters). Overall completeness for the project was 97.4 percent (1,048 

analytical data points out of 39,930 analytical data points were rejected). 

Tables 3-7, 3-8, 3-9, and 3-10 depict the rejected data points for each SWMU. Calibration 

noncompliances accounted for a majority of the rejected data points. However, many Appendix IX 

compounds are poor performers (i.e., relative response factors less than 0.05). The qualification of 

Appendix IX volatile and semivolatile organic compounds was not considered excessive and the 

qualifications are not areas in which the laboratory could improve performance. Other noncompliances 

included matrix spike recovery less than 10 percent, percent difference between chromatographic 

columns greater than 100 percent, and surrogate recovery, less than 10 percent. These indicators are 

assigned to matrix-related causes based on data validation guidelines and best laboratory practices, and 

therefore do not require corrective action on the part of the laboratory. Nevertheless, knowledge of these 

effects allows the data user to consider them qualitatively when interpreting the data. Four surface water 

pesticide1PCB samples from SWMU 4 were rejected due to holding time exceedance greater than 

14 days from time of collection to time of extraction. The exceedances were caused in part by delays by 

the carrier in delivering the samples (bad weather delayed the samples in transit) to the laboratory and 

the Christmas holiday. TtNUS worked with the laboratory to prioritize sample extractions and minimize chh, 

rejection of the affected data. The impact of this situation is described in more detail in Sections 3.1.4.2 

and 4.4.4. ' Finally, a small percentage of the data were rejected due to blank spike recovery but the 

impact of these qualifications is not considered to be serious enough to interfere with the intended 

decision making. In summary, no corrective actions are indicated on the basis of data set completeness. 

3.1.2.4 Sensitivity 

Detection limits achieved during laboratory analyses were compared to the target method reporting limits 

in Table 1-1 of the QAPP contained in Appendix C of the Risk Assessment Work Plan (TtNUS, August 

2000a). The laboratory was able to meet the requested detection limits within normal variation due to 

percent solids and dilution factors. 

3.1.2.5 Comparability 

Comparability is defined as the confidence with which one data set can be compared with another (e.g., 

among samplihg points; among sampling events). This is a key parameter because data will be 

compared among sampling points (monitoring stations and reference locations) and sampling events (as 

part of trend analysis) to make interim decisions. Comparability is achieved by using standardized 
.a(huI 

sampling and analysis methods, as well as data reporting formats. Additionally, consideration is given to 
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seasonal conditions and other environmental variations that could exist to influence data results. 

Comparability of laboratory measurements was controlled primarily through the use and documentation of 

similar sampling and analytical methods. Results were reported in units to ensure comparability with 

previous data and with current state and federal standards and guidelines. Comparability of field data 

was assured by ensuring that the field sampling SOP was followed and that proper sampling techniques 

were used. It also depended on the recording of field measurements using the correct units. 

Comparability of laboratory measurements was assessed primarily through the use of spike recoveries 

and RPD values. 

Laboratory data were generated using methods specified in the QAPP. Results were also reported in the 

measurement units that are specified in the QAPP. The laboratory analyzed matrix and blank spikes. 

Field data were generated and reported using the methods and measurement units as specified in the 

Risk Assessment Work Plan (TtNUS, August 2000a). Sampling techniques as described in the Risk 

Assessment Work Plan (TtNUS, August 2000a) and field sampling SOPs were followed. 

3.1.2.6 Representativeness 

Representativeness is an expression of the degree to which the data accurately and precisely depict the 

actual characteristics of a population or environmental condition existing at an individual sampling point 

and is contingent on a good design for the sampling program. The project planning documents 

(monitoring plan and field and laboratory SOPs) and use of standardized sampling, handling, analytical, 

and reporting procedures are designed so that the final data are accurate representations of actual site 

conditions. A number of conditions could arise that cause the representativeness of samples to be 

questioned. For example, data outliers or samples collected from a place different from the intended 

location could adversely impact representativeness of the data set. 

Data were collected from the specified locations using sampling, handling, analytical, and reporting 

procedures as specified in the Risk Assessment Work Plan (TtNUS, August 2000a). Therefore, no data 

representativeness concerns have been raised. 

3.1.3 Field Qualitv Control Samples 

Trip blank, rinsate blank, ambient blank, source water blank, field duplicate, method blank, laboratory 

duplicate, laboratory control, and MS samples were analyzed to assess the quality of the data resulting 

from the field sampling and analytical programs. Information gained from these analyses further 
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..~ 
characterizes the level of data quality obtained to support project goals. Each of these types of field QC 

samples undergoes the same preservation, analysis, and reporting procedures as the related 

environmental samples. Each type of field QC sample is detailed below. 

Field duplicates are two samples collected either independently at the same sampling location in the case 

of ground water and surface water or as a single sample split into two portions in the case of soil or 

sediment. Field duplicates are collected and analyzed for chemical constituents to measure the precision 

of the sampling and analysis methods used. The general level of the QC effort was one field duplicate for 

every 10 or fewer investigative samples per medium. 

Trip blanks pertain to VOCs only and were submitted for analysis to provide the means to assess the 

quality of the data resulting from the samples collected from the four SWMUs. These blanks are used to 

assess the potential for contamination of VOCs resulting from contaminant migration into sample bottles 

and jars during sample shipment and storage. Trip blanks are prepared by the laboratory using organic- 

free reagent water before the sampling event. They are shipped to the site with the sample containers 

and kept with the investigative samples throughout the sampling event. They are then packaged for 

shipment with other VOC environmental samples and sent to the laboratory for analysis. At no time after - 
trip blank preparation were the trip blank sample containers opened before they reach the laboratory. 

One trip blank was included in each sample shipping container that contained VOC samples. 

Equipment rinstate blanks were used to assess the effectiveness of decontamination procedures. 

Equipment rinsate blanks were obtained under representative field conditions by collecting the rinse water 

generated by running analyte-free water through sample collection equipment after sampling and 

decontamination and then placing the rinse water in the appropriate sample container for analyses. One 

rinsate blank was collected per each type of sampling equipment used (i.e., pump, etc.) per day that 

sampling was conducted. If pre-cleaned, dedicated, or disposable sampling equipment was used, one 

rinsate blank per lot per type of equipment used was collected as a batch blank. Rinsate blanks were 

analyzed for the same chemical constituents as the associated environmental samples. 

Source water blanks are obtained by sampling the analyte-free water andlor potable water source(s) used 

for decontamination of sampling equipment. Source water blanks were used to determine whether the 

analyte-free water or the potable water (used for steam cleaning) may be contributing to sample 

contamination. One source water blank was collected for each source of water used for decontamination. 

MSs are investigative samples analyzed to provide information about the effect of the sample matrix on -"a 

the digestion and measurement methodology. All MSs for organic analyses were performed in duplicate 
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and, as previously defined, are referred to as MS/MSD samples. One MS or MS/MSD sample was 

collected or designated for every 20 or fewer investigative samples per medium. 

3.1.4 . Data Validation Procedures 

After receipt of analytical results, data validation was performed based upon U.S. EPA Region 5 Standard 

Operating Procedures for Validation of CLP Organic and lnorganic Data Review (U.S. EPA Region 5, 

1993a; 1993b), the National Functional Guidelines for Organic and lnorganic Data Review (U.S.EPA 

1994a; 1994b), and the analytical method to the greatest extent practicable for non-contract laboratory 

program (CLP) data. 

After the data were validated, a list of non-conformities requiring data qualifiers, which are used to alert 

the data user to inaccurate or imprecise data, was developed. For situations in which several QC criteria 

were out of specification, the data validator made professional judgments and/or comments on the validity 

of the overall data package. The reviewer then prepared a technical memorandum presenting 

qualification of the data, if necessary, and the rationale for making such qualifications. 

The net result is a data package that has been carefully reviewed for its adherence to prescribed 

technical requirements. One hundred percent of the environmental samples were validated. Validators 

incorporated data qualifiers (Section 3.1.4.1) into the electronic database and submitted the information to 

the data management group. The data validator generated a report describing data limitation that was 

reviewed internally by the data validation coordinator before submittal to the Task Order Manager (TOM). 

3.1.4.1 Data Validation Qualifiers 

As mentioned previously, the qualification of analytical data during the validation process (i.e., application 

of U, J, UJ, UR, and R qualifiers) was conducted as required by the U.S. EPA Functional Guidelines. The 

attachment of the data qualifiers to analytical results signifies the occurrence of QC noncompliances that 

were noted during the course of data validation. The various data qualifiers are defined, as follows: . 

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. 
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UJ - lndicates 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 - lndicates 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 - lndicates that the chemical may or 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 - lndicates that the chemical may or 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 - lndicates that the chemical was detected in 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 - lndicates 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. 

The preceding data qualifiers may be categorized as indicative of major or minor problems. Major 

problems are defined as issues that result in the rejection of data, qualified with UR and R data validation 

qualifiers. These data are considered invalid and are not used for decision-making purposes unless they 

are used in a qualitative way and the use is justified and documented. Minor problems are defined as 

issues resulting in the estimation of data, qualified with U, J, and UJ data validation qualifiers. Estimated 

analytical results are considered to be suitable for decision-making purposes unless the data use 

requirements are very stringent and the qualifier indicates a deficiency that is incompatible with the 

intended data use. It is notable that a "U" qualifier does not necessarily indicate a data deficiency 

because all non-detect values are flagged with the "U" qualifier even when no deficiency exists. 
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3.1.4.2 Summary of Data Validation Results 

A summary of the data validation results for the analytical data effort is provided in the remainder of this 

section. Table 3-1 1 presents the rates of qualification for those parameters not addressed in Section 

3.1.2, Table 3-4. Qualification rates in Table 3-1 1 represent data that were qualified based on lab blank 

contamination, calibration, holding time, linear range exceedance, percent difference between 

chromatographic columns, inductively coupled plasma (ICP) serial dilution, and ICP interferences. 

Two significant trends were noted in the data: holding times for the miscellaneous parameters resulted in 

the qualification of 35 percent to 81 percent of the data and methylene chloride showed up as a pervasive 

blank contaminant. The parameters most often affected by holding time exceedances were cyanide and 

soil pHs. Soil pH has a 24-hour holding time, which, due to shipping constraints, the laboratory was not 

able to meet. No corrective measures are recommended on this basis because pH is a parameter of 

secondary importance that provided information on potential contaminant mobility or perhaps even on the 

utility of certain remedial alternatives. Nevertheless, the data user should be aware pH was analyzed 

from 14 to 17 days after collection and; therefore, the pH values are estimated (J qualifier). The expected 

effect, if any, would be a depression of pH values from absorption of atmospheric gases such as carbon 

dioxide. This effect may be insignificant in soil samples, which have a natural pH buffering capacity. If 

more accurate pH values are needed in the future, consideration should be given to re-collecting samples 

for pH analysis. Cyanide has a 14-day holding time. The U.S. EPA Functional Guidelines for data 

validation allow for professional judgment during the data validation process in determining the data 

validation qualifier, especially in cases where sample preparation or analyses are conducted beyond the 

specified holding time but do not exceed twice the holding time. Aqueous cyanide samples have a 

14-day extraction and analysis holding time. The cyanide samples were extracted but not analyzed within 

the 14-day holding time. All cyanide extracts that exceeded the analysis holding time were analyzed 

within 20 days (e.g., less than 28-day or twice the holding time). Because all cyanide samples were 

properly preserved and stored and did not grossly exceed the cyanide sample holding time (e.g., less 

than twice the holding time), in the professional judgment of the data validator, the cyanide data validation 

qualifier was 'J' (e.g., the laboratory reported concentration was considered to be an estimate of the true 

concentration). 

In the future, holding times for cyanide should clearly document that extraction and analysis for cyanide 

'must occur within 14 days. 

Laboratory blanks are used to estimate whether the laboratory could be contaminating samples. One 

laboratory soil blank exhibited 4 pglkg of methylene chloride while one of the 10 other soil blanks 
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exhibited detectable concentrations of this chemical. Nevertheless, suspicions were raised that this 

chemical (at low concentrations) was indicative of general laboratory contamination rather than 

contamination associated with SWMU 4, 5, 9 or 10 activities. These suspicions were based on past 

experience and the known sporadic nature of laboratory contamination, as well as the sparse spatial 

distribution of samples contaminated with methylene chloride. 

To test this suspicion, laboratory soil blank data were analyzed from Laucks Laboratory for another 

project currently under way at NSWC Crane (CTO 159, SWMU 3). There were 18 laboratory soil blanks 

analyzed for VOCs. Fourteen of the 18 blanks exhibited detectable concentrations of methylene chloride 

ranging in concentration from non-detect at 1 pglkg to 5 pglkg. The average concentration (non-detects 

excluded) was 2.4 pglkg with a standard deviation of 0.99 pglkg. Based on these statistics, 

approximately 99% of the methylene chloride contamination in laboratory blanks would range from 

0 pgtkg to 5 pglkg if the concentrations were normally distributed. These data confirm that low 

concentrations of methylene chloride are routinely found in soil samples from this laboratory and that 

methylene chloride concentrations in the indicated range (possibly even greater than 5 pglkg) may be 

attributed to background contamination in the laboratory. 

Llh 

The fact that laboratory blanks sometimes exhibit non-detectable levels of methylene chloride and 

sometimes detectable, but relatively low levels of that chemical, reflects the sporadic nature of laboratory 

background contamination. The observed background levels of methylene chloride are not indicative of 

substandard laboratory performance. Rather, this phenomenon is well known throughout the 

environmental industry. Cyclical changes in laboratory background contamination are also expected so 

that sometimes the contamination problem is worse than others. 

In addition to the above concentration range analysis, the frequencies of detection for methylene chloride 

in laboratory soil blanks and in site soil samples were compared after combining data from CTO 010 

SWMUs 4, 5, 9, and 10, and CTO 159 SWMJ 03. The two CTO data sets were combined to obtain 

greater statistical power than could be achieved with only the CTO 10 data. Only samples exhibiting 

methylene chloride concentrations in the range of non-detect to 5 pglkg were considered. 

Fifty-two percent of 29 laboratory blanks were contaminated and 13 percent of 258 site samples were 

contaminated in this concentration range. Methylene chloride results for 66 site samples (about 46% of 

the data) were qualified as non-detect on the basis of laboratory blank contamination, with an average 

detection limit of 15 pglkg. All SWMU 4, 5, 9, and 10 methylene chloride soil results were less than or 

equal to 8 pglkg except for sample 05SB030507, which had 42 pglkg methylene chloride and is the only 

detectable methylene chloride concentration that is not qualified as estimated. +,. 
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On the basis of the above observations, the methylene chloride contamination observed in all SWMU 4, 

5, 9, and 10 soil samples except sample, 05SB030507, is attributed to laboratory contamination. 

Whether the methylene chloride concentration of sample 05SB030507 reflects site contamination or not is 

not clear. 

Surface water samples for semivolatile and pesticide1PCB analysis from SWMU 4 also had a high rate of 

qualification due to holding time exceedance: 55 percent and 67 percent, respectively. In this case, the 

holding time exceedances were due to a delay in delivering the samples by the carrier because of bad 

weather. The U.S. EPA Functional Guidelines for data validation allow for professional judgment during 

the data validation process in determining the data validation qualifier, especially in cases where sample 

preparation or analyses are conducted beyond the specified holding time but do not exceed twice the 

holding time. Aqueous semivolatile and pesticide1PCB samples have a 7-day extraction and 40-day 

analysis holding time. The semivolatile and pesticide1PCB samples were not extracted within the 7 day 

holding time but were analyzed within the 40-day holding time. All semivolatile and pesticide1PCB 

extracts that exceed the extraction holding time were extracted within 14 days (e.g., less than twice the 

holding time). Because all semivolatile and pesticide1PCB samples were properly preserved and stored 

and did not grossly exceed the extraction sample holding time (e.g., less than twice the holding time), in 

the professional judgment of the data validator, the semivolatile and pesticide1PCB data validation 

qualifier was 'J' (e.g., the laboratory-reported concentration was considered to be an estimate of the true 

concentration). 

Prioritization of the parameters of interest was used to minimize qualification of the data thus avoiding the 

necessity of resampling the data points. 

3.1.5 Data Analvsis and Manaqement 

- Subsequent to data validation, the electronic database was amended to include the data qualifiers added 

during data validation. The data validation manager reviewed the database for accuracy prior to delivery 

to geographic information system (GIs) for use in statistical analysis. Under the direction of the 

ecological and human health risk assessors, the GIs group generated frequency of detection (FOD) 

tables and chemicals of potential concern (COPC) tables for use in the risk assessments. Under the 

direction of the project chemist, the GIs group generated data qualifier summaries, laboratory and field 

blank contamination summaries, and lists of rejected data points for use in data evaluation. 
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3.1.6 Methodoloav for Backqround Comparison 

The parametric analysis of variance (ANOVA) technique is the preferred approach for comparing 

environmental measurements from site results to background data. However, parametric ANOVA 

methods make two key assumptions: the results are normally (or lognormally) distributed and the group 

variances are approximately equal. If either of these assumptions is violated, non-parametric tests may 

be used to determine if constituent concentrations present in the site locations significantly exceed those 

present in background locations. 

Non-parametric tests were conducted using the ranks of the analytical results rather than the analytical 

results themselves. Site data were categorized by depth (surface or subsurface), depositional 

environment (alluvial, loesslglacial, Mississippian, or Pennsylva'nian), and grain size (sand, silt, or clay) 

then compared to the appropriate facility-wide background data set. To generate the background data 

set, more than 200 soil samples that were judged to be unaffected by site operations were collected from 

across NSWC Crane. From these 200 samples that spanned four geological depositional environments 

each containing two depths (surface and subsurface) and three subsurface soil grain sizes (sand, silt, and 

clay), 20 surface and 47 subsurface samples were randomly selected for the analysis of 27 metals on - 
each sample. The results were compared statistically, with consideration of the sample geochemistries 

and were determined to represent nine distinct soil groups representative of background soils across 

NSWC Crane. Summary statistics for the nine individual soil groups and summary statistics for all soils 

together are presented in Appendix F. 

The Wilcoxon Rank-Sum test (U.S. EPA, May 1992) (also known as the Mann-Whitney U test) was 

employed as the non-parametric ANOVA technique. The following equations present a step-by-step 

procedure for conducting the Wilcoxon Rank-Sum test. 

The null hypothesis (HO) that is tested is: 

Ho The site concentration IS NOT statistically greater than the background 

'concentration. 

The alternate hypothesis (HA) is: 

HA The site concentration IS statistically greater than the background concentration. 

"9 
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If Ho is rejected, then HA is accepted. If Ho is not rejected, the data set is consistent with the Ho 

distribution. 

Step 1. Combine the background and site data and rank the ordered values from 1 

to N. Assume there are n site samples and m background samples so that N = m + 
n. 

Step 2. Compute the Wilcoxon statistic W: 

where Ei are the ranks of the site samples (large values of the statistic W give 

evidence of contamination in site locations). 

Step 3. Compute an approximate Z-score. To find the critical value of W, a normal 

approximation to its distribution is used. The expected value and standard deviation 

of W under the null hypothesis (i.e., no contamination exists) are given by the 

formulas: 

An approximate Z-score for the Wilcoxon Rank-Sum test may be calculated by the 

following equations: 

The factor of 112 in the numerator serves as a continuity correction because the 

discrete distribution of the statistic W is being approximated by the continuous normal 

distribution. If n or m > 10 and ties are present, an adjustment to the approximate 

Z-score must be made: 
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A*, 

g = the number of tied groups and tj is the number of tied data in the jth group. 

Step 4. For a one-tailed 95% confidence level test for Ho versus the, reject Ho and 

accept HA if ZADmTED > ZO.% = + 1.645, which corresponds to a p-value of 0.05 

3.2 CHEMICAL FATE AND TRANSPORT ANALYSIS 

Knowledge of a contaminant's potential to migrate and persist in an environmental medium is critical 

when evaluating the potential for a chemical to elicit an adverse human health or ecological effect. This 
em 

section contains information on various aspects of contaminant fate and transport .and the chemical 

properties affecting contaminant migration at SWMUs 4, 5, 9, and 10. Section 3.2.1 contains a general 

discussion of the various chemical and physical properties of significant contaminants detected in all 

media. Section 3.2.2 reviews the various contaminant transport pathways. Section 3.2.3 presents a brief 

discussion of contaminant persistence, and Section 3.2.4 presents a summary of contaminant migration. 

1 .  

3.2.1 Chemical and Physical Properties lmpactinq Fate and Transport 

Table 3-1 2 presents the physical and chemical properties of the organic compounds detected at SWMUs 

4, 5, 9, and 10. Relative mobilities as a function of environmental conditions in soil of inorganics detected 

at SWMUs 4, 5, 9, and 10 are provided in Table 3-13. These properties can be used to determine the 

environmental mobility and fate of site contaminants. The properties of interest include the following: 

Specific gravity 

Vapor pressure 

Water solubility 

Octanollwater partition coefficient 

Organic carbon partition coefficient 

Henry's Law constant 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 2 
Date: December 2004 

Section: 3 
Page 17 of 86 

Bioconcentration factor 

Mobility index 

Empirically determined literature values of the water solubility, octanollwater partition coefficient, organic 

carbon partition coefficient, vapor pressure, Henry's Law constant, bioconcentration factor, and specific 

gravity are presented, when available. Calculated values, which were obtained using approximation 

methods, are presented when literature values are not available. A discussion of the environmental 

significance of each of these parameters follows. 

3.2.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature. Its primary use is to determine whether a 

chemical will have a tendency to float or sink in water if it is present as a pure chemical or at very high 

concentrations. Chemicals with a specific gravity greater than 1 will tend to sink, and chemicals with a 

specific gravity less than 1 will tend to float. This parameter becomes important in discussions regarding 

the potential presence of free product in non-aqueous-phase liquids. 

Of the commonfy detected chemicals at these sites, the ketones and some monocyclic aromatics have a 

specific gravity less than 1. Halogenated aliphatics, polynuclear aromatic hydrocarbons (PAHs), PCBs, 

phthalate esters, and pesticides have a specific gravity greater than 1. 

3.2.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. 

It is of primary importance at environmental interfaces such as surface soillair and surface waterlair. 

Volatilization is not as important when evaluating contaminated ground water and subsurface soils that 

are not exposed to the atmosphere. Vapor pressures for ketones, monocyclic aromatics, and 

halogenated aliphatics are generally many times higher than vapor pressures for pesticides and PCBs. 

Chemicals with higher vapor pressures are expected to enter the. atmosphere much more readily than 

chemicals with lower vapor pressures. Volatilization is a significant loss process for VOCs in surface 

water or surface soil. Volatilization is not significant for inorganics. Surface soils at SWMUs 4, 5, 9, and 

10 do not contain high concentrations of VOCs. Therefore, volatilization from soil is not likely to be an 

important loss mechanism at these sites. 
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3.2.1.3 Water Solubility 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to 

its water solubility. More soluble chemicals are more readily leached than less soluble chemicals. The 

water solubilities presented in Table 3-12 indicate that the VOCs (ketones, monocyclic aromatics, and 

halogenated aliphatics) and nitrogen-containing compounds are usually several orders of magnitude 

more water soluble than the PAHs, pesticides, and PCBs. 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.). The solubility is also dependent on pH, Eh (redox potential), temperature, and other 

ionic species in solution (the Debye-Huckel theory). The solubility products reported in the literature vary 

with the type of complex formed, but generally it can be noted that, for example, cadmium and copper 

complexes are more soluble than lead and nickel complexes. 

3.2.1.4 OctanolMlater Partition Coefficient 

The octanol/water partition coefficient (k,) is a measure of the equilibrium partitioning of chemicals 

between octanol and water. A linear relationship between the KO, and the uptake of chemicals by fatty - 
tissues of animal and human receptors (the bioconcentration factor) has been established (Lyman 

et al., 1990). It is also useful in characterizing the sorption of compounds by organic soils where 

experimental values are not available. Pesticides and PCBs are several orders of magnitude more likely 

to partition to fatty tissues than the more soluble VOCs. The k, is also used to estimate 

bioconcentration factors in aquatic organisms. 

3.2.1.5 Organic Carbon Partition Coefficient 

The organic carbon partition coefficient (&) indicates the tendency of a chemical to adhere to soil 

particles containing organic carbon. Chemicals with high &s generally have low water solubilities and 

vice versa. This parameter may be used to infer the relative rates at which the more mobile chemicals 

(ketones, monocyclic aromatics, and halogenated aliphatics) are transported in the ground water. 

Chemicals such as most pesticides, PAHs, and PCBs are relatively immobile in the soil and are 

preferentially bound to the soil. These compounds are not subject to ground water transport to the extent 

that compounds with higher water solubilities are. However, these immobile chemicals are easily 

transported by erosional processes when they are present in surface soils. 
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3.2.1.6 Henry's Law Constant 

Both the vapor pressure and the water solubility are of use in determining volatilization rates from surface 

water bodies and from ground water. The ratio of these two parameters (the Henry's Law constant) is 

used to calculate the equilibrium chemical concentrations in the vapor (air) phase versus the liquid (water) 

phase for the dilute solutions commonly encountered in environmental settings. In general, chemicals 

having a Henry's Law constant of less than 1 x atm-m31m01e, such as pesticides and PCBs, should 

volatilize very little and be present only in minute amounts in the atmosphere or soil gas. For chemicals 

with a Henry's Law constant greater than 5 x l o 9  atm-m3/mole, such as many of the halogenated 

aliphatics, volatilization and diffusion in soil gas could be significant. 

3.2.1.7 Bioconcentration Factor 

The bioconcentration factor (BCF) represents the ratio of aquatic-animal-tissue concentration to water 

concentration. The ratio is both contaminant and species specific. When site-specific values are not 

measured, literature values are used or the BCF is derived from the octanollwater coefficient. Many of 

the pesticides, PCBs, and PAHs will bioconcentrate at levels three to five orders of magnitude greater 

than those concentrations found in the water, but VOCs and nitrogen-containing compounds are not as 

readily bioconcentrated. 

3.2.1.8 Distribution Coefficient 

The distribution coefficient ( 6 )  is a measure of the equilibrium distribution of a chemical or ion in 

soillwater systems. The distribution of organic chemicals is a function of both the K, and the amount of 

organic carbon in the soil. For ions (e.g., metals), 6 is the ratio of the concentration adsorbed on soil 

surfaces to the concentration in water. Distribution coefficients for metals vary over several orders of 

magnitude because the 6 is dependent on the size and charge of the ion and the soil properties 

governing exchange sites on soil surfaces. Coulomb's Law predicts that the ion with the smallest 

hydrated radius and the largest charge will be preferentially accumulated over ions with larger radii and 

smaller charges. 

3.2.1.9 Mobility Index 

The mobility index (MI) is a quantitative assessment of mobility that uses water solubility (S), vapor 

pressure (VP), and the organic carbon partition coefficient (K,) (Laskowski, 1983). It is defined as 

MI = log ((S*VP)/K,) 
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rcr. 

A scale to evaluate MI as presented by Ford and Gurba (1 984) is 

Relative MI 

> 5 

0 to 5 

-5 to 0 

-10 to -5 

< -10 

Mobility Descri~tion 

extremely mobile 

very mobile 

slightly mobile 

immobile 

very immobile 

Of the chemicals detected at SWMUs 4, 5, 9, and 10, chlorinated solvents and ketones generally have 

MIS greater than 5 and are considered extremely mobile. The MIS of monocyclic aromatics, such as 

benzene, toluene, and xylenes, range from 0 to 5 and these chemicals are classified as very mobile. 

Lighter molecular weight PAHs, such as naphthalene, have MIS ranging from -5 to 0 and are considered 

slightly mobile, and the heavier molecular weight PAHs (e.g., benzo(a)pyrene) and dioxinslfurans are 

classified as very immobile having MIS less than -10. The MIS of phthalate esters detected at SWMUs 4, 

5, 9, and 10 range from -0.7 to -7.5, therefore classified as slightly mobile to immobile. The MIS of #=-. 

pesticides detected at SWMUs 4, 5, 9, and 10 range from -4.0 (delta-BHC) to -1 1.8 (dieldrin); most of the 

pesticides have MIS less than -10. Therefore, pesticides are generally considered to be very immobile in 

soil. The MIS of PCBs are less than -10 and these chemicals are classified as very immobile. The MIS for 

chemicals detected at SWMUs 4, 5, 9, and 10 are presented in Table 3.12. 

3.2.2 Contaminant Transport Pathwavs 

This section presents a brief overview of contaminant fate and transport issues at SWMUs 4, 5, 9, and 

10. Based on the evaluation of existing conditions at SWMUs 4, 5, 9, and 10, the following potential 

contaminant transport pathways may exist at the sites: 

Leaching of soil contaminants to ground water 

Migration of ground water contaminants 

Leaching of sediment contaminants to surface water 

Migration of contaminants in surface water 

Volatilization from soil or ground water 

Erosion and runoff of contaminated particles from soil and deposition in surface water bodies. 
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3.2.2.1 Leaching of Soil Contaminants to Ground Water 

Contaminants that adhere to soil particles or have accumulated in soil pore spaces can leach and migrate 

vertically to the ground water as a result of infiltration or precipitation. The rate and extent of this leaching 

are influenced by the depth of the water table, amount of precipitation, rate of infiltration, the physical and 

chemical properties of the soil, and the physical and chemical properties of the contaminant. 

3.2.2.2 Migration of Ground Water Contaminants 

Contaminants can migrate in either a dissolved phase or as an immiscible liquid. A contaminant that is 

present in water above its solubility concentration will form an immiscible liquid. Based on the specific 

gravity of the contaminant, it will either float or sink in the water. In the case of chlorinated solvents 

(e.g., chlorobenzene), the contaminant will sink in the water because it has a higher specific gravity than 

water. Subsurface transport of the immiscible contaminants is governed by a set of factors different from 

those of dissolved contaminants. 

Movement of an immiscible liquid is controlled by entry conditions and flow conditions (Feenstra, et al., 

1995). Entry of an immiscible liquid to a subsurface system is primarily controlled by the capillary 

phenomena. These phenomena arise from the fact that an interfacial tension is present between two 

mutually immiscible liquids (contaminant and water or contaminant and air) in small pore space. Once in 

a subsurface system, the rate and direction of flow depend on the density and viscosity of the fluid, the 

pressure driving the fluid, the hydraulic conductivity of the formation, and the degree of saturation of the 

fluid in the formation (Feenstra, et al., 1995). Fluids denser than water will sink, and fluids lighter than 

water will float. An immiscible liquid will flow faster where the fluid is already present in the formation. 

Contaminants from the immiscible liquids may the dissolve into ground water, volatilize from the ground 

water to ground air, evaporate directly into ground air, or sorb from ground water to solid surfaces. 

' Contaminant concentrations may be affected by one or more mechanisms during transport. Volatilization 

or precipitation may physically transform contaminants. Contaminants may be chemically transformed 

through photolysis, hydrolysis, or oxidation/reduction. Contaminants may also be biologically transformed 

by biodegradation. Additionally, contaminants may accumulate in one or more media. 

Organics leaching from the soil into the ground water can migrate as dissolved constituents in ground 

water. Three general processes govern the migration of dissolved constituents in ground water: 

advection, dispersion, and retardation. Advection is a process by which solutes are carried by ground 

water movement. Dispersion is a mixing of contaminated and uncontaminated water during advection. 
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Retardation is a slowing of contaminant migration caused by the reaction of the solute with the particulate 

type matter in the aquifer. 

3.2.2.3 Leaching of Sediment Contaminants to Surface Water 

Contaminants that adhere to sediment particles or have accumulated in sediment pore spaces can leach 

and migrate to the surface water. The rate and extent of this migration are influenced by the physical and 

chemical properties of the soil and the physical and chemical properties of the contaminant. 

3.2.2.4 Migration of Contaminants in Surface Water 

Contaminants leaching from soils to surface water can migrate as dissolved constituents in surface water 

in the direction of surface water flow. Three general processes govern the migration of dissolved 

contaminants caused by the flow of water: movement caused by the flow of surface water, movement 

caused by the irregular mixing of water, and chemical mechanisms occurring during the movement of 

surface water. Sediment particles can disassociate from the sediment into surface water and migrate by 

one of the aforementioned methods. 

3.2.2.5 Volatilization from Soil or Ground Water 

Chemicals in soil can migrate into ambient air either as vapors or by adhering to particulate matter 

(dusts). Chemicals that have a significant volatility are likely to enter ambient air as vapors. These 

chemicals are generally considered to be compounds with Henry's Law Constants greater than 1.0 x 1 0-5 

and molecular weights less than 200. Chemicals with lower Henry's Law Constants and higher molecular 

weights are more likely to enter ambient air on particulate matter carried by winds. This pathway may not 

be significant for SWMUs 4, 5, 9, and 10 because large portions of the sites are either paved or 

vegetated, thereby limiting emissions form soil. In addition, as shown in the site-specific risk 

assessments, maximum concentrations off all chemicals detected at the sites were less than the U.S. 

EPA Generic SSLs for migration from soil to air. 

Since VOCs are typically very mobile, they may leach to ground water (as discussed above) or volatilize 

into ambient air. VOC vapors in ground water or subsurface soil may migrate through the overlying soil 

layers and into ambient air. Studies have shown that the vapors can move either horizontally or vertically 

in the subsurface. The vapors may also enter buildings through cracks in building foundations or walls. 

Upon entering ambient air the vapors are not expected to persist for long periods of time having half-lives 

in the atmosphere typically measured in hours or a few days. Vapors may also be released to ambient air 

from soil or ground water during excavation activities. 
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3.2.2.6 Erosion and Runoff of Contaminated Particles from Soil and Deposition in Surface 

Water Bodies 

Chem~r-sls adhering to particulate matter in soil (or sediment) may migrate by erosional processes, such 

as rq!.water runoff, to drainage ditches or nearby streams. This is a potentially important migration 

mf, -,!I environmentally immobile chemicals (i.e., PHs, pesticides, PCBs, and dioxins) that tend to 

binc: !(\ ao~l. The contaminated soil particles may be moved by runoff or the intermittent flow in drainage 

ditcll-5 ,I;$ be deposited in nearby soils or water bodies. 

3.2.? Chemical Fate and Persistence 

TI 11 --thliP'I(:e of various classes of chemicals is discussed in this section. Several transformation 

me, t , ~ l ~ s r n s  affect chemical persistence, such as hydrolysis, biodegradation, photolysis, and 

c!h I r C  1% f i z  :eariction reactions. The following general classes of compounds are discussed: 

5 c-i:Ar~es 

IL I ,, i ~ ~ ~ : :  aromatics 

1, ,c 1)->;:died aliphatics 

I 'AH., 

1 ,'d.c esters 

. $ ~lb~d6!s 

:*etals 

'CRs 

11 ~ h l i i ~ ~  ans 

"v~irogen-containing compounds 

3.2.3. f Ketones 

Ket l ~ t t l $   re highly volatile and soluble, and these two characteristics dominate the fate of these 

co~r~prur~ds in the environment. Hydrolysis is generally not a significant fate process for this class of 

chel-irlrdrs, nor IS bioconcentration significant, based on the low K,,s (Howard, 1990). 

Acetone is :;ompletely miscible in water and is unlikely to adsorb to soil or sediments or bioaccumulate. It 

has a !~lyt\  vapor pressure and, once released to the air, photolysis and reaction with hydroxyl radicals 

result IR arb aderage half-life of 22 days (Howard, 1990). 
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4-Methyl-2-pentanone (methyl isobutyl ketone) may be removed from soil by direct photolysis, volatilization, 

or aerobic biodegradation. It is also susceptible to leaching and may be found in ground water. If released 

to surface water, it has a volatilization half-life of 15 to 33 hours and is also subject to direct photolysis. This 

compound does not significantly bioconcentrate, oxidize, hydrolyze, or adsorb to soil (Howard, 1990). 

3.2.3.2 Monocyclic Aromatics 

Monocyclic aromatic compounds such as benzene and phenol are not considered to be persistent in the 

environment, particularly in comparison to chemicals such as PCBs and pesticides. Monocyclic 

aromatics are subject to degradation via the action of both soil and aquatic microorganisms. The 

biodegradation of these compounds in the soil matrix is dependent on the abundance of microflora, 

macronutrient availability, soil reaction (pH), temperature, etc. 

Although these compounds are amenable to microbial degradation, it is not anticipated that degradation will 

occur at an appreciable rate, although macronutrient availability is not known. In the event that these 

compounds discharge to surface water bodies, volatilization and biodegradation may occur relatively rapidly. 
CD-. 

For example, a reported first-order biodegradation rate constant for benzene is 0.11 day-' in aquatic 

systems (Lyman et al., 1990). This corresponds to an aquatic hall life of approximately 6 days. Other 

monocyclic aromatics are subject to similar degradation processes in aquatic environments (U.S. EPA, 

December 1982). 

However, chlorinated monocyclic aromatics such as chlorobenzene are not expected to be as susceptible 

to microbial degradation. For example, a reported first-order biodegradation rate constant for 

chlorobenzene is 0.0045 day-' in aquatic systems (Lyman et al., 1990), which corresponds to an aquatic 

half-life of approximately 150 days. 

Additional environmental degradation processes, such as hydrolysis and photolysis, are considered to be 

insignificant fate mechanisms for monocyclic aromatics in aquatic systems (U.S. EPA, December 1982). 

However, some monocyclic aromatics such as benzene and toluene have been shown to undergo c l a h  

mineral-, and soil-catalyzed oxidation (Dragun, 1988). 

3.2.3.3 Halogenated Aliphatics 

In general, halogenated aliphatic hydrocarbons are subject to abiotic dehydrohalogenation. This process 

is an elimination reaction that results in the formation of an ethene from a saturated halogenated --% 
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compound. Research indicates that microbial degradation of highly chlorinated ethanes is a relatively 

slow process. Hydrolysis, photolysis, and oxidation are generally not considered to be significant fate 

processes for the chlorinated ethanes. 

Under certain conditions, volatilization is a significant fate process for these compounds. Volatilization is 

only significant at the air-soil or air-water interface. Compounds such as chloroform and methylene 

chloride volatilize rapidly to the atmosphere from soil or surface water due to low soil adsorption. 

Adsorption should not be considered as an important fate for these types of compounds when compared 

to more hydrophobic compounds. The BCF indicates that these compounds should not bioaccumulate. 

Photolysis is not considered to be a relevant degradation mechanism for this class of compounds (U.S. 

EPA, December 1982). Limited hydrolysis of saturated aliphatics (i.e., alkanes) may occur, but it does not 

appear to be a significant degradation mechanism for unsaturated species (i.e., alkenes) (U.S. EPA, 

December 1982). 

3.2.3.4 PAHs 

PAHs have very low solubilities, vapor pressures, and Henry's Law constants and high Q and K d .  

The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) may volatilize 

from surface waters, and the high-molecular-weight PAHs [e.g., benzo(a)pyrene, benz(a)anthracene, 

chrysene, etc.] are less likely to volatilize. PAHs in soil are much more likely to bind to soil and be 

transported via mass transport mechanisms than to go into solution. PAHs are subject to degradation via 

aerobic bacteria but may be relatively persistent in the absence of microbial population or macronutrients 
\ 

such as phosphorus and nitrogen. 

Bioconcentration of PAHs in aquatic organisms is greater for the higher-molecular-weight compounds 

than the lower-molecular-weight compounds. PAHs can be bioaccumulated from water, sediments, or 

lower organisms in the food chain. 

Landspreading applications have indicated that PAHs are highly amenable to microbial degradation in 

soil. The rate of degradation is influenced by temperature, pH, oxygen concentrations, initial chemical 

concentrations, and moisture. Photolysis, hydrolysis, and oxidation are not important fate processes for 

the degradation of PAHs in soil (ATSDR, 1997). 

The most important fates of PAHs in water are photo-oxidation, chemical oxidation, and biodegradation. 

PAHs do not contain functional groups that are susceptible to hydrolytic action, and hydrolysis is 
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considered to be an insignificant degradation mechanism. The rate of photodegradation is influenced by 

water depth, turbidity, and temperature. Benzo(a)pyrene and chrysene are reported to be resistant to 

photodegradation. PAHs may also be oxidized by chlorination and ozonation and may be metabolized by 

microbes under oxygenated conditions (ATSDR, 1997). 

3.2.3.5 Phthalate Esters 

Phthalate esters are considered to be relatively persistent chemicals in the environment. Although 

numerous studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is 

a slow process in both soils and surface waters. Certain microorganisms have been shown to excrete 

products that increase the solubility of phthalate esters and enhance their biodegradation (Gibbions and 

Alexander, 1989). 

Biodegradation of bis(2-ethylhexyl) phthalate and di-n-butyl phthalate in water is an important fate 

mechanism. However, hydrolysis of bis(2-ethylhexyl) phthalate is very slow, with a calculated half-life of 

2,000 years (U.S. EPA, December 1979). In soil, microorganisms appear to be capable of degrading 

di-n-butyl phthalate rapidly. Bioaccumulation is also a significant fate process. Photolysis and 
R.. 

volatilization are considered to be insignificant degradation mechanisms (U.S. EPA, December 1979; 

Howard, 1 989). 

3.2.3.6 Pesticides 

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for 

these chemicals. Surface soil runoff may carry pesticides to adjacent surface water bodies. 

Bioconcentration of pesticides in the food chain is another important fate mechanism. Hydrolysis, 

oxidation, and photolysis are not generally important fate mechanisms for pesticides in soil or water. 

Hydrolysis half-lives for several pesticides are reported in periods of months to years (U.S. EPA, 

December 1979). Some of the more common pesticides used in the past are discussed below. 

4.4'-DDT and its metabolites are considered to be persistent chemicals. They undergo extensive 

adsorption to soil and are not highly soluble. Biodegradation may occur under both aerobic and 

anaerobic conditions in the presence of certain soil microorganisms. Under aerobic conditions, 

4,4'-DDT may be transformed to DDE and, under anaerobic conditions, 4,4'-DDD may result. 

These compounds are, however, somewhat volatile, with a reported half-life of 100 days for 

4,4'-DDT. These compounds are highly lipophilic and therefore readily bioaccumulate (ATSDR, 
P". , 

October 1997). 4,4'-DDT is no longer in production in the United States. 
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Aldrin is readily converted to dieldrin. Dieldrin is a particularly persistent pesticide but is no longer 

registered for general use. In soil, dieldrin will persist for long periods of time (more than 7 years) 

and may slowly evaporate. It does not readily leach to ground water. Once in surface waters (via 

runoff), dieldrin adsorbs strongly to sediments and bioconcentrates and slowly photodegrades. 

Biodegradation and hydrolysis are not significant (Howard, 1991). 

Endrin and its metabolites are no longer produced or used in the United States. These 

compounds will remain in the soil and do not leach significantly, with half-lives of greater than 

14 years in sediments. One common transportation and degradation mechanism is photochemical 

degradation (U.S. EPA, 1985). In water, endrin would not be expected to biodegrade or hydrolyze 

to any significant extent and therefore will bioconcentrate in aquatic organisms. 

Chlordane is extremely persistent in the environment and in some soils may persist for greater than 

20 years. Volatilization is an important removal mechanism in water and soil. Leaching to the 

ground water may occur at sites with high levels of organic solvents. 

The use of heptachlor was restricted to underground termite control in 1983. Heptachlor epoxide is 

formed by the biological transformation of heptachlor in the environment. These compounds sorb 

strongly to soil. Heptachlor is subject to biodegradation (forming heptachlor epoxide, which is highly 

resistant to biodegradation) and hydrolysis. Bioconcentration of both compounds is significant, and 

volatilization and photolysis are very slow (Howard, 1991). 

3.2.3.7 PCBs 

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 (U.S. EPA, December 1979). Although some microorganisms (e.g., Phanaerochaete 

chrysosporium) may biodegrade PCBs, such fungi may not exist in local soil. There is experimental 

evidence to suggest that heavier PCBs (five or more chlorines per molecule) can undergo photolytic 

degradation, but there are no data to suggest that this process operates under environmental conditions 

(U.S. EPA, December 1979). Base-, acid-, and neutral-promoted hydrolysis are considered to be 

inconsequential degradation mechanisms for PCBs (US. EPA, December 1982). 
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3.2.3.8 Dioxins as 2,3,7,&TCDD 

2,3,7,8-Tetrachlorodibenzodioxin (TCDD) is usually released to the environment primarily through 

emissions from the incineration of municipal and chemical wastes, in exhaust from automobiles using 

leaded gasoline, and from the improper disposal of certain chlorinated chemical wastes. If released to 

the atmosphere, vapor-phase TCDD may be degraded by reaction with hydroxyl radicals and direct 

photolysis. Particulate-phase TCDD may be physically removed from air by wet and dry deposition. If 

released to water, TCDD will predominantly be associated with sediments and suspended material. 

TCDD near the water's surface may experience some photodegradation. Partitioning from the water 

column to sediment and suspended material will occur. Volatilization from the water column may be 

important, but adsorption to sediment will limit the overall rate by which TCDD is removed from water. 

The persistence half-life of TCDD in lakes has been estimated to be in excess of 1.5 years. 

Bioconcentration in aquatic organisms has been demonstrated. If released to soil, TCDD is not expected 

to leach. Photodegradation on terrestrial surfaces may be an important transformation process. 

Volatilization from soil surfaces during warm conditions may be a major removal mechanism. The 

persistence half-life of TCDD on soil surfaces may vary from less than 1 year to 3 years, but half-lives in 

soil interiors may be as long as 12 years. Screening studies have shown that TCDD is generally resistant 
.-,-4 

to biodegradation. The major route of exposure to the general population results from incineration 

processes and exhausts from leaded gasoline engines (TOXNET, online, November 2001). 

3.2.3.9 Explosives (Nitrogen-Containing Organic Compounds) 

A number of nitrogen-containing compounds, namely the explosives, nitrobenzene, 

1,3,5-trinitorobenzene, 2-nitrotoluene, 2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene, 

4-amino-2,6-dinitrotoluene, HMX, RDX , and tetryl, were detected in soil, ground water samples, surface 

water, and sediment at SWMU 10. Nitrogen-containing compounds, such as 2,4,6-trinitrotoluene, 

2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, HMX, and RDX, have relatively low K, values 

and tend to be fairly mobile in the environment. The K,s for nitrobenzene and 1,3,5-trinitorobenzene are 

somewhat higher, indicating that they are less mobile than the other explosives. The nitrotoluenes, RDX, 

and HMX in water are not expected to bioconcentrate significantly and will have only a slight tendency to 

partition to suspended and sediment organic. 

3.2.3.10 Metals 

Metals are highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, 

etc. The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of * -* 

the soil structure) and bioaccumulation. 
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The mobility of metals is influenced primarily by their physical and chemical properties, in combination 

with the physical and chemical characteristics of the soil matrix. Factors that assist in predicting the 

mobility of inorganic species are the soillpore water pH, soillpore water Eh, and cation exchange 

capacity. The mobility of metals generally increases with decreasing soil pH and cation exchange 

capacity (Table 3-1 3). 

3.3 HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

This section presents the general methodologies and procedures used to conduct baseline human health 

risk assessments for SWMUs 4,5, 9, and 10 at NSWC Crane. The objective of the risk assessments is to 

determine whether detected concentrations of chemicals at the sites pose a significant threat to potential 

human receptors under current andlor future land use. The potential risks to human receptors are 

estimated based on the assumption that no actions are taken to control contaminant releases. 

The following current U.S. EPA and Indiana Department of Environmental Management (IDEM) risk 

assessment guidance was used to develop the framework for the baseline human health risk 

assessments: 

U.S. EPA, December 1989. Risk Assessment Guidance for Superfund (RAGS): Volume I, Human 

Health Evaluation Manual (Part A). EPA 54011 -891002, Off ice of Emergency and Remedial 

Response, Washington, D.C. I 

U.S. EPA, March 25, 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard 

Default Exposure Factors. Office of Solid Waste and Emergency Response (OSWER) Directive 

9285.6-03, Washington, D.C. 

U.S. EPA, May 1992. Supplemental Guidance to RAGS: Calculating the Concentration Term. 

OSWER Publication No. 9285.7-081. 

U.S. EPA, May 1993. Distribution of Preliminary Review Draft: Superfund's Standard Default 

Exposure Factors for the Central ~ e n d e n c ~  and Reasonable Maximum Exposure. Office of Solid 

Waste and Emergency Response, Washington, D.C. 

U.S. EPA, May 1996. Soil Screening Guidance: Technical Background Document. 

EPAl540lR-951128, Office of Solid Waste and Emergency Response, Washington, D.C. 

110110/P 3-29 CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9,  10 

Revision: 2 
Date: December 2004 

Section: 3 .+ .. % 
Page 30 of 86 

U.S. EPA, August 1997. Exposure Factors Handbook. EPN600lP-95/002Fa, Office of Health and 

Environmental Assessment, Washington, D.C. 

U.S. EPA;1998. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk Assessments), 

Publication 9285-7-01 D, Office of Emergency and Remedial Response, Washington, D.C. 

U.S. EPA, 2000. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation 

Manual, Supplemental Guidance, Part E, Supplemental Guidance' for Dermal Risk Assessment, 

Interim Guidance. 

A baseline human health risk assessment consists of five components: data evaluation, exposure 

assessment, toxicity assessment, risk characterization, and uncertainty analysis. Sections 10.1 through 

10.5 of the work plan (TtNUS, August 2000a) contain detailed discussions of the methodologies to be 

followed for the five components of the risk assessment. 

Three major aspects of chemical contamination and environmental fate and transport must be konsidered 

to evaluate potential risks: Contaminants with toxic characteristics must be found in environmental media 

and must be released by either natural processes or by human action; potential exposure points must 

exist; and human receptors must be present at the point of exposure. Risk is a function of both toxicity 

and exposure. If any one of the factors listed above is absent for a site, the exposure route is regarded 

as incomplete, and no potential risks will be considered to exist for human receptors. 

3.3.1 Data Evaluation 

Data evaluation, the first component of a baseline human health risk assessment, is a medium-specific 

task involving the compilation and evaluation of analytical data. The main objective of the data evaluation 

is to develop a medium-specific list of COPCs, which are used to quantitatively determine potential 

human health risks for site media. 

3.3.1.1 Data Usability 

Data collected from the field investigations, described in Sections 4.4 (SWMU 4 - McComish Gorge), 5.4 

(SWMU 5 - Old Burn Pit), 6.4 (SWMU 9 - Pesticide ControlIR-150 Tank Area), and 7.4 (SWMU 10 - 
CL". 

Rockeye), were used to assess risks to potential human receptors. All analytical data used in the 
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quantitative estimation of potential risks were subject to data validation. A discussion of data validation 

protocol is provided in Section 3.1 of this report. A data quality report is also included in Section 3.1 that 

provides information on precision, accuracy, representativeness, completeness, and comparability of the 

analytical data. A brief summary of the results of the data validation is also included in this section. 

Fixed-based analytical results only from the Target Analyte Lists for the proposed field investigations 

were used in the quantitative risk evaluation. Typically, unfiltered results for ground water and surface 

water are used to assess risks associated with these media. Filtered results are used for the risk 

assessment only if the associated unfiltered samples are found to be turbid. Field measurements, data 

regarded as unreliable (i.e., qualified as "R" during the data validation process) were not used in the 

quantitative risk assessment. However, these data were used to substantiate the conclusions of the 

quantitative risk analysis. 

Because of uncertainties associated with data quality, historical data collected during previous RFls were 

not used to quantitatively assess potential risks at SWMUs 4, 5, 9, and 10. The quality associated with 

the historical data has not been adequately documented, and the data do not seem to have been 

validated. The data packages (including the raw data) cannot be obtained to ascertain the level of quality 

associated with the data or to independently validate the data. However, these data are used in a 

qualitative fashion to support the conclusions of the quantitative risk analysis. The proposed field 

investigations were developed to be comprehensive (i.e., locations sampled historically, as well as data 

gap locations, were included); therefore, the uncertainty associated with the elimination of the historical 

data from the quantitative risk assessment is not considered to be significant. 

3.3.1.2 Selection of Chemicals of Potential Concern 

The selection of COPCs is a qualitative screening process used to limit the number of chemicals and 

exposure routes quantitatively evaluated in the baseline human health risk assessment to those site- 

related constituents that dominate overall potential risks. Screening by risk-based concentrations and 

basewide background levels are used to focus the risk assessment on meaningful chemicals and 

exposure routes. 

In general, a chemical is selected as a COPC and retained for further quantitative risk evaluation if the 

maximum detection in a sampled medium exceeds the lowest risk-based concentration and the chemical 

is determined to be present at concentrations exceeding background. Note that this second condition 

applies only to those chemicals for which background comparison is appropriate (e.g., metals). 

Chemicals eliminated from further evaluation at this time are assumed to present minimal risks to 
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potential human receptors. Medium-specific tables summarizing the selection of COPCs are included in 

the SWMU-specific risk assessments. 

3.3.1.2.1 COPC Screeninq Levels 

Several types of screening levels were used to identify COPCs for SWMUs 4, 5, 9, and 10. Screening 

concentrations based on U.S. EPA Region 9 preliminary remedial goals (PRGs) (U.S. EPA, Region 9, 

October 2000) were used, as well as other IDEM and U.S. EPA criteria. The risk-based screening 

concentrations correspond to a systemic Hazard Quotient of 0.1 (for noncarcinogens) or a lifetime cancer 

risk of 1 E-6 (for carcinogens). Note that the Region 9 PRGs are based on a Hazard Quotient of 1.0 and 

the screening concentrations are based on a Hazard Quotient of 0.1. The screening concentrations are 

based on a Hazard Quotient of 0.1 to ensure that additive noncarcinogenic risks for all chemicals do not 

exceed 1 .O. The screening levels used for each medium in the risk assessment are briefly discussed 

below. 

The following criteria were used to select COPCs for soil (surface and subsurface soil): 

U.S. EPA Region 9 PRGs for Residential Soil (U.S. EPA Region 9, November 2000) 

U.S. EPA generic soil screening levels (SSLs) for migration to ground water (U.S. EPA, May 1996) 

U.S. EPA generic SSLs for transfers from soil to air (U.S. EPA, May 1996) 

IDEM residential default closure levels for direct contact (IDEM, July 2001) 

IDEM residential default closure levels for migration to ground water (IDEM, July 2001) 

If the maximum concentration of a constituent exceeds any of these criteria (and the constituent is 

considered to be present at concentrations greater than background levels for soil and upgradient levels 

for sediment), the chemical was selected as a COPC for soil and carried through to the quantitative risk 

assessment. 

Because of the different exposure scenarios for potential human receptors, COPCs are identified 

separately for surface and subsurface soil. Surface soil is defined as soil collected from 0 to 2 feet bgs 

and subsurface soil is defined as soil collected from depths greater than 2 feet bgs. 

The comparison of site soil data to U.S. EPA generic SSLs for transfers from soil to air is used to identify 

whether a quantitative analysis of this exposure pathway is warranted. If the maximum soil concentration 
.rr5I 
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of a chemical exceeds the SSL, a quantitative evaluation of potential risks from inhalation is performed, 

as described in Section 3.3.2.4. Otherwise, the risks associated with the inhalation pathway are 

considered insignificant, and the exposure pathway is eliminated from further evaluation. 

No specific screening levels exist for human exposure to sediment. COPCs for sediment are selected by 

comparing detected site concentrations to the following: 

U.S. EPA Region 9 PRGs for residential soil (U.S. EPA Region 9, November 2000); 

IDEM residential default closure levels for direct contact (IDEM, July 2001); 

U.S. EPA generic SSLs for transfers from soil to air and for migration to ground water are not considered 

to be appropriate for sediment screening because of high moisture content associated with sediment 

matrices. The use of soil screening levels for sediment COPC identification is regarded as a conservative 

approach because anticipated exposure to sediment is less than anticipated exposure to soil. 

The risk-based screening levels and health based standards used in the COPC selection for soil and 

sediment are presented in Table 3-1 4. 

Ground WaterISurface Water 

The same screening levels are used to select COPCs for ground water and surface water. The following 

criteria are used: 

U.S. EPA Region 9 PRGs for tap water (U.S. EPA, Region 9, November 2000) 

IDEM residential default closure levels for ground water (IDEM, July 2001) 

U.S. EPA Maximum Contaminant Levels (MCLs) (U.S. EPA, Summer 2000) 

If the maximum concentration of a constituent exceeds any of these criteria (and the constituent is 

considered to be present at concentrations greater than upgradient levels), the chemical was selected as 

a COPC and carried through to the quantitative risk assessment. 

Risk-based COPC screening levels for tap water ingestion, which are based on daily, residential 

exposure assumptions, are used to select COPCs for ground water and surface water. In general, the 

use of tap water screening levels is regarded as a highiy conservative approach to COPC selectionat 

SWMUs 4, 5, 9, and 10 because ground water at the sites is not used as a potable drinking water source. 

currently, there is no direct exposure to ground water at the.four SWMUs. In addition, potential human 
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exposure to surface water at SWMUs 4, 5, 9, and 10 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 aforementioned ground water screening criteria. 

Federal ambient water quality criteria (AWQCs) are not used to select COPCs for surface water. AWQC 

applicable to the protection of human health are not used for COPC selection because the surface water 

present at SWMUs 4, 5, 9, and 10 is not currently used and will not be used in the future as a potable 

drinking water source. In addition, the surface water bodies present at the sites do not support game fish 

populations because of their size and intermittent nature. Lake Greenwood is used as a drinking water 

supply for the Facility. Ground water at the four SWMUs does discharge to nearby surface water bodies. 

However, none of the surface water bodies (streams, creeks, tributaries, etc.) at the sites affect Lake 

Greenwood. 

The risk-based screening levels and health based standards used in the COPC selection for ground 

water and surface water are presented in Table 3-1 5. 

3.3.1.2.2 Lead as a COPC 

Limited criteria are available to evaluate the potential risks associated with lead. There are no risk-based 

concentrations for this chemical since U.S. EPA has not derived toxicity values for lead. However, 

recommended screening levels are available for lead in soil that are used to indicate the need for 

response activities. Guidance from both the Office of Prevention, Pesticides, and Toxic Substances 

(OPPTS) and the Office of Solid Waste and Emergency Response (OSWER) recommend 400 mglkg as 

the lowest screening level for lead-contaminated soil in a residential setting, where children are frequently 

present (U.S. EPA, July 14, 1994). OPPTS identifies 2,000 to 5,000 mglkg as an appropriate range for 

areas where contact with soil by children in a residential setting is less frequent. 

At this time, no screening level is available for non-residential areas involving adult and adolescent 

exposure only. A value of 400 mgkg was used as a screening level for soil and sediment. The Safe 

Drinking Water Act action level of 15 pg/L was used as the screening level for lead in ground water and 

surface water. 

3.3.1.2.3 Essential Nutrients and Chemicals without Toxicity Criteria 

The essential nutrients calcium, magnesium, potassium, and sodium are not included as COPCs for 
" - a _  

SWMUs 4, 5, 9, and 10. These inorganic chemicals are naturally abundant in environmental matrices 
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and are only toxic at high doses. In addition, because of the lack of toxicity criteria, risk-based COPC 

screening levels are not available for some chemicals [i.e., benzo(g,h,i)perylene, phenanthrene, delta- 

BHC]. However, if appropriate surrogate chemicals (which have toxicity criteria) are identified, they may 

be used for screening purposes, as approved. In this risk assessment, pyrene is used as a surrogate for 

benzo(g,h,i)perylene and phenanthrene, and alpha-BHC is used as a surrogate for delta-BHC. 

3.3.1.2.4 Determination of Site-Related Chemicals 

Chemicals found at concentrations indicative of background levels are not considered to be site-related 

contaminants and were not retained as COPCs for the quantitative risk assessment. The use of 

basewide background soil data were used to determine if detected metals were present at naturally 

occurring levels. Conventional statistical methods (e.g., Bartlett's T-test, the Wilcoxon Rank Sum Test, 

etc.) were employed to compare site concentrations for SWMUs 4, 5, 9, and 10 to background 

concentrations. If conventional statistical methods were not possible due to limited sample size or other 

constraints, the background comparison was conducted as a simple maximum site concentration to 

maximum background concentration comparison. 

For SWMUs 4, 5, 9, and 10, metals were eliminated from the quantitative risk assessment as follows: 

Surface and subsurface soil - Site soil data were compared to data from the NSWC Crane Basewide 

Background Soil lnvestigation (TtNUS, January 2001) by the Wilcoxon Rank Sum Test at the 

95 percent confidence level. The background data sets used for these comparisons were the 

representative soil types described in the Basewide Background Soil lnvestigation that most closely 

matched the site soil samples in terms of depositional environment, depth, and grain size. If multiple 

soil types are present at a site, the appropriate corresponding soil type from the background data set 

was used in the comparison with each site soil type. Statistical summaries of basewide background 

data for soil at NSWC Crane are presented in Tables 3-1 6 through 3-24. 

Ground water, surface water, and sediment - Basewide background data are not available for these 

media. Therefore, the concentrations in upgradient samples were used for background comparison 

by comparing the maximum site concentration of a constituent with the concentration in the 

upgradient sample. This approach is appropriate because of the limited sizes of the site and 

upgradient data sets. 

Details of the background comparisons and locations of the upgradient samples are presented in the 

SWMU;specific risk assessments (Sections 4.6.1, 5.6.1, 6.6.1, and 7.6.1). 
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The elimination of detected chemicals based on background data for soil is limited to inorganics only. 

Although some organic compounds (primarily PAHs, pesticides, and PCBs) can be a result of 

anthropogenic sources, organics are not considered to represent "true" background levels. All detected 

organic compounds are regarded as site-related for purposes of COPC selection. 

3.3.2 Exposure Assessment 

This portion of the risk assessment defines and evaluates, quantitatively or qualitatively, the type and 

magnitude of human exposure to the chemicals present at or migrating from a site. The exposure 

assessment is designed to depict the physical setting of the site, identify potentially exposed populations 

and applicable exposure pathways, calculate concentrations of COPCs to which receptors might be 

exposed, and estimate chemical intakes under the identified exposure scenarios. 

Actual or potential exposures at SWMUs 4, 5, 9, and 10 at NSWC Crane were determined based on the 

most likely pathways of contaminant release and transport, as well as human activity patterns. A 

complete exposure pathway has three components: a source of chemicals that can be released to the 

environment, a route of contaminant transport through an environmental medium, and an exposure or 

contact point for a human receptor. 

3.3.2.1 General Conceptual Site Model 

The development of a Conceptual Site Model (CSM) is an essential component of the exposure 

assessment. The CSM integrates information regarding the physical characteristics of the site, exposed 

populations, sources of contamination, and contaminant mobility (fate and transport) to identify potential 

exposure routes and receptors to be evaluated in the risk assessment. A well defined CSM allows for a 
' 

better understanding of the risks at a site and aids risk managers in the identification of the potential need 

for remediation. A general discussion of CSMs is provided in following sections. Site-specific CSMs for 

SWMUs 4, 5, 9, and 10 are presented in Sections 4.6.2, 5.6.2, 6.6.2, and 7.6.2. These figures illustrate 

the CSM for each SWMU and identify the potential exposure pathways, which are quantitatively 

evaluated in the human health and ecological risk assessments. The models were used to develop the 

proposed field investigations to ensure that the collected, data meet the needs of the risk assessments. 

Sources of contamination, contaminant release mechanisms, transportlmigration pathways, exposure 

routes, and potential receptors are defined for each SWMU. 
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Site-specific CSMs were used as a basis for the development of the investigations for SWMUs 4, 5, 9, 

and 10 [Section 4.0 of the Risk Assessment Work Plan (TtNUS, August 2000a)l. The CSM, which 

essentially defines the nature of the environmental problem at the site, depicts the relationship among the 

following elements: 

Site sources of contamination 

Contaminant release mechanisms 

TransporVmigration pathways 

Exposure routes 

Potential receptors 

Physical site characteristics, results of previous site investigations, hazard identification (detected 

chemicals of interest based on the previous investigations), and current and future land scenarios also 

were considered during the development of the site-specific CSMs. The elements of the CSM 

(contaminant source, release mechanisms, transporVmigration pathways, exposure routes, and potential 

receptors) establish the manner and degree to which a potential receptor may be exposed to chemicals 

present at each site. The degree of risk incurred by a potential receptor varies according to the means of 

exposure, the duration of exposure, and the specific chemical to which the receptor is exposed. An 

exposure, however long in duration, does not necessarily result in an "unacceptablen health or 

environmental risk, although risks generally increase with increased frequency and/or duration of 

exposure. 

Table 3-25 provides a site-specific summary of the potential receptors evaluated for SWMUs 4, 5, 9, and 

10. A summary of the exposure routes that is addressed quantitatively for each human receptor is 

provided in Table 3-26. 

3.3.2.2 Central Tendency Exposure vs. Fleasonable Maximum Exposure 

Traditionally, exposures evaluated in the human health risk assessment were based on the concept of a 

reasonable maximum exposure (RME) only, which is defined as "the maximum exposure that is 

reasonably expected to occur at a site" (U.S. EPA, December 1989). However, recent risk assessment 

guidance (U.S. EPA, February, 1992) indicates the need to address an average case or central tendency 

exposure (CTE). 

To provide a full characterization of potential exposure, both RME and CTE are evaluated in the site- 

specific risk assessments for SWMUs 4, 5, 9, and 10 at NSWC Crane. The available guidance (U.S. 
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EPA, May 1993) concerning the evaluation of CTE is limited and at times vague. Therefore, professional 

judgment may be exercised when definirlg CTE conditions for a particular receptor at a site. Exposure 

factors and assumptions for the CTE are presented in Table 3-27. 

3.3.2.3 Exposure Concentrations 

The exposure concentration, which is calculated for COPCs only, is a reasonable maximum estimate of 

the chemical concentration that is likely to be contacted over tirne by a receptor and is used to calculate 

estimated exposure intakes. The 95 percent upper confidence limit (UCL), which is based on the 

distribution of a data set, is considered to be the best estimate of the exposure concentration for data sets 

with 10 or more samples (U.S. EPA, May 1992). The 95 percent UCL is used as the exposure 

concentration to assess RME and CTE risks (U.S. EPA, May 1993). For data sets with fewer than 

10 samples, the UCL is considered to be a poor estimate of the mean, and the exposure concentration 

will be defined as the maximum detection. 

Conventional statistical methods (i.e., the Shapiro-Wilk W-Test) were used to determine the distribution 

and UCL of a particular data set (Gilbert, 1987; U.S. EPA, May 1992). Detailed sample calculations, as 
'".\ 

well as general methodology for the statistical evaluation, are presented in the site-specific risk 

assessments. Sample analytical results were averaged for statistical use. Nondetected data points were 

utilized; in general, one-half the sample-specific detection limit was employed for these analytical results. 

If the calculated 95 percent UCL exceeded the maximum detected concentration, the maximum was used 

as exposure concentration in place of the UCL. 

The following guidelines were used to calculate the EPCs: 

If a soil, ground water, surface water, or sediment data set contains fewer than 10 samples, the EPC 

for the RME and CTE case was defined as the maximum detected concentration. 

If a soil, ground water, surface water, or sediment data set contains 10 or more samples, the 

95 percent UCL on the arithmetic mean, which is based on the distribution of the data set, was 

selected as ,the EPC for the RME and CTE case. Conventional statistical methods (e.g., the Shapiro- 

Wilk W-Test, the t- and Ustatistic based UCL calculation) were used to determine the distribution and 

UCL. The "best fit" distribution (normal or lognormal) was assumed if the data set distribution was 

undefined. If the calculated 95 percent UCL exceeded the maximum detected concentration, the 

maximum concentration was used as the EPC. . I*- 
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3.3.2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure intakes are presented in this section of the 

work plan. Intakes for the identified potential receptor groups are calculated using current U.S. EPA risk 

assessment guidance (U.S. EPA, December 1989 and 2000) and presented in the risk assessment 

spreadsheets. Risk assessment spreadsheets are appended to the site-specific risk assessments as 

support documentation. 

Noncarcinogenic intakes were estimated using the concept of an average daily exposure. Carcinogenic 

intakes are calculated as an incremental lifetime average dally exposure, which will assume a life 

expectancy of 70 years. Equations used to calculate estimated intakes are provided below. Exposure 

factors and assumptions regarding exposure are presented in Table 3-27. 

3.3.2.4.1 Inhalation of Air and Fuaitive DustNolatile Emissions 

As mentioned previously in Section 3.3.1.2.1, a qualitative evaluation of exposure (i.e., comparison of 

maximum site soil concentrations to U.S. EPA generic SSLs for transfers from soil to air) was used to 

identify whether a quantitative analysis of this exposure pathway is warranted. As shown in the COPC 

selection tables in the site-specific risk assessments, the concentrations of all chemicals detected in soil 

at SWMUs 4, 5, 9, and 10 are less than the inhalation SSLs. Therefore, a quantitative evaluation of 

inhalation risks from soil is not required and the potential risks associated with the inhalation pathway are 

regarded as minimal and no further evaluation was performed. 

3.3.2.4.2 Dermal Contact with Soil/Sediment 

Direct physical contact with soil (and sediment) may result in the dermal absorption of chemicals. 

Exposures associated with the dermal route are estimated in the following manner (U.S. EPA, December 

1989 and 2000): 

Intakesi = (CSi )(SA)(AF)(ABS)(CF)EF)(ED)/(BW)(AT) 

where: Intakesi = amount of chemical "in absorbed during contact with soillsediment 

(mg/kg/day) 

csl = concentration of chemical "in in soil/sediment (mgtkg) 

S A = skin surface area available for contact (cm2/day) 

AF = skin adherence factor (mg/cm2) 
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ABS = absorption factor (dimensionless) 

CF = conversion factor (1 E-6 kglmg) 

EF = exposure frequency (dayslyr) 

ED = exposure duration (yr) 

BW = body weight (kg) 

AT = averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyr; 

foi. carcinogens, AT = 70 yrs x 365 dayslyr 

Exposed surface areas of body available for dermal contact are determined on a receptor-specific basis 

since they'correspond with assumed human activities and clothing worn during exposure events. Current 

guidance (U.S. EPA, August 1997; U.S. EPA, 2000) was used to develop the default assumptions 

concerning the amount of skin surface area available for contact for a receptor. To maintain consistency 

from project to project, input parameters previously used for other NSWC Crane risk assessments (B&R 

Environmental, IVovember 1997) were also reviewed when developing the exposed surface areas. The 

rationales used to select the skin areas are as follows: 

For maintenance and occupational workers exposed to surface soil, the surface area available for soil 

contact is assumed to be the hands and forearms of an adult male. The skin surface area is 

3,300 cm2 for the CTE and the RME. These values represent the 501h percentile areas for the head, 

hands, and forearms (U.S. EPA, August 1997). 

For construction workers exposed to surface and subsurface soil, the surface areas for the RME 

(5,800 cm2) and CTE (5,000 cm2) are the values recommended for soil contact by the U.S. EPA in the 

Exposure Factors Handbook (US. EPA, August 1997). These values represent 25 percent of the 

total body surface area of an adult male. 

For adolescent trespassers, 25 percent of the total body surface area for an adolescent (aged 6 to 

16) was assumed to be available for surface soil andlor sediment contact. The RME value 

(3,820 cm2) was derived from the 95'h percentile surface area data and the CTE value (3,100 cm2) 

was derived from the 501h percentile data, as provided in Table 6-6 of the Exposure Factors 

Handbook (US. EPA, August 1997). 

For adult recreational users assumed to be exposed to surface soil and sediment, the exposed 

surface area available for contact is the sum of the feet, lower legs, hands, and arms of an adult 
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male. This skin surface area is 9,070 cm2 for the CTE and for the RME. This value represents the 

5oth percentile areas for the head, feet, lower legs, hands, and forearms (U.S. EPA, August 1997). 

For adult residents exposed to surface soil, the exposed surface areas available for contact are the 

U.S. EPA-recommended values for adult skin surface area for exposure to soil, 5,800 cm2 for the 

RME and 5,000 cm2 for the CTE (Table 6-1 4; U.S. EPA, August 1997). For child residents assumed 

to be exposed to surface soil, the CTE and RME surface areas, 1,745 cm2 and 2,000 cm2, represent 

25 percent of the 50th and 95th percentile total body area of children ages 2 to 6, respectively, as 

provided in Table 6-6 of the Exposure Factors Handbook (U.S. EPA, August 1997). 

Values of soil adherence factors and chemical-specific dermal absorption factors provided in RAGS 

Part E (U.S. EPA, 2000) are used to evaluate risks from exposure to soil. The following soil adherence 

factors were used for the RME and CTE exposure scenarios: 

Maintenance and occupational workers - 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the C-TE 

(Exhibit 3.5; U.S. EPA, 2000). 

Construction workers - 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE (Exhibit 3.3; U.S. EPA, 

2000). 

Trespassers - 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE. This is based on the 

assumption of teens playing in moist conditions (Exhibit 3.5; U.S. EPA, 2000). 

Future adult residents and adult recreational users - 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for 

the CTE (Exhibit 3.5; U.S. EPA, 2000). 

Future child residents - 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5; U.S. EPA, 

2000). 

For the constituents identified as COPCs in soil, the following absorption factors were used (U.S. EPA, 

2000): 

PCBs-0.14 

PAHS - 0.13 

Dioxinslfurans - 0.03 
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Arsenic - 0.03 

Cadmium - 0.001 

Semivolatile Organics - 

As indicated in RAGS-Part E, absorption factors for volatiles and other metals have not been developed 

due to insufficient data to support a default value. Therefore, risks from dermal absorption of volatiles 

and metals (other than arsenic and cadmium) from soil are not quantified in this risk assessment. The 

uncertainty associated with the omission of these constituents is discussed in the uncertainty analysis. 

3.3.2.4.3 Incidental lnaestion of Soillsediment 

Incidental ingestion of soil (and sediment) by potential receptors coincides with dermal exposure. 

Exposures associated with incidental ingestion were estimated in the following manner (U.S. EPA, 

December 1989): 

where: Intakesi = 

Csi = 

IRS - - 

F I - - 

EF = 

ED = 

CF = 

BW = 

AT = 

intake of contaminant "i" from soil or sediment (mg/kg/day) 

concentration of contaminant "i" in soil or sediment (mglkg) 

ingestion rate (mglday) 

fraction ingested from contaminated source (dimensionless) 

exposure frequency (dayslyr) 

exposure duration (yr) 

conversion factor (1 E-6 kg/mg) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyr; 

for carcinogens, AT = 70 yrs x 365 dayslyr 

/ The same exposure frequencies and durations (See Table 3-27) used in the estimation of dermal intakes 

are used to estimate exposure via incidental ingestion. The default value of 1.0 is used for the fraction of 

soil ingested from the source for the RME and CTE exposure scenarios. 
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3.3.2.4.4 Dermal Contact with Ground WaterISurface Water 

The same equation is used to estimate intakes for dermal contact with ground water and surface water. 

Direct contact with ground water at SWMUs 4, 5, 9, and 10 is limited to exposure that would occur under 

a residential and construction scenario. Residential receptors are assumed to use ground water for 

domestic purposes (i.e., bathing, showering, washing dishes), which can result in a dermal exposure. 

Short-term dermal exposure is assumed to occur for the construction worker. Dermal contact with 

surface water may also occur while receptors are involved in certain activities, such as trespassing or 

recreational sport (wading, hiking, etc.). 

The following equation was used to assess exposures resulting from dermal contact with water (U.S. 

EPA, 2000): 

where: DAD, = 

DAevent = 

EV = 

ED = 

EF = 

A - - 

BW = 

AT = 

dermally absorbed dose of chemical "in from water (mg/kg/day) 

absorbed dose per event (mg/cm2-event) 

event frequency (eventsfday) 

exposure duration (yr) 

exposure frequency (dayslyr) 

skin surface area available for contact (cm2) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyr; 

for carcinogens, AT = 70 yrs x 365 dayslyr 

Ground water exposure for residential receptors is assumed to occur on a daily basis. Exposure to 

ground water for construction workers and exposure to surface water for residents, trespassers, and 

recreational users will be limited to infrequent exposure events. Dermal intakes for residents assumes 

total body exposure. For construction workers, trespassers, and recreational users, the exposed surface 

area of the body available for contact is determined based on assumed activities and is similar to the 

assumptions outlined for dermal contact with soil and sediment. 

The absorbed dose per event (DA,,,,,) was estimated using a non-steady-state approach for organic 

compounds and a traditional steady-state approach for inorganics. For organics, the following equations 

apply: 
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If tevent c t *, then : DAeven, =FA (2 K, ) (C, ) (CF) J6 T t event 

If tevent > t *,then : DAevent =FA (K,) (C, ) (CF) 
1+3B 

- where: t,,,, - 

t' - - 

FA = 

KP - - 
C, = 

T - - 

duration of event (hrlevent) 

time it takes to reach steady-state conditions (hr) 

fraction absorbed (dimensionless) 

permeability coefficient from water through skin (cmlhr) 

concentration of chemical "in in water (mg1L) 

lag time (hr) 

constant (dimensionless; equal to 3.1 41 592654) 

conversion factor (1 E-3 Ucm3) 

B - - partitioning constant derived by Bunge Model (dimensionless) --u. 

Values for the chemical-specific parameters (c,,,, t', 4, T, and B) were obtained from the current dermal 

guidance (U.S. EPA, 2000, Appendix 6). If no published values were available for a particular compound, 

they were calculated using equations provided in this guidance. 

The following non-steady-state equation was used to estimate D&,,, for inorganics: 

In general, the recommended default value of 1E-3 is used for the dermal permeability of inorganic 

constituents, unless otherwise indicated in RAGS-Part E. 

3.3.2.4.5 IncidentalIDirect lnqestion of Ground WaterlSurface Water 

Residents may be exposed to ground water via direct ingestion. Direct contact with surface waters while 

swimming or exploring could also result in the inadvertent ingestion of small amounts of water. Intakes 

associated with ingestion of water are .evaluated using the following equations (U.S. EPA, 

December 1989): +--*, 
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Intake,; = (Cwi)(lRw)(EF)(ED) I(BW)(AT) for groundwater 

Intakewi = (Cwi)(CR)(ET)(EF)(ED) I(BW)(AT) for surface water 

where: Intake, = 

C, = 

IRw - - 

CR = 

ET = 

EF = 

ED = 

BW = 

intake of chemical "in from water (mglkglday) 

concentration of chemical "in in water (mg1L) 

ingestion rate for ground water (Uday) 

contact rate for surface water (Uhr) 

exposure time for surface water (hrlday) 

exposure frequency (dayslyr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyr; 

for carcinogens, AT = 70 yrs x 365 dayslyr 

The same exposure times, frequencies, and durations used to assess dermal exposure to water are used 

to estimate intakes for ingestion of water (Table 3-27). 

3.3.2.4.6 Inhalation of Volatiles in Ground Water 

Ground water exposure may also result in an inhalation exposure to vapors of volatile organic 

compounds. This exposure route is evaluated for residential receptors only who may be exposed while 

showering, bathing, washing dishes, etc. Inhalation exposure is estimated using a mass transfer model, 

developed specifically for this exposure route, in combination with an air intake estimation model. The 

mass transfer model accounts for inhalation that occurs during a shower and after a shower while the 

receptor remains in the closed bathroom. The method employed is as follows (U.S. EPA, December 

1989; Foster and Chrostowski, June 1987): 
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intake of chemical "i" from water via inhalation (mg/kg/day) 

volatile chemical generation rate (pg/m3-min-shower) 

inhalation rate (Umin) 

exposure frequency (showerslyr) 

exposure duration (yrs) 

body weight (kg) 

averaging time or period of exposure (days) 

air exchange rate (min") 

mass transfer coefficient (min) 

shower duration (min) 

total time in bathroom (min) 

conversion factor (1 E+6 pg-Umg-m3) 

The volatile chemical generation rate is estimated using the Foster and Chrostowski mass transfer model, 

which is based on two-phase film theory. The model employs contaminant-specific mass transfer 

coefficients, Henry's Law constants, droplet diameter, drop time, viscosity, temperature, etc. Calculations 

of the shower model are provided in the appendices to the site-specific risk assessments. 

3.3.2.4.7 Summarv of Exposure Parameters 

A summary of the exposure input parameters for all exposure pathways is presented in Table 3-27 for the 

identified potential receptor groups at SWMUs 4, 5, 9, and 10. In general, standard default parameters 

(US. EPA, March 1991), which combine mid-range and upper-end exposure factors, are used to assess 

RME conditions. CTE scenarios are assessed primarily by the use of mid-range exposure factors 

presented in current risk assessment guidance (U.S. EPA, December 1989, May 1993, August 1997, and 

2000). 

3.3.2.5 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters. Exposure to lead was assessed 

using the latest version of U.S. EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead 

(U.S. EPA, February 1994 and May 2001). This model is designed to estimate blood levels of lead in 

children (under 7 years of age) based on either default or site-specific input values for air, drinking water, 

diet, dust, and soil exposure. 
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Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead. Considerable behavioral and developmental impairments have been noted in children 

with elevated blood-lead levels. The threshold for toxic effects from this chemical is believed to be in the 

range of 10 pg/dL to 15 pg/dL. Blood-lead levels greater than 10 pg/dL are considered to be a ."concern". 

For SWMUs 4,5,9, and 10, the IEUBK Model for lead was used to address exposure to lead in children 

when detected ground water and surface water concentrations exceed the 15 pg/L federal action level 

promulgated under the Safe Drinking Water Act and when detected soil and sediment concentrations 

exceed the OSWER soil screening level of 400 mglkg for residential land use (U.S. EPA, July 1994). 

Average chemical concentrations, as well as default parameters for some input parameters, are 

employed. Estimated blood-lead levels and probability density histograms are presented as support 

documentation for this analysis and are appended to the site-specific risk assessment. 

Adult exposure to lead in soil is quantified by the model provided by the U.S. EPA's Technical Review 

Workgroup for Lead (U.S. EPA, December 1996). In this model, adult exposure to lead in soil is 

addressed by an evaluation of the relationship between the site soil lead concentration and the blood-lead 

concentration in the developing fetuses of adult women. The adult lead model generates a spreadsheet 

for each exposure scenario evaluated (i.e., workers and adult residents). The spreadsheets calculate a 

range of 9!jth percentile fetal blood-lead concentrations from central estimates of blood-lead 

concentrations in pregnant adult women. The spreadsheets also calculate 95Ih percentile blood-lead 

concentrations in fetuses born to women exposed to lead in soil. 

No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead. 

Therefore, the results of the IEUBK Model for children are used to qualitatively assess exposure of this 

receptor. This is a conservative approach because the potential adverse effects from exposure to lead 

are of a lesser magnitude for adolescent trespassers than for children. 

3.3.3 Toxicity Assessment 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations. Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human health effects were defined for the identified COPCs. 

Quantitative toxicity values determined during this component of the risk assessment were integrated with 

outputs of the exposure assessment to characterize the potential for the occurrence of adverse health 

effects for each receptor group. 
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The toxicity value used to evaluate noncarcinogenic health effects is the reference dose (RfD). 

Carcinogenic effects are quantified using the cancer slope factor (CSF). 

3.3.3.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs used in the site-specific risk assessments for SWMUs 4, 5, 9, and 10 

were obtained,from the following primary literature sources: 

Integrated Risk Information System (IRIS) (on-line, November 2001) 

Annual Health Effects Assessment Summary Tables (HEAST) 

NCEA Superfund Health Risk Technical Support Center 

Although RfDs and CSFs can be found in several toxicological sources, U.S. EPA's IRIS on-line database 

is the preferred source of toxicity values. This database is continuously updated and presented values 

have been verified by U.S. EPA RfD and Carcinogenic Risk Assessment Verification Endeavor (CRAVE) 

work groups. The U.S. EPA Region 9 PRG tables and Region 3 RBC tables were also ~ lsed as a source 

of toxicity criteria. The RfDs and CSFs for the constituents selected as COPCs for SWMUs 4, 5, 9, and 

10 are presented in Tables 3-28 through 3-31. 

3.3.3.1 .I Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered doses; therefore, these values are 

considered to be inappropriate for estimating the risks associated with dermal routes of exposure. Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

comparison to estimated dermal exposure intakes is made. Because this information is not always 

readily available, all oral dose-response parameters were adjusted. 

The adjustment to an absorbed dose was made using chemical-specific absorption efficiencies published 

in RAGS Part E (U.S. EPA, 2000) and the following equations: 

where: ABS,, = absorption efficiency in the gastrointestinal tract 
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3.3.3.1.2 Toxicitv Criteria for Carcinoaenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs. The 

most extensively studied PAH is benzo(a)pyrene, which U.S. EPA classifies as a known human 

carcinogen. Although CSFs are available for benzo(a)pyrene, insufficient data are available to calculate 

CSFs for other carcinogenic PAHs. Toxic effects for these chemicals were evaluated using the concept 

of estimated orders of potential potency, as presented in current U.S. EPA guidance (U.S. EPA, 

July 1993). These parameters are based on the carcinogenicity of benzo(a)pyrene and are available for 

select carcinogenic PAHs. The equivalent oral and inhalation CSF for these chemicals is derived by 

multiplying the CSF for benzo(a)pyrene by the order of potential potency. 

3.3.3.1.3 Toxicitv Criteria for Carcinoqenic Effects of DioxinstFurans 

Similar to the concept of estimated orders of potential potency for PAHs, chlorinated dibenzo-p-dioxins 

(CDDs) and -dibenzofurans (CDFs) are evaluated using toxic equivalence factors (TEFs) relative to the 

toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (US. EPA, March 1989). Based on a variety of 

approaches that generate toxicities relative to 2,3,7,8-TCDD, U.S. EPA developed TEFs for other 

dioxinstfurans from structure-activity relationships and the available toxicological information. The 

equivalent oral CSF for these chemicals is derived by multiplying the CSF for 2,3,7,8-TCDD by the TEF. 

3.3.3.1.4 Toxicitv Criteria for Chromium 

Toxicity criteria are available for different forms of chromium, which is considered to be more toxic in the 

hexavalent state. Because there is no evidence to support the conclusion that hexavalent chromium is 

present at the sites, speciation analyses was not performed for SWMUs 4, 5, 9, and 10. However, risks 

associated with this chemical are assessed by conservatively assuming that 100 percent of the reported 

total chromium result is attributable to hexavalent chromium. 

3.3.3.2 Toxicity Profiles 

Toxicological profiles for each COPC are presented as an appendices to the risk assessments (Appendix 

G.2). These brief profiles present a summary of the currently available literature on the carcinogenic and 

noncarcinogenic health effects associated with human exposure to COPCs. 
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3.3.4 Risk Characterization 

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the exposures 

outlined in the exposure assessment are quantitatively determined during the risk characterization 

component of the baseline human health risk assessment. 

A summary and interpretive discussion of the quantitative risk estimates is provided in the text of the site- 

specific risk assessments. During the interpretive risk discussion, COPCs that contribute significantly to 

elevated risks are identified as "risk drivers" or chemicals of concern (COCs). All the numeric estimates 

of risk are contained in the risk assessment spreadsheets provided in appendices to the site-specific risk 

assessments (Appendix G). 

3.3.4.1 Quantitative Analysis 

Quantitative estimates of risk were calculated according to risk assessment methods outlined in U.S. EPA 

guidance (U.S. EPA, December 1989). Lifetime cancer risks are expressed in the form of dimensionless 

probabilities, referred to as incremental cancer risks (ICRs), based on CSFs. Noncarcinogenic risk 

estimates are presented in the form of Hazard Quotients (HQs) that are determined through a comparison m, 

of intakes with published RfDs. 

ICR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as ' 

follows: 

ICR = (Estimated Exposure Intake)(CSF) 

If the above equation resulted in an ICR greater than 0.01, the following equation was used: 

ICR = 1 -[exp (-Estimated Exposure Intake)(CSF)] 

An ICR of 1x10-~ indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

As mentioned previously, noncarcinogenic risks were assessed using .the concept of HQs and Hazard 

Indices (Hls). The HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 
,I -. _ 
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HQ = (Estimated Exposure Intake) /(RfD) 

An HI was generated by summing the individual HQs for all COPCs. The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true risk; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 

3.3.4.1.1 comparison of Quantitative Risk Estimates to Benchmarks 

To interpret the quantitative risks and to aid risk managers in determining the need for remediation at a 

site, quantitative risk estimates are compared to typical benchmarks. Calculated lCRs are interpreted 

using the U.S. EPA's target range ( 1 x 1 ~ ~  tolx10-~), and HIS will be evaluated using a value of 1 .O. 

U.S. EPA has defined the range of 1 x 1 0 ~  t o l x 1 0 ~  as the ICR target range for hazardous waste facilities 

addressed under RCRA. Individual or cumulative lCRs greater than 1x1 o4 are generally not considered 

as protective of human health. 

An HI exceeding unity (1 .O) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeds unity, target organs effects associated with exposure to COPCs are 

segregated. Only those chemicals that affect the same target organ(s) or exhibit similar critical effect(s) 

are regarded as truly additive. Consequently, it may be possible for a cumulative HI to exceed 1 .O, but no 

adverse health effects are anticipated if the COPCs do not affect the same target organ or exhibit the 

same critical effect. Individual target organ HIS for all receptors are presented in the RAGS Part D tables 

(Table 9s) presented in appendices to the site-specific risk assessments included in Appendix G. 

3.3.5 Uncertaintv Analysis 

The general uncertainiies associated with the human health risk assessment are presented in this 

section. Uncertainties for each site-specific risk assessment, including a discussion of how they may 

affect the estimated risks, are provided in Sections 4.6.4, 5.6.4, 6.6.4, and 7.6.4. 

Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the 

grouping of samples, and the procedures used to include or exclude constituents as COPCs. Uncertainty 

associated with the exposure assessment includes the values used as input variables for a given intake 

route or scenario, the assumptions made to determine exposure point concentrations, and the predictions 

regarding future land use and population characteristics. Uncertainty in the toxicity assessment includes 

the quality of the existing toxicity data needed to support dose-response relationships and the weight-of- 
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evidence used to determine the carcinogenicity of COPCs. Uncertainty in risk characterization includes 

that associated with exposure to multiple chemicals and the cumulative uncertainty from combining 

conservative assumptions made in earlier steps of the risk assessment. process. 

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the 

assumptions made throughout the risk assessment, including selection of COPCs and selection of values 

for dose-response relationships. Throughout the entire risk assessment, assumptions, which consider 

safety factors, are made so that the final calculated risks are overestimated. 

Generally, risk assessments carry two types of uncertainty: measurement and informational uncertainty. 

Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For 

example, this type of uncertainty is associated with analytical data collected for each site. The risk 

assessment reflects the accumulated variances of the individual values used. 

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity 

and exposure assessments. Often, this gap is significant, such as the absence of information on the 

effects of human exposure to low doses of a chemical, on the biological mechanism of action of a 
Imr, 

chemical, or the behavior of a chemical in soil. 

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type 

and magnitude of uncertainty involved. Reliance on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to ensure that the particular assumptions made are protective of sensitive subpopulations or the 

maximum exposed individuals. If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those assumptions, 

thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward 

overpredicting both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk 

assessnient and the uncertainties associated with those results must be considered when making risk 

management decisions. 

This interpretation is especially relevant when the risks exceed the point of departure for defining 

"acceptable" risk. For example, when risks calculated using a high degree of uncertainty are less than an 

acceptable risk level (i.e., the interpretation of no significant risk is typically straightforward. 

However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level (i.e., .*acur, 

1 0-4), a conclusion can be difficult unless uncertainty is considered. 
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3.3.5.1 Uncertainty in Selection of COPCs 

A minor amount of uncertainty is associated with the selection of COPCs that may affect the numerical 

risk estimates presented in the site-specific risk assessments. The most significant issues related to 

uncertainty in COPC selection are the existing database (i.e., the use of validated and unvalidated 

sample results), the inclusion of chemicals potentially attributable to background, the screening levels that 

are used, and the absence of screening levels for a few chemicals detected in the site media. A brief 

discussion of each of these issues is provided in the remainder of this section. 

Existina Databases 

All data used in the risk assessments for SWMUs 4, 5, 9, and 10 were obtained from samples collected in 

November and December 2000 and January 2001 (and reported in Appendix E of this report). No 

historical data were used for risk assessment purposes. All the data were validated as discussed in 

Section 3.1.4. A review of data quality is also provided in this section. The qualification of data during the 

formal data validation process is not expected to compromise the results of the baseline human health 

risk assessment. Analytical data qualified as estimated were utilized, even though the reported positive 

concentrations or sample-specific quantitation limits may be somewhat imprecise. The use of estimated 

data adds to the uncertainty associated with the risk assessment; however, the associated uncertainty is 

expected to be negligible compared to the other uncertainties inherent in the risk evaluation process (i.e., 

uncertainties with land uses, exposure scenarios, toxicological criteria, etc.). Analytical data qualified for 

blank contamination were used in the baseline risk assessment. When determining exposure 

concentrations via statistical procedures, chemicals not detected were conservatively assumed to be 

present at a concentration equal to one-half the sample-specific quantitation limit. Analytical results for 

some chemicals were qualified "R," unreliable, and were not used in the risk assessment. The sporadic 

rejection of a few chemicals in a few samples is not considered to be problematic since there are enough 

usable analytical data for these parameters to identify whether these chemicals are actually present at the 

site. In addition, based on historical knowledge of the site, most of the chemicals with rejected results are 

not expected to be present and were not related to site activities. Because only results of the most recent 

sampling events are used and because all data have been validated, the uncertainty in the calculated 

risks associated with the data is minimal. 

Chemicals Potentiallv Attributable to Background 

COPCs for SWMUs 4, 5, 9, and 10 were selected using available background concentrations for soil, 

ground water, surface water, and sediment. Metal concentrations in soil were compared to background 
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concentrations provided in the NSWC Crane Basewide Background Soil Investigation (TtNUS, January 

2001) by the Wilcoxon Rank Sum Test at the 95 percent confidence level. The background data sets 

used for these comparisons were the representative soil types described in the Basewide Background 

Soil Investigation, which most closely matched the site soil samples in terms of depositional environment, 

depth, and grain size. Use of statistical testing and matching soil types would reduce the uncertainty in 

the background comparison for soils. 

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 in the upgradient sample. This method of 

screening inorganic compounds may result in retaining inorganic compounds as COPCs that would have 

been deleted as COPCs based on a more rigorous background evaluation. Therefore, risks for these media 

may be overestimated. 

COPC Screenina Levels 

The use of risk-based screening values based on conservative land use scenarios (i.e., residential land - 
use for soil and sediment and ingestion of tap water for ground water and surface water), corresponding 

to an ILCR of 10" and HI of 0.1, should ensure that the significant contributors to risk from a site are 

evaluated. The elimination of chemicals that are present at concentrations that correspond to an ILCR 

less than 10" and an HI less than 0.1 should not affect the final conclusions of the risk assessment 

because these chemicals are not expected to cause a potential health concern at the concentrations 

detected. 

Selection of Methvlene Chloride and Bis(2-ethvlhexvl) phthalate as COPCs 

Methylene chloride and bis(2-ethylhexyl) phthalate (BEHP), which are common laboratory contaminants, 

were selected as a COPCs for some SWMUs. These chemicals were detected at low frequencies and 

concentrations and in field and laboratory blanks. The selection of methylene chloride and BEHP as 

COPCs may overestimate potential risks because these chemicals may not actually be present in 

environmental samples or concentrations may be overestimated. 

Absence of COPC Screeninq Levels 

Risk-based screening levels are currently not available for several constituents [e.g., acenaphthylene, 

benzo(g,h,i)perylene, 2-methylnaphthalene, phenanthrene, and some pesticides]. Therefore, a surrogate -*-.. 

chemical was used for these chemicals. The use of surrogates for PAHs is recommended by U.S. EPA 
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Region 1 (U.S. EPA, August 1999) by adopting the reference dose or concentration of a structurally 

similar chemical. In the COPC screening for SWMUs 4, 5, 9, and 10, pyrene is used as a surrogate for 

benzo(g,h,i)perylene and phenanthrene, naphthalene is used as the surrogate for 2-methylnaphthalene, 

acenaphthene is used as a surrogate for acenaphthylene, and alpha-BHC is used as a surrogate for 

delta-BHC. Applying toxicity values of one compound to another adds to the uncertainty in the risk 

assessment both in regard to the selection of COPCs and the subsequently calculated risks. 

3.3.5.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises because of the methods used to calculate exposure point 

concentrations, the determination of land use conditions, the selection of receptors and scenarios, and 

the selection of exposure parameters. Each of these is discussed below. 

Land Use 

The current land use patterns at NSWC Crane are well established, thereby reducing the uncertainty 

associated with land use assumptions. Land use at SWMUs 4, 5, 9, and 10 is currently limited to 

maintenance and occupational workers (for SWMU 10) and potential and infrequent trespassers and is 

expected to be limited in the future, as long as NSWC remains open. To be conservative, future potential 

residents, occupational workers, and construction workers were evaluated at these sites. Specific details 

regarding land use at each SWMU are provided in the SWMU-specific risk assessments (Sections 4.0, 

5.0, 6.0, and 7.0). 

Exposure Point Concentrations 

Uncertainty is associated with the use of the 95 percent UCL on the mean concentration as the exposure 

point concentration (EPC). As a result of using the 95 percent UCL, the estimations of potential risk for 

the RME scenario are most likely to be overstated since this is a representation of the upper limit that 

potential receptors would be exposed to over the entire exposure period. In some cases (because 

datasets were less than 10 samples or because the UCL was greater than the maximum concentration), 

the maximum concentration was used as the EPC. Use of the maximum concentration tends to 

overestimate potential risks because receptors are assumed to be exposed continuously to the maximum 

concentration for the entire exposure period. Uncertainty is also introduced when the nondetects are 

assigned a value of one-half the nondetect quantitation limit in the calculation of the EPC. This may 

either overstate or understate the risks to the receptors. 
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Exposure Routes and Receptor Identification 

The determination of various receptor groups and exposure routes of potential concern was based on 

current land use observed at the site. Therefore, the uncertainty associated with the selection of 

exposure routes and potential receptors is minimal because they are considered to be well defined. 

Exposure Parameters 

Each exposure factor (for RME and CTE scenarios) selected for use in the risk assessment has some 

associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States. The attributes and activities studied in these surveys generally have a 

broad distribution. To avoid underestimation of exposure, in most cases, the U.S. EPA guidelines (U.S. 

EPA, March 1991) on the RME receptor were used, which generally specify the use of the 95th percentile 

for most parameters. Therefore, the selected values for the RME receptor represent the upper bound of 

the observed or expected habits of the majority of the population. 

Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining 

factors for calculatirlg exposures and intakes. Many of these parameters were determined from statistical 

analyses on human population characteristics. Often, the database used to summarize a particular 

exposure parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables 

in the RME scenario have low uncertainty. For many parameters for which limited information exists (i.e., 

dermal absorption of chemicals from soil), greater uncertainty exists. For example, 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 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. 

Many of the exposure parameters used to calculate expo9ures and risks in this report are selected from a 

distribution of possible values including U.S. EPA guidance (U.S. EPA, March 1991, May 1993), and 

dermal guidance (U.S. EPA 1997 and 2000). For the RME scenario, the value representing the 95th 

percentile is generally selected for each parameter to ensure that the assessment bounds the actual risks 

from a postulated exposure. This risk number is used in risk management decisions.but does not indicate 

what a more average or typical exposure might be or what risk range might be expected for individuals in 

the exposed population. - 
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To address these issues, U.S. EPA. (February 1992) has suggested the use of the CTE receptor, whose 

intake variables are often set at approximately the 50th percentile of the distribution. The risks for this 

receptor seek to incorporate the range of uncertainty associated with various intake assumptions. Some 

of the parameters presented in this risk assessment were estimated using professional judgment, 

although U.S. EPA does provide limited guidance for the CTE evaluation (U.S. EPA, May 1993). 

Exposure parameters for the RME and CTE scenarios are presented in Table 3-27. Results of the CTE 

evaluation (calculated risks) for each SWMU are presented in Sections 4.6.4, 5.6.4, 6.6.4, and 7.6.4. 

3.3.5.3 Uncertainty in the Toxicological Evaluation 

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs and use of 

available criteria) are presented in this section. 

Derivation of Toxicitv Criteria 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose- 

response evaluations for the COPCs. The hazard assessment deals with characterizing the nature and 

strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in 

animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated 

as a weight-of-evidence determination, using the U.S. EPA methods. Positive animal cancer test data 

, suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal 

data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of 

noncancer effects, however, positive animal data often suggest the nature of the effects (i.e., the target 

tissues and type of effects) anticipated in humans. 

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data. 

Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route; 

when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar 

fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals; 

and when the chemical of concern is structurally similar to other chemicals for which the toxicity is more 

completely characterized. 

Uncertainty in the dose-response evaluation includes the determination of a CSF for the carcinogenic 

assssment and derivation of an RfD or reference concentration (RfC) for the noncarcinogenic 

assessment. Uncertainty is introduced from interspecies (animal to human) extrapolation, which, in the 
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absence of quantitative pharmacokinetic or mechanistic data, is usually based on consideration of 

interspecies differences in basal metabolic rate. Uncertainty also results from intraspecies variation. Most 

toxicity experiments are performed with animals that are very similar in age and genotype, so intragroup 

biological variation is minimal, but the human population of concern may reflect a great deal of 

heterogeneity including unusual sensitivity or tolerance to the COPC. Even toxicity data from human 

occupational exposure reflect a bias because only those individuals sufficiently healthy to attend work 

regularly (the "healthy worker effect") and those not unusually sensitive to the chemical are likely to be 

occupationally exposed. Finally, uncertainty arises from the quality of the key study from which the 

quantitative estimate is derived and the database. For cancer effects, the uncertainty associated with 

dose-response factors is mitigated by assuming the 95 percent upper bound for the slope factor. Another 

source of uncertainty in carcinogenic assessment is the method by which data from high doses in animal 

studies are extrapolated to the dose range expected for environmentally exposed humans. The 

linearized multistage model, which is used in nearly all quantitative estimations of human risk from animal 

data, is based on a nonthreshold assumption of carcinogenesis. Evidence suggests, however, that 

epigenetic carcinogens, as well as many genotoxic carcinogens, have a threshold below which they are 

noncarcinogenic. Therefore, the use of the linearized multistage model is conservative for chemicals that 

exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD or RfC to 

mitigate poor quality of the key study or gaps in the database. Additional uncertainty for noncancer 

effects arises from the use of an effect level in the estimation of an RfD or RfC, because this estimation is 

predicated on the assumption of a threshold less than which adverse effects are not expected. 

Therefore, an uncertainty factor is usually applied to estimate a no-effect level. Additional uncertainty 

arises in estimation of an RfD or RfC for chronic exposure from subchronic data. Unless empirical data 

indicate that effects do not worsen with increasing duration of exposure, an additional uncertainty factor is 

applied to the no-effect level in the subchronic study. Uncertainty in the derivation o f ' ~ f ~ s  is mitigated by 

the use of uncertainty and modifying factors that normally range between 3 and 10. The resulting 

combination of uncertainty and modifying factors may reach 1,000 or more. 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the 

case when no gastrointestinal absorption rates are available in the literature or when only qualitative 

statements regarding absorption are available. 
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Uncertainty Associated with Evaluation of DioxinsIFurans 

The risks from exposure to dioxinslfurans were calculated using a 2,3,7,8-TCDD toxicity equivalent (TEQ) 

as the exposure point concentration. The 2,3,7,8-TCDD TEQ was calculated by multiplying the 

concentration of each dioxinnuran congener in a sample by a TEF. Dioxins/furans are structurally and 

toxicologically similar. Because of these similarities with regard to human toxicity, the concentrations of the 

individual dioxinlfuran concengners can be defined in terms of 2,3,7,8-TCDD by the TEFs shown below. 

1,2,3,4,6,7,8-HPCDD - 0.01 

1,2,3,4,6,7,8-HPCDF - 0.01 

1,2,3,4,7,8,9-HPCDF - 0.01 

1,2,3,4,7,8-HXCDD - 0.1 

1,2,3,4,7,8-HXCDF - 0.1 

1,2,3,6,7,8-HXCDD - 0.1 

1,2,3,6,7,8-HXCDF - 0.1 

1,2,3,7,8,9-HXCDD - 0.1 

1,2,3,7,8,9-HXCDF - 0.1 

1,2,3,7,8-PECDD - 1.0 

1,2,3,7,8-PECDF - 0.05 

2,3,4,6,7,8-HXCDF - 0.1 

2,3,4,7,8-PECDF - 0.5 

2,3,7,8-TCDD - 1.0 

2,3,7,8-TCDF - 0.1 

OCDD - 0.0001 

OCDF - 0.0001 

For example, if the soil concentration of OCDD is 5 mgkg, this is equivalent to 0.0005 mglkg of 

2,3,7,8-TCDD. This equivalent value is typically designated as the TEQ. Using the TEQ for each 

dioxinnuran congener, a total 2,3,7,8-TCDD TEQ concentration for each sample can be derived by 

summing the TEQs for each congener in that sample. When determining the 2,3,7,8-TCDD TEQ, if the 

result for a congener in given sample was nondetect, then one-half the detection limit of that congener was 

multiplied by the TEF to generate a TEQ. The use of one-half the detection limit for nondetects for 

calculating the 2,3,7,8-TCDD TEQ may result in an overestimation of potential risks. However, a 

comparison of the 2,3,7,8-TCDD TEQ calculated using one-half the detection limit for nondetects and the 

2,3,7,8-TCDD TEQ calculated with the detection limits for nondetects equal to zero indicates that the 
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difference between the two approaches is insignificant. Consequently, it is concluded that the uncertainty 

introduced by using one-half the detection limit for nondetects is minimal. The 2,3,7,8-TCDD TEQs are 

presented in the exposure point concentration tables in Section 5.6 (dioxinslfurans were only detected in 

samples collected from SWMU 5), and the risks based on the 2,3,7,8-TCDD TEQs are presented in 

Appendix G. 

Uncertainty Associated with Evaluation of the Dermal Ex~osure Pathway 

According to RAGS Part E (U.S.EPA, 2000), risks from dermal absorption from soil are to be quantitatively 

evaluated for arsenic, cadmium, chlordane, 2,4-dichlorophenoxyacetic acid, DDT, TCDD (and other 

dioxins), PAHs, PCBs, pentachlorophenol, and semivolatile organic compounds because of the limited 

guidance available to estimate exposure to soil via dermal contact for other constituents. Therefore, the 

dermal route of exposure has been evaluated quantitatively for these chemicals only. Risks from dermal 

exposure to volatile organic compounds and metals (other than arsenic and cadmium) identified as COPCs 

for SWMUs 4,5,9, and 10 were not quantified in the risk assessment. Consequently, potential risks may be 

underestimated by excluding these constituents from the dermal risk assessment calculations. 

The quantitation of the dermal pathway for PAHs may add additional uncertainty to the risk assessment 

because it may not be appropriate to use the oral slope factor to evaluate risks from dermal exposure to 

PAHs (U.S. EPA, December 1989). This is because PAHs are known to cause skin cancer at the point of 

contact rather than from systemic action. 

Uncertaintv Associated with Evaluation of Arsenic 

Although the more restrictive basis for evaluating risk associated with exposure to arsenic is to assume it 

is a carcinogen, carcinogenic effects are not the primary health effects expected to be manifested on 

exposure to arsenic. Scientific information indicates that humans are capable of metabolizing arsenic to 

expedite its elimination from the body (ATSDR, 1997). 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. However, arsenic was conservatively evaluated as a 

carcinogen in this risk assessment. Consequently, risks for this chemical are probably overestimated to 

some degree. 

Specifically, the body methylates the arsenic to form monomethyl arsenic and dimethyl arsenic. A limited 

capacity exists for the body to methylate arsenic, but this limit is generally reached when the body's 

intake of arsenic approximately exceeds 500 pglday. The intake associated with a given amount of 
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arsenic in soil, assuming a soil ingestion rate of 200 mglday, may be calculated and related to the 
\ 

500 pg/day. These concentrations result in intakes that are related to the body's ability to metabolize 

arsenic. Although some humans may be more sensitive to arsenic, in that they are "poor methylators," 

the average exposure concentration for the site is usually orders of magnitude less than the normal limit 

of metabolic saturation and is most likely less than levels that would trigger responses in sensitive 

individuals. Site-specific uncertainty for arsenic is discussed in the SWMU-specific risk assessments. 

Use of chromium Toxicitv Criteria 

Some uncertainty is associated with the evaluation of chromium, which was assumed to be present in its 

hexavalent state. Because hexavalent chromium is considered to be more toxic than trivalent chromium, 

which essentially is more common, risks for this chemical are probably overestimated to some degree. 

Use of Aluminum, Copper and Iron Toxicity Criteria 

National Center for Environmental Assessment (NCEA) provisional RfDs are used to evaluate 

noncarcinogenic effects from exposure to aluminum, copper, and iron. The provisional RfDs for these 

chemicals are based on allowable intakes rather than adverse effect levels. Therefore, there is some 

degree of uncertainty associated with the use of the RfDs. Note that some U.S. €PA regions, e.g., Region 

1, consider the use of the oral RfD for aluminum, copper, and iron inappropriate and recommend that 

these metals not be quantitatively evaluated in risk assessments. 

3.3.5.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing 

cancer risks for several substances across different exposure pathways. This assumes that each 

substance has a similar effect andlor mode of action. Often compounds affect different organs, have 

different mechanisms of action, and differ in their fate in the body, so additivity may not be an appropriate 

assumption. However, the assumption of additivity is made to provide a conservative estimate of risk. 

Finally, the risk characterization does not consider antagonistic or synergistic effects. Little or no 

information is available to determine the potential for antagonism or synergism for the COPCs. 

Therefore, this uncertainty cannot be discussed for its impact on the risk assessment because it may 

either underestimate or overestimate potential human health risk. 
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3.4 ECOLOGICAL RISK ASSESSMENT METHODOLOGY 

3.4.1 Introduction 

The goal of the screening-level ecological risk assessment (SERA) is to determine whether adverse 

ecological impacts are present as a result of exposure to chemicals released to the environment through 

past site operations at SWMUs 4, 5, 9, and 10 at NSWC Crane. This SERA provides information to 

scientists and managers that will enable them to conclude either that ecological risks at the site are most 

likely negligible or that further information is necessary to evaluate potential ecological risks at the site. 

The SERA methodology used at NSWC Crane follows the guidance presented in the Department of Navy 

Environmental Policy Memorandum 97-04, Use of Ecological Risk Assessments (May 16, 1997), Chief of 

Naval Operations Letter 5090 SER N453El9U 59 5335 (Navy, April 1999), Navy Policy for Conduction 

Ecological Risk Assessment, the Final Guidelines for Ecological Risk Assessment (US EPA, April 1998) 

and the Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 

Ecological Risk Assessments (US EPA, June 1997). 

This SERA consists of the first two of the eight steps required by the U.S. EPA guidance (U.S. EPA, June 
-., 

1997 and April 1998) and the Navy Policy for Conducting Ecological Risk Assessments. Figure 3-1 

presents the Navy's ecological risk assessment tiered approach. The first two steps are the screening- 

level assessment. Step 3a is the first step of the Baseline Ecological Risk Assessment (BERA) and 

consists of refining the list of COPCs that are retained following the SERA. This step further refines the 

screening-level risk assessment and has been included in this SERA. Steps 3b through 7 are conducted 

if additional evaluations or investigations are necessary. Note that Steps 3b through 7 were not 

conducted as part of this report. Finally, Step 8, Risk Management, is incorporated throughout the ERA 

process, in cooperation with U.S. EPA Region 5. 

. 
In the SERA, conservative exposure estimates are made for grouped or individual ecological receptors, 

and these exposures are compared to screening levels and threshold toxicity values. The SERA includes 

the following considerations: 

Screening-level problem formulation 

Screening-level ecological effects evaluation 

Screening-level exposure estimate 

Screening-level risk calculation 
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3.4.2 Screeninn-Level Problem Formulation 

The screening-level problem formulation includes identification of potential receptor groups, COPCs, and 

the mechanisms for fate and transport and toxicity. Determination of the complete exposure pathways 

that exist at a site is accomplished at this 'point to facilitate receptor selection. As part of receptor 

identification, site habitats and potential ecological receptors are described. 

3.4.2.1 ' Basewide Environmental Setting 

A biological characterization of NSWC Crane, including a listing of plants and animals found at the facility, 

is presented in the Installation Assessment (IA; Army, 1978) and the Initial Assessment Study (IAS; 

NEESA, May 1983), and is summarized in the Environmental Monitoring Reports (EMR; Halliburton NUS 

August and November, 1992). A list of the species that may inhabit NSWC Crane and are protected 

under the U.S. Endangered Species Act, lndiana Department of Natural Resources Heritage Data Center, 

or the U.S. Fish and Wildlife Service is summarized in the RCRA Facility Permit (U.S. EPA, July 1995). 

The following paragraphs briefly summarize the environmental setting at the base. A more detailed 

description of the biology at the facility is presented in Section 1.3.7 of this report. 

Eighty percent of NSWC Crane's 63,000 acres are classified as Central Hardwoods Forest of the United 

States (hlEESA, May 1983). In addition, some agricultural fields are in various stages of succession. 

Openings on dry upland sites contain almost pure stands of grasses with some clumps of woody plants 

such as persimmon, sassafras, and sumac. Wetter sites have river birch, willow, sycamore, and 

cottonwood. Hillside communities have mostly hickory, white and black oak, red maple, sugar maple, 

tulip poplar, ash, and beech (NEESA, May 1983). 

The great variety of habitats at NSWC Crane (i.e., many stages of forest succession, streams, ponds, 

Lake Greenwood, grassy open spaces) lead to a high diversity of animal species (NEESA, May 1983). 

Some of these species include (but are not limited to) mammals such as white-tailed deer, beaver, 

coyote, hawks, red fox, rabbits, raccoons, mice; birds such as ducks, geese, wild turkey, bobwhite quail, 

red-tailed hawks, and American robins; and various amphibians, reptiles, fish, and invertebrates. 

The bird population includes a number of state or federal threatened, endangered, or species of special 

concern that use the site as their home range. These species include the bald eagle, osprey, sharp- 

shinned hawk, red-shouldered hawk, broad-winged hawk, black and white warbler, hooded warbler, and 

the worm-eating warbler (B&R Environmental, November 1997). Also, the lndiana bat, a federal 

endangered species, is known to forage at NSWC Crane. During a mist net and radiotelemetry survey 
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conducted for NSWC Crane, a male lndiana bat was captured along Furst Creek, which is approximately 

1.5 miles west of SWMU 10. No lndiana bats were captured near SWMUs 4, 5, or 9. Because of the bat 

and its potential habitat, the cutting of trees is restricted to certain times during the year, and the cutting of 

shagbark hickory trees is prohibited. 

Six main creeks receive drainage in five separate drainage basins at NSWC Crane: Furst Creek, Sulphur 

Creek, Little Sulphur Creek, Boggs Creek, Turkey Creek, and Seed Tick Creek. There also are many 

smaller streams, creeks, and drainage ditches located at the facility, along with several small man-made 

ponds and one large lake (Lake Greenwood). Lake G~eenwood is the source of potable water for NSWC 

Crane. Surface water from the facility eventually discharges to the east fork of the White River, which is 

located south of the facility. 

3.4.2.2 Contaminant Ecotoxicity and Fate and Transport 

Based on historical site data and sampling, the following parameters are among the site-related chemical 

contaminants that were detected at SWMUs 4, 5, 9, andlor 10. Note that all the chemicals mentioned in 

the following bullets were not detected or analyzed for at each SWMU. /.-I. . 

Explosives 

Metals , 
Chlorinated volatile organic compounds (VOCs) 

PAHs 

Dioxins 

PCBs 

Pesticides 

Appendix H.l presents information for each of these chemical classes. 

The results of the surface soil, surface water, and sediment sampling are presented in the SWMU-specific 

sections of this report. Physical and chemical characteristics of contaminants may affect their mobility, 

transport, and bioavailability in the environment. These characteristics include the organic carbon 

partition coefficient, octanol water partition coefficient, and vapor pressure. These characteristics are 

summarized in Section 3.2 of this report. 

This SERA uses various bioaccumulation factors (BAF), biota-sediment accumulation factors (BSAFs), .. > 

and/or bioconcentration factors (BCF) to estimate contaminant loading in plants, soil invertebrates, fish, 
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and sediment invertebrates from chemical concentrations in surface soil, sediment, or surface water. The 

following list presents the source of the BAFs, BSAFs, and BCFs that are used in this SERA (see Section 

3.4.4.3): 

Plant BAF - organics: Toxicity and Chemical-Specific Factors Database (ORLIL, 2001). These BAFs 

are used to estimate wet-weight plant concentrations from chemical concentrations in soil. Only one 

value is available for use in the conservative and average food chain model. 

Plant BAFs - inorganics: Empirical Models for the Uptake of Inorganic Chemicals from Soil by Plants 

(ORNL, September 1998). These BAFs are used to estimate dry-weight plant concentrations from 

chemical concentrations in soil. The 90% BAF is used for the conservative food chain model, and the 

median value is used for the average food chain model. 

Soil invertebrate BAFs - PCBs and inorganics: Development and Validation of Bioaccumulation 

Models for Earthworms (Sample et al., 1998). These BAFs are used to estimate dry-weight 

earthworm concentrations from chemical concentrations in soil. The 90% BAF is used for the 

conservative food chain model, and the median value is used for the average food chain model. 

Fish BSAFs - PCBs, PAHs, dioxins, and pesticides: The Incidence and Severity of Sediment 

Contamination in Surface Waters of the United States, Volume 1: l'dational Sediment Quality Survey 

(U.S. EPA, September 1997). These BSAFs are used to estimate wet weight fish concentrations 

from chemical concentrations in the sediment. These are used as the primary estimator of fish 

concentrations when the chemical is detected in the sediment. When a chemical is only detected in 

the surface water, the BCF is used to estimate the fish concentration (see below). 

Sediment invertebrate BSAFs - PCBs and inorganics: Biota Sediment Accumulation Factors for 

Invertebrates: Review and Recommendations for the Oak Ridge Reservation (ORNL, 1998). These 

BSAFs are used to estimate dry-weight invertebrate concentrations from chemical concentrations in 

sediment. The 90% BSAF is used for the conservative food chain model, and the median value is 

used for the average food chain model. 

Aquatic BCFs - Organics: Toxicitv and Chemical-Specific Factors Database (ORNL, 2001). These 

BCFs are used to estimate wet-weight fish concentrations from chemical concentrations in surface 

water. Only one value is available for use in the conservative and average food chain model. Note 

that these values are only used when a chemical was detected in the surface water but not the 

sediment. 
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Some of the BAFs presented in the documents listed previously estimate the tissue concentrations in dry 

weight. These values are converted to wet weight for use in exposure estimation in the food chain 

models by multiplying the BAF by the proportion of dry matter content of the organism (Sample, et al., 

1997). The following table presents the proportion of dry matter that was used to adjust the BAFs, where 

necessary (Sample et al., 1997). 

Other invertebrate BAFs obtained from the literature are used for chemicals that are not listed in the 

above reference sources. Contaminants that do not have BAFs or BSAFs are assigned a default value of 

1. Appendix H.4  presents a table with the all the BAFs, BSAFs, and BCFs. This appendix also presents .. 
the derivation of soil invertebrate BAFs for some of the pesticides and PAHs. 

Food Type 

Aquatic Invertebrates 
(isopods, amphipods) 

Terrestrial Invertebrates 
(earthworms) 

Terrestrial Plants 
(monocots-young grass) 

3.4.2.3 Potential Exposure Pathways 

Percent Dry Weight 

29 

. 16 

30 

The potential pathways by which ecological receptors may be exposed to COPCs at each site were 

identified, along with the species that could be adversely affected by these chemicals. Several potential 

exposure pathways may exist at the site(s). For example, terrestrial animals may be exposed to soil 

contaminants through ingestion of contaminated food items. Animals can also incidentally ingest soil 

while grooming fur, preening feathers, digging, grazing close to the soil, or feeding on items to which soil 

has adhered (such as roots and tubers). Terrestrial vegetation may be exposed to contaminants via 

direct aerial deposition and root translocation. Terrestrial animal receptors may also come into contact 

with contaminants in surface water by drinking the water, although this exposure route typically 

represents a negligible portion of total exposure for most receptors because of the relatively low 

contaminant concentrations in surface water as compared to other media. Aquatic and semi-aquatic 

organisms at the SWMUs may be exposed to contaminants via direct contact with surface water and 

sediments, incidental ingestion of surface water and sediments, and consumption of contaminated food 

items. Aquatic and semi-aquatic organisms may also be exposed to constituents from contaminated 

ground water that flows into surface water. *' -& 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9, 10 

Revision: 2 
Date: December 2004 

Section: 3 
Page 67 of 86 

The ecological CSMs for SWMUs 4, 5, 9, and 10 are presented in the SWMU-specific sections of the 

report. The potential sources of contamination were caused by various activities that have occurred at 

the SWMUs. The contaminants at the sites were primarily deposited directly on the soil and then may 

have migrated to other media (i.e., ground water, surface water, and sediment). 

3.4.2.3.1 Surface Soil 

Several groups of terrestrial ecological receptors can be exposed to contaminants in the surface soil. 

Invertebrates, such as earthworms, are exposed to the contaminants as they move through the soil and 

ingest soil particles while searching for food. Plants are exposed to the contaminants via direct contact 

as contaminants are absorbed through the roots, which may then translocate to different parts of the 

plants (i.e., leaves, seeds). 

Small mammals may be exposed to contaminants in the soil via several exposure routes. They may be 

exposed by direct contact as they search for food or burrow into the soil. However, exposure of terrestrial 

wildlife to contaminants in the soil via dermal contact is unlikely to represent a major exposure pathway 

because fur, feathers, and chitinous exoskeletons are expected to minimize transfer of contaminants 

across dermal tissue. Therefore, the dermal pathway is not evaluated in the SERA. Small mammals also 

may be exposed to contaminants in the soil via incidental ingestion of soil and ingestion of plants and/or 

invertebrates that have accumulated contaminants from the soil. These pathways are evaluated in the 

SERA. 

Larger predatory species, such as the red fox and red-tailed hawk, can be exposed (indirectly) to site 

contaminants in the soil by ingesting small mammals that have accumulated contaminants from'the soit. 

3.4.2.3.2 Ground Water 

Ecological receptors are not directly exposed to contaminants in the ground water at any of the SWMUs, 

so this exposure pathway is not complete. Exposure to ground water after it discharges to a surface 

water body is evaluated as part of the surface water pathway. 

3.4.2.3.3 Surface WaterISediment 

Contaminants in the ground water may discharge as a seep that then drains to a surface water body or 

may discharge directly to a surface water body. Contaminants in the soil may also enter the intermittent 

streams via overland flow. 
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Most of the water bodies immediately adjacent to the SWMUs are small drainage ditches that have poor 

ecological habitat and probably only support a small invertebrate population. A few of the waterbodies 

are larger and may support a small fish population as well. These receptors could be exposed to the 

water or sediment by direct contact and incidental irlgestion of water. Piscivorous wildlife may consume 

fish that have accumulated chemicals from the surface water or sediment, and bats may consume insects 

after they emerge from the water. Because the water bodies associated with the SWMUs are relatively 

small, these pathways, while complete, are not expected to account for a significant portion of this 

pathway. 

Although inhalation of particulates may be a complete pathway, it is expected to be insignificant 

compared to other pathways such as ingestion of food items that have accumulated contaminants from 

soil. Also, inhalation pathways typically are not evaluated in SERAs because of the uncertainty in 

exposures and effects concentrations. Therefore, this pathway was not evaluated. 

3.4.2.4 Endpoints 

3.4.2.4.1 Assessment Endpoints 

Assessment endpoints are explicit expressions of the environmental value that is to be protected (U.S. 

EPA, June 1997). The selection of these endpoints is based on the habitats present, the migration 

pathways of probable contaminants, and the routes that contaminants may take to enter receptors. 

The habitat at and adjacent to the sites consists of forested areas, open fields with grasses, and aquatic 

habitats. For this SERA, the assessment endpoints are the protection of the following groups of receptors 

from adverse effects of contaminants on their growth, survival, and reproduction: 

Soil invertebrates -- 

Terrestrial vegetation 

Herbivorous mammals 

Herbivorous birds 

6 Soil and sediment invertebrate-eating mammals (including bats) 

Carnivorous mammals 

Carnivorous birds 

Omnivorous mammals 
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Omnivorous birds 

Benthic invertebrates 

Fish 

The specific endpoints that are selected for each SWMU are listed in the SMWU-specific sections of this 

report. The following paragraphs discuss why the above assessment endpoints are selected for this 

SERA. 

Soil Invertebrates - Soil invertebrates are expected to be present in the soil at the site. They aid in the 

formation of soil and redistribution and decomposition of organic matter in the soil and serve as a food 

source for higher trophic level organisms. They also can accumulate some contaminants that can then 

be transferred to the higher trophic level organisms that consume invertebrates. 

Terrestrial Vegetation - Terrestrial vegetation at the site consists of grasses, shrubs, and trees. They 

serve as a food source and provide shade and cover for many organisms and help prevent soil erosion, 

among other important functions. They also can accumulate some contaminants that can then be 

transferred to the higher trophic level organisms that consume plants. 

Herbivorous Birds and Mammals - Herbivorous birds and mammals (animals that consume only plant 

tissue) may be present at the site because of the vegetative habitats. Their role in the community is 

essential because, without them, higher trophic levels could not exist. They may be exposed to and 

accumulate contaminants that are present in the plants they consume. 

Carnivorous Birds and Mammals - Carnivorous birds and mammals consist of birds and mammals that 

consume invertebrates, fish, and other mammals and birds. Soil invertebrate-eating birds and mammals 

are present throughout the base in different terrestrial habitats (i.e., forested, open field). These are 

considered first-level carnivores and they serve as a food source for higher trophic level carnivores. 

Piscivorous birds and mammals may be present along some of the larger water bodies, if significant fish 

populations are present in the creeks. Finally, carnivorous birds and mammals that feed on other birds 

and mammals are at the top of the food chain. The top carnivores typically are less densely distributed 

than the herbivores and first-level carnivores because they require a larger area to hunt for their food. All 

of the carnivores may be expose,d to and accumulate contaminants that are present in the food items they 

consume. 

Omnivorous Birds and Mammals - Omnivorous birds and mammals (that consume both plant and animal 

tissue) are present throughout the base in the different terrestrial habitats (i.e., forested, open field). They 
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may be exposed to and accumulate contaminants that are present in the plants and animals they 

consume. 

Benthic Macroinvertebrates - Benthic macroinvertebrates are similar to the soil invertebrates in that they 

serve as a food source for higher trophic level organisms (i.e., fish, amphibians, birds, mammals). They 

also can accumulate some contaminants that can then b e  transferred to the higher trophic level 

organisms that consume invertebrates. 

Fish - Fish are likely to be present in those portions in some of the creeks at the SWMUs. Fish are 

exposed to contaminants and can accumulate contaminants from the food items they consume or from 

the surface water in which they live. 

All the initial assessment endpoints are not evaluated in the SERA. As indicated in U.S. EPA guidance 

(U.S. EPA, June 1997), "it is not practical or possible to directly evaluate risks to all of the individual 

components of the ecosystem at a site. Instead, assessment endpoints focus the risk assessment on 

particular components of the ecosystem that could be adversely affected by contaminants from the site." 

Therefore, the SERA focuses on the endpoints that will tend to yield the highest risks, which should then 

account for endpoints that will have lower risks. The assessment endpoints that are selected for each 

site are presented in the site-specific sections of this report. 

The federally endangered lndiana bat has been recorded at NSWC Crane near perennial portions of Little 

Sulphur Creek, Furst Creek, and Boggs Creek although lndiana bats have not been captured near 

SWMUs 4, 5, and 9 in either of two multiple night field surveys in which bats were collected at various 

locations using mist nets (Whitaker 1996, BHE 1999). lndiana bats (especially females and juveniles) 

forage primarily in riparian and floodplain forests. These habitats are absent from SWMUs 4, 5, 9, and 

10. Male lndiana bats are also known to occasionally forage in upland forests and over old fields 

(USFWS, 1999). A male lndiana bat was captured in an area near Furst Creek approximately 1.5 miles 

northeast of SWMU 10. SWMU 10 is located on a topographic ridge with ground surface elevations at 

approximately 815 feet. Although the SWMU is not forested, the surrounding areas of SWMU 10 are 

forested. The SWMU rests on a major north-south drainage divide and drainage from the site ultimately 

flows toward Sulphur Creek or Turkey Creek. Therefore, wh~le the presence of lndiana bats at SWMU 10 

is not likely, it is possible that the lndiana bat is present in surrounding areas. For this reason, food chain 

modeling for the lndiana bat was conducted at only SWMU 10. 

Large carnivorous mammals (i.e., red fox) and birds (i.e., red-tailed hawk) are not specifically evaluated in 

this SERA because most of the sites (or the areas of potential contamination) are small and are well 
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below the typical home and feeding ranges of carnivorous animals. Potential risks to these receptors are 

discussed in the uncertainty analysis sections of the ERAS for each SWMU. Also, the highest exposure 

to site contaminants is expected to occur to the small mammals and birds that ingest earthworms or 

plants. 

The omnivores also are not specifically evaluated in this SERA because exposure to contaminants in 

plants will be highest for herbivores and exposure to contaminants in animals will be highest for 

carnivores. Therefore, the omnivores should be protected by protecting the herbivores and carnivores. 

\ 

3.4.2.4.1 Measurement Endpoints 

Measurement endpoints are estimates of biological impacts (e.g., mortality, growth and reproduction) that 

are used to evaluate the assessment endpoints. The following measures of effects are used to evaluate 

the assessment endpoints in this SERA, where applicable. 

Soil screening values - Mortality, growth, and reproduction of plants and soil invertebrates are 

evaluated by comparing the measured concentrations (maximum) of chemicals in the surface soil to 

screening values designed to be protective of ecological receptors. 

No-observed-adverse effects levels (NOAELs) for surrogate wildlife species - Mortality, reproductive, 

and/or developmental effects of birds and mammals are evaluated by comparing the estimated 

ingested dose (based on conservative and average assumptions) from contaminants in the surface 

water, sediment, surface soil, plants, invertebrates, andlor fish to these levels. 

Sediment screening values - Mortality and other adverse effects (e.g., growth, feeding rates, 

behavioral changes) of benthic macroinvertebrates are evaluated by comparing the measured 

concentrations (maxima and averages) of chemicals in the sediment to screening values designed to 

be protective of ecological receptors. 

Surface water screening values - Mortality and other adverse effects (e.g., growth, feeding rates, 

behavioral changes) of aquatic organisms are evaluated by comparing the measured concentrations 

(maxima and averages) of chemicals in the surface water to screening values designed to be 

protective of ecological receptors. 
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3.4.2.4.3 Selection of Receptor Species 

Many receptors in the soil and aquatic environments are adequately described in general categories such 

as soil invertebrates, vegetation, and sediment-dwelling (benthic) invertebrates. This is due to the nature 

of the threshold values, effects values, or water-quality criteria that are typically used to characterize risk 

for such organisms. For vertebrate receptors, selection of particular species may be required so that 

intake through eating, drinking, and other routes can be estimated. 

Receptor identification is influenced by the contaminants, their likely mode of transport, ultimate fate, and 

toxicity. For example, most metals (with notable exceptions of cadmium and mercury) typically do not 

bioaccumulate. For contaminants that bioaccumulate, such as mercury compounds and chlorinated 

pesticides, effects on upper trophic level receptors need to be assessed. For contaminants that do not 

bioaccumulate, organisms that are in direct contact with soil and sediment (i.e., sediment- and soil- 

dwelling organisms and plants) and animals that may incidentally ingest soil particles are selected as 

receptors for metals if exposure pathways are complete. Sensitivity to particular contaminants is also 

considered. For example, birds and mammals may have different sensitivities to organic compounds, so 

each group, or the most sensitive group for a particular contaminant, is assessed. 

For most receptor species, ingestion is the primary route of exposure. Indicator species are selected for 

their preferred habitat, body size, sensitivity, home range, abundance, commercial or sport utilization, 

legal status, and functional role (e.g., predators). For conservativeness, indicator species may be small 

and have small home ranges. The availability of exposure parameters such as body mass, feeding rate, 

and drinking rate may also be a factor in selecting indicator species. The following indicator species are 

used for the food chain modeling: 

Herbivorous mammal: meadow vole 

Herbivorous bird: bobwhite quail 

Carnivorous bird: American robin 

Carnivorous mammals: short tail shrew and little brown bat 

Piscivorous mammal: Raccoon 

Piscivorous bird: Belted kingfisher 

Note that the little brown bat is being used as an indicator species for the Indiana bat, based on the 

availability of exposure parameters for the little brown bat. Receptor profiles for each of these species 

are presented in Appendix H.2. 
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3.4.2.5 Preliminary Ecological Effects Evaluation 

The preliminary ecological effects evaluation is an investigation of the relationship between the magnitude 

of exposure to a chemical and the nature and magnitude of adverse effects resulting from exposure. As 

the first step in the ecological effects evaluation, chemicals of potential concern (COPCs) are selected by 

comparing the contaminant concentrations in the surface water, sediment, and surface soil samples to 

Region 5 ecological data quality levels (EDQLs) (U.S. EPA, Region 5, October 1999). The EDQLs are 

presented in Tables 3-14 and 3-15. As indicated in U.S. EPA Region 5 (October 1999), the EDQLs 

provide an initial screening level for chemicals in environmental media which are protective of plants, 

invertebrates, and mammals. Although the EDQLs have since been updated by the Ecological Screening 

levels (ESLs) (U.S. EPA Region 5,2003), they were not used to select chemicals as COPCs because the 

RFI report was prepared before the ESLs were published. The ESLs were discussed in the Step 3a 

evaluation of the risk assessments (see Section 3.4.4). Note that the ground water data are not 

compared to surface water EDQLs because surface water was present and sampled at all the SWMUs. 

The following bullets summarize the procedures that are used in the SERAs for SWMUs 4, 5, 9, and 10 to 

select COPCs. Calcium, magnesium, potassium, and sodium are not retained as COPCs in any medium 

because of their relatively low toxicity to ecological receptors and their high natural variability in 

concentrations. Contaminants without EDQLs are retained as COPCs for further evaluation. 

3.4.3 Ecoloaical Screening 

Surface Water and Sediment for Benthic Macroinvertebrates, Fish, and Terrestrial Wildlife 

lnorganic and organic contaminants whose maximum concentrations do not exceed EDQLs are not 

retained as COPCs. 

lnorganic contaminants whose maximum concentrations do not exceed the maximum upstream or 

upgradient concentrations are not retained as COPCs. 

Surface Soil for Invertebrates, Plants, and Terrestrial Wildlife 

lnorganic and organic contaminants whose maximum concentrations do not exceed EDQLs are not 

retained as COPCs. 

lnorganic contaminants whose maximum concentrations do not exceed the site-specific background 

concentrations are not retained as COPCs. 
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Contaminants that are retained as COPCs are further evaluated as part of Step 3a of the eight-step ERA 

process. The next section presents the methodology for evaluating the data in Step 3a. 

3.4.4 Step 3a - Refinement of the Screening 

Step 3a consists of refining the conservative exposure assumptionslconcentrations when evaluating 

potential risks to ecological receptors (i.e., plants, invertebrates, and wildlife receptors) and re-evaluating 

the analytical data using benchmarks that may be more appropriate for the assessment endpoints. The 

objective of the Step 3a evaluation is to further reduce the number of chemicals retained as COPCs, if 

possible, to focus any additional efforts on those chemicals causing ecological concern. The Step 3a 

evaluation is designed to eliminate chemicals from further evaluation for certain groups of receptors. For 

example, a chemical may not be retained as a COPC in soil based on risks to soil invertebrates but may 

be retained for evaluating risks to plants or wildlife. Therefore, chemicals are evaluated during Step 3a in 

order of plantslinvertebrates, aquatic receptors, and wildlife. 

3.4.4.1 Surface Soil 

.* . 
Chemicals that were initially selected as COPCs in surface soil were carried through three independent 

flow paths: 1) to further evaluate risks to plants, 2) to further evaluate risks to invertebrates, and 3) to 

further evaluate risks to wildlife (i.e., mammals and birds). This further evaluation was conducted to 

determine if there are potential risks to all three receptor groups (i.e., plants, invertebrates, and wildlife), 

or to only one or two of the receptor groups. This is important because if the site proceeds further in a 

BERA, the studies in the BERA should only focus on the receptors that are at potential risk. Because 

most of the Region 5 soil screening levels are based on risks to mammals or birds, potential risks to 

plants and invertebrates are not known. Therefore, the first step in the Step 3a evaluation was to 

compare the maximum chemical concentration in the soil to "no-effects benchmarks" for plants and 

invertebrates such as the US EPA Ecological Soil Screeqing Levels (Eco SSLs). Note that although the 

Eco SSLs are based on effects concentrations such as ECPO~, samples with chemical concentrations less 

than these effects concentrations are not expected to have significant population affects. The following 

bullets outline decisions that were made based on this comparison: 

If the concentration was less than the no-effects benchmark, it was concluded that the chemical is not 

causing an unacceptable risk to that receptor group and the chemical was not evaluated further in 

Step 3a. 
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If the chemical concentration was greater than the no-effects benchmark (or the chemical does not 

have a no-effects benchmark), the chemical was further evaluated in Step 3a to determine if the risks 

are great enough to warrant additional evaluations [i.e., proceed to a BERA, develop cleanup levels, 

proceed to a corrective measures study (CMS), etc.]. 

Concurrent with the evaluation of risks to plants and invertebrates, bioaccumulative chemicals that were 

retained as COPCs were further evaluated to determine if there are unacceptable risks to wildlife. Even 

though the conservative COPC screening level may have been based on risks to wildlife, risks to wildlife 

were further evaluated in Step 3a to calculate risks under a less conservative exposure scenario. The 

first step in the process was to determine if the COPC is bioaccumulative. A chemical was considered to 

be bioaccumulative if it is included in the list of important bioaccumulative chemicals in U.S.EPA (2000). 

Also, some chemicals, such as energetics, that are not typically considered to be very bioaccumulative 

were included in the food chain models to be conservative. If the chemical is not bioaccumulative, it was 

not carried through the food chain model and it was concluded that the chemical is not causing an 

unacceptable risk to wildlife. If the chemical is bioaccumulative, it was carried through the food chain 

model. The following bullets outline decisions that were made based on the results of the food chain 

model: 

If the EEQ (see Section 3.4.5) is less than 1.0 using average contaminant concentrations and 

exposure factors and the NOAEL as the TRV, itwas concluded that the chemical is not causing an 

unacceptable risk to wildlife and the chemical was not evaluated further in Step 3a. 

If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

the NOAEL as the TRV, the chemical was further evaluated in Step 3a to determine if the risks are 

great enough to warrant additional evaluations (i.e., proceed to a BERA, develop cleanup levels, 

proceed to a CMS, etc.). 

For chemicals evaluated further in Step 3a, the other Step 3a factors described below were used to 

determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS, etc.). 

3.4.4.2 Sediment 

Chemicals selected as COPCs in sediment were carried through two independent flow paths: 1) to further 

evaluate risks to invertebrates, and 2) to further evaluate risks to wildlife (i.e., mammals and birds). This 

further evaluation was conducted to determine if there are potential risks from that chemical to both 
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receptor groups (i.e., invertebrates and wildlife), to only one of the receptor groups, or to neither of the 

receptor groups. This is important because if the site proceeds further in a BERA, the studies in the 

BERA should only focus on the receptors that are at potential risk. Because manyof the Region 5 

sediment screening levels are based on equilibrium partitioning, the maximum contaminant concentration 

was compared to an alternate lower effects level following the order of preference listed below (as 

applicable): 

USEPA (2003) Sediment Quality Benchmarks for dieldrinand endrin 

Consensus-Based Threshold Effect Concentrations (TECs) (MacDonald et al., 2000) 

Canadian Sediment Guidelines (OMOE, 1993) Lowest Effects Levels 

Canadian Environmental Quality Guidelines (EC, 2002) 

Long and Morgan (1 991) Effects-Range Low 

Long et al., (1 995) Effects-Range Low 

Ecotox Thresholds (USEPA, 1996) Sediment Quality Benchmarks 

Other values, as necessary and available 

The following bullets outline decisions that were made based on this comparison: 

If the concentration was less than the lower-effects benchmark, it was concluded that the chemical is 

not causing an unacceptable risk to invertebrates and the chemical was not evaluated further in Step 

3a. 

If the concentration was greater than the lower-effects benchmark, the chemical was further 

evaluated in Step 3a to determine if the risks are great enough to warrant additional evaluations (i.e., 

proceed to a BERA, develop cleanup levels, proceed to a CMS, etc.). 

For chemicals evaluated further in Step 3a, the other Step 3a factors described below were used to 

determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS, etc.). 

3.4.4.3 Surface Water 

Chemicals selected as COPCs in surface water were carried through two independent flow paths: 1) to 

further evaluate risks to aquatic organisms, and 2) to further evaluate risks to wildlife (i.e., mammals and 
P .  

birds). This further evaluation was conducted to determine if there are potential risks from that chemical 

to both receptor groups (i.e., invertebrates and wildlife), or to only one of the receptor groups. This is 
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important because if the site proceeds further in a BERA, the studies in the BERA should only focus on 

the receptors that are at potential risk. Organic chemicals that are retained as COPCs were evaluated 

directly in Step 3a. However, for metals, the following decisions were made: 

If the metal was either not detected in the filtered samples, or was detected at a concentration less 

than the screening level in the filtered samples, it was concluded that the chemical is not causing an 

unacceptable risk to aquatic organisms and the chemical was not evaluated further in Step 3a. 

If the metal was detected in the filtered samples at a concentration greater than the screening level, 

and the chemical concentration was greater than background (or upgradient concentrations), it was 

concluded that the chemical may be causing an unacceptable risk to aquatic organisms and the 

chemical was evaluated further in Step 3a. 

If the metal was detected in the filtered samples at a concentration greater than the screening level, 

but the chemical concentration was less than background (or upgradient concentrations), it was 

concluded that the chemical is not causing an unacceptable site-related risk to aquatic organisms and 

the chemical was not evaluated further instep 3a. 

For chemicals evaluated further in Step 3a, the other Step 3a factors described below were used to 

determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS, etc.). 

3.4.4.4 Other Step 3a Factors 

For chemicals that are evaluated further in Step 3a, the following factors were evaluated, as appropriate, 

to determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS). 

Magnitude of criterion exceedance: Although the magnitude of the risks may not relate directly to the 

magnitude of a criterion exceedance, the magnitude of the criterion exceedance may be one item 

used in a lines-of-evidence approach to determine the need for further site evaluation. The greater 

the criterion exceedance, the greater the probability and concern that an unacceptable risk exists. 

Frequency of chemical detection and spatial distribution: A chemical detected at a low frequency 

typically is of less concern than a chemical detected at higher frequency if toxicity and concentrations 
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and spatial areas represented by the data are similar. All else being equal, chemicals detected 

frequently were given greater consideration than those detected relatively infrequently. 

Contaminant bioavailability: Many contaminants (especially metals) are present in the environment in 

forms that are typically not bioavailable, and the limited bioavailability was considered when 

evaluating the exposures of receptors to site contaminants. Contaminants with generally less 

bioavailability are considered to be less toxic than the more bioavailable contaminants, all other 

factors being equal. 

Habitat: Although exceedances of criteria may occur, potential risks to ecological receptors may be 

minimal if there is little habitat for those receptors. Therefore, the extent of habitat was used 

qualitatively when considering additional evaluation. Areas with little habitat were less of a concern 

than areas with suitable habitat to support the receptors of interest. 

Alternate benchmarks: These benchmarks are used to further evaluate risks to specific groups of 

ecological receptors (e.g., plants, invertebrates) because while EDQLs are useful for initial screening 

they are the most conservative values available for soil and sediment evaluation. Use of alternate c-". 

benchmarks ensures that more realistic exposure assumptions are evaluated. However, some of the 

alternate benchmarks are overly protective for some receptors and may not have been in some 

cases. For example, the EDQLs for soil may be based on risks to small mammals. Therefore, an 

exceedance of that EDQL does not necessarily indicate that potential risks to plants or invertebrates 

exist, so other more appropriate benchmarks were used to evaluate potential risks to those receptors. 

Use of these alternate benchmarks was case-specific. 

In addition to the general Step 3a factors above, other factors were evaluated in Step 3a for each 

receptor group. The following sections discuss the other factors than may be used, including the specific 

alternate benchmarks that may be used in Step 3a. 

Terrestrial Plants and Invertebrates: The alternate binchmarks that were used to further evaluate risks 

to plants and invertebrates are listed below. The ecological endpoint for each benchmark that was used 

in this step was provided in the ERA. For example, if a benchmark is based on a 25% reduction in growth 

to a lettuce plant, that information was presented. 

Canadian Soil Quality Guidelines (CCME, 1997). 
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Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks for Contaminants of Potential 

Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision 

(Efroymson, et al., 1997a). 

ORNL Toxicological Benchmarks for Screening Contaminants of Potential 'Concern for Effects on 

Terrestrial Plants: 1997 Revision (Efroymson, et al., 1997b). 

Additional sources of toxicity data from the literature were used to evaluate potential risks to terrestrial 

vegetation and invertebrates from contaminants in the surface soil not included in the above documents. 

Sediment: In addition to the Step 3a factors presented above, additional evaluations for sediment 

included comparing the chemical concentrations in the sediment to higher effects levels to show the 

probability of a range of possible effects. The higher effects levels that were used to further evaluate 

risks to benthic invertebrates were from the same sources listed in order of preference in Section 3.4.4.2. 

A description of what the higher effects levels that are used in this step represent is provided in the 

SWMU-specific ERA sections of this report. 

Surface Water: In addition to the Step 3a factors presented above, additional evaluations for surface 

water may include comparing the chemical concentrations in the surface water to acute water quality 

standardstcriteria to show a range of possible effects. More emphasis was placed on the dissolved 

metals concentrations (compared to total metals concentrations) because dissolved metals are a better 

indicator of potential bioavailability than are total recoverable metals. 

3.4.4.5 Terrestrial Food Chain Modeling 

Most of the above-mentioned additional surface soil standards and benchmark values are not designed to 

screen out risks to terrestrial wildlife ingestion of the soil, sediment, surface water, plants, invertebrates, 

and fish. Therefore, in addition to comparing the soil concentrations to toxicity values for terrestrial 

invertebrates and plants, a terrestrial intake model is used to estimate the exposure of the COPCs to 

terrestrial receptors. Chemicals evaluated in the terrestrial food-chain model were limited to those 

identified by the U.S. EPA as bioaccumulative (U.S. EPA, February 2000). The primary reason for 

including only bioaccumulative chemicals in the food chain model is based on the assumption that 

although wildlife can be exposed to chemicals that do not accumulate in food items (i.e., plants, 

invertebrates), via direct ingestion of the media (i.e., soil), the exposure of the animal consuming that 

chemical will be low if the chemical is not accumulating in the food item. 
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Risk to terrestrial receptors to the COPCs in the soil, sediment, and surface water is determined by 

estimating the chronic daily intake (CDI) and comparing the CDI to TRVs representing acceptable daily 

doses in mglkglday. The TRVs are developed from NOAELs and lowest-observed-adverse-effect-levels 

(LOAELs) obtained from wildlife studies, if available. The majority of the TRVs are obtained from the 

ORNL Toxicological Benchmarks for Wildlife: 1996 Revision (Sample et al., 1996). Toxicity data in the 

Agency for Toxic Substances and Disease Registry (ATSDR) toxicity profiles and IRIS printouts also are 

utilized, when necessary. Appendix H.3 presents the TRVs that are used in this report and the derivation 

of the TRVs using the body-weight scaling equation presented below. The appendix also presents the 

ecological endpoints for the TRVs. 

For avian species, the NOAEL (or LOAEL) for the test species is used as the NOAEL (or LOAEL) for the 

surrogate species in accordance with Sample et al. (1996). For mammalian species, the NOAEL (or 

LOAEL) from one species is adjusted to a NOAEL for LOAEL) for the surrogate species using the 

following body-weight scaling equation from Sample et al. (1996). Note that based on more recent 

publications [Sample, B. and C. Arenal 1999, Allometric Models for lnterspecies Extrapolation of Wildlife 

Toxicity Data (Bull Environ Contam Toxicol 62: 653-663)], U.S. EPA Region 5 indicated that the use of 

the metabolic scaling factor may not be appropriate for toxicitylbody weight extrapolation factors. -* 

Therefore, U.S. EPA recommended that the toxicitylbody weight equation be performed without the use 

of the scaling factor of 0.25. 

NOAELw = NOAELt (bwtlbww) 

Where: NOAELw = no-observed-adverse-effect-level for the surrogate wildlife species 

NOAELt = no-observed-adverse-effect-level for the test species 

bwt = body weight of the test species 

bww = body weight of the surrogate test species 

The body-weight scaling is done because studies have shown that, for mammals, numerous physiological 

functions such as metabolic rate, as well as responses t toxic chemicals, are a function of body size 

(Sample et al., 1996). However, Sample et al. (1 996) indicated that physiological scaling factors may not 

be appropriate for birds. Therefore, a scaling factor of 1.0 is used for birds in this SERA. Table H.2-1 in 

Appendix H.2 presents the body weights that are used for the surrogate and potential test species. 

When a subchronic study is used to develop the TRV, the final value is multiplied by a factor of 0.1 to 
,rvln 

account for uncertainty between subchronic and chronic effects. Also, when a LOAEL study is used to 

develop the IVOAEL TRV, the LOAEL is multiplied by a factor of 0.1 to obtain the NOAEL. 
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3.4.4.6 Characterization of Exposure 

This section describes the potential or actual contact or co-occurrence of the contaminants with the 

receptors to determine their exposure dose. 

Terrestrial soil invertebrates and plants are exposed to contaminants in the surface soil through direct 

contact and/or ingestion. Aquatic organisms are exposed to contaminants in the surface water and 

sediment through direct contact andlor ingestion. The maximum and average soil, surface water, andlor 

sediment concentrations are compared to the applicable soil screening values to determine potential risk 

to these ecological receptors to obtain a range of exposures. 

Exposure of the terrestrial receptors to the COPCs in the surface soil, sediment, and surface water is 

determined by estimating the daily doses in mg/kg/day using exposure equations. The contaminant 

concentrations in the surface soil, sediment, and surface water are used to calculate the CDI doses. The 

following equation presents the food chain model that is used for the surrogate species that are selected 

for modeling: 

CDI Dose (mg/kg/day) = + (Sl ' CS- or Csd - 

BW 

Where: CDI 

FI 

FC 

W I 

csw 

BW 

SI 

css 
Csd 

= Chronic daily intake (mg/kg/day) 

= Food ingestion rate (kg/day) 

= Food concentration (mg/kg) 

= Surface water ingestion rate (Uday) 

= Contaminant concentration in surface water (mg/L) 

= Body weight (kg) 

= Incidental soil or sediment ingestion rate (kg/day) 

= Contaminant concentration in surface soil (mgkg) 

= Contaminant concentration in sediment (mgkg) 

For inorganic constituents in surface soil and sediment, as well as organic constituents in surface soil, the 

contaminant concentration of the prey items (i.e., earthworms, fish) is calculated using the following 

equation: 

FC = Css of Csd ' BAF 
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Where: FC = Contaminant concentration in food (nlgikg) 

Css = Contaminant concentration in soil (mglkg) 

CSd = Contaminant concentration in sediment (mglkg) 

BAF = Bioaccumulation Factor (chemical-specific) 

For organic constituents in the sediment, the contaminant concentration of the prey items is calculated 

using the following equation: 

FC = 
Csd * %L * BSAF 

OATOC I 

Where: FC = Contaminant concentration in food (mgkg) 

CSd = contaminant concentration in sediment (mgikg) 

%L = Percentage of lipids in fish [3.6% = the average of various species of sunfish. 

Appendix H.4 presents the calculation used to derive this value (U.S. EPA, 

September 1997)l 

BSAF = Biota-Sediment Accumulation Factor (chemical-specific) 

%TOC = Percentage of total organic carbon in sediment (site-specific) 

The lower bound of the threshold effects is based on consistently conservative assumptions and NOAEL 

toxicity values (U.S. EPA, September 1997). This bound presents the highest potential risks. The upper 

bound is based on observed impacts or predictions that ecological effects could occur and is developed 

using consistent assumptions, site-specific data, LOAEL toxicity values, or an impact evaluation (U.S. 

EPA, September 1997). This bound presents the average potential risk. Both the upper and lower 

bounds are evaluated in this SERA to provide the overall range of potential risks as presented in the 

following table: 
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Conservative Scenario 

95% UCL soil, surface water, or sediment 
concentration 

90% BAFIBSAF value from the literature (when 
available) 

Highest receptor body weight for NOAEL 
calculation 

Lowest receptor body weight for CDI equation 

Conservative receptor ingestion rate 

Average Scenario 

Average soil, surface water, or sediment 
concentration 

Median BAFlBSAFvalue from the literature (when 
available) 

Average receptor body weight for LOAEL 
calculation 

Average receptor body weight for CDI equation 

Average receptor ingestion rate 
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The exposure assumptions (i.e., ingestion rate, body weight) are obtained from the Wildlife Exposure 

Factors Handbook (U.S. EPA, December 1993) or other literature sources. Table H.2-1 in Appendix H.2 

presents the exposure parameters that are used in the SERA. Table H.2.2 in Appendix H.2 presents the 

values that are used to calculate the exposure parameters and a discussion of how they are calculated. 

Conservative Scenario 

Use NOAELS 

Receptors spend 100% of their time at the site 

Note that the receptors home ranges are not used quantitatively in the food chain model. However, the 

home ranges are discussed qualitatively in the Step 3a evaluation and uncertainty analysis sections of 

the ERAS for each SWMU, when applicable. 

Average Scenario 

Use LOAELs 

Receptor's home range taken into account 

3.4.4.7 Ecological Risk Characterization 

The risk characterization is the final phase of a risk assessment that compares the exposure to the 

ecological effects. It is at this phase that the likelihood of adverse effects occurring as a result of 

exposure to a stressor will be evaluated. An ecological effects quotient (EEQ) approach is used to 

characterize the risk to terrestrial receptors. This approach characterizes the potential effects by 

comparing exposure concentration with the effects data. An EEQ greater than 1.0 is considered to 

indicate a potential risk. The EEQ is not an expression of probability, and the meaning of values greater 

than 1.0 must be interpreted in light of attendant uncertainties in risk management. Note that the EEQs 

are presented on the COPC tables. 

An EEQ for the aquatic receptors is calculated as follows: 

Csw sd EEQ =-or- 
SWSL SSL 

Where: EEQ = Ecological Effects Quotient (unitless) 

Cs, = Contaminant concentration in surface water (pg1L) 

CSd = Contaminant concentration in sediment (pglkg or mglkg) 

SWSL = Surface Water Screening Level (pg/L) 

SSL = Sediment Screening Level (pglkg or mgkg) 

An EEQ for terrestrial plants and invertebrates is calculated as follows: 
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.Css EEQ = - 
SSSL 

Where: EEQ = Ecological Effects Quotient (unitless) 

Css = Contaminant concentration in surface soil (pglkg or mgtkg) 

SSSL = Plant or Invertebrate Screening Level in Soil (pglkg or mglkg) 

The EEQ for the terrestrial wildlife model is calculated as follows: 

Dose 
EEQ = - 

TRV 

Where: EEQ = Ecological Effects Quotient (unitless) 

Dose = Daily Intake Dose (mglkglday) 

TRV = Toxicity Reference Value (NOAEL or LOAEL) (mglkglday) 
7 

3.4.5 Ecoloqical Risk Uncertaintv Analvsis 

This section presents some of the uncertainties associated with ecological risk assessments. 

Uncertainties associated with particular SWMUs are presented in the SWMU-specific sections of the 

report. 

3.4.5.1 Measurement and Assessment Endpoints 

Measurement endpoints are used to evaluate the assessment endpoints that are selected for the SERA. 

For this SERA, the measures of effects are not the same as the assessment endpoints. Therefore, the 

measures are used to predict effects to the assessment endpoints by selecting surrogate species that will 

be evaluated. For example, a decrease in reproduction of a shrew is used to assess a decrease in 

reproduction of the small mammal population. However, predicting a decrease in reproduction of a shrew 

may either under- or overprotect the small mammal population, resulting from differences in ingestion 

rates, toxicity, food preferences, etc. among different species. 

Risks to reptiles and amphibians are not quantitatively evaluated because exposure factors are not 

established for most species, and toxicity data are very limited. However, risks to reptiles and amphibians 

are qualitatively evaluated as part of the SERA. 
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The contaminant dose to terrestrial wildlife is calculated using an equation that incorporates ingestion 

rates, body weights, bioaccumulation factors, and other exposure factors. These exposure factors are 

obtained from literature studies or are predicted using various equations. Ingestion rates and body 

weights vary among species, especially among species inhabiting different areas. Where possible, 

exposure factors were selected from locations near or in Indiana to limit some of these uncertainties. 

Bioaccumulation of contaminants into various biological media (i.e., plants, invertebrates, small 

mammals) depends on characteristics of the media such as pH, organic carbon, etc. Therefore, actual 

bioaccumulation factors at the site may be different than those used in the ERA that were obtained from 

the literature. Also, the bioavailability of the chemicals is not taken into account in this SERA. All the 

chemicals are assumed to be 100 percent bioavailable at the detected concentrations, which is unlikely to 

occur for contaminants in the environment. 

There is uncertainty in the chemical data that are collected at the site. Measured levels of chemicals are 

only estimates of the true site chemical concentrations. For samples that are deliberately biased toward 

known or suspected high concentrations, predicted doses probably will be higher than actual doses. 

Finally, under the conservative exposure scenario, terrestrial wildlife are assumed to live and feed only at 

the site. These assumptions will tend to overpredict risk because it is unlikely that most receptors will 

obtain all their food from within the site boundaries and from the most contaminated areas. 

3.4.5.3 Ecological Effects Data 

There is uncertainty in the ecological toxicity value comparison. The water quality criteria developed by 

U.S. EPA in theory protects 95 percent of the exposed species. Therefore, some sensitive species may 

be present at the site that are not protected by the use of these criteria. There also may be situations 

where the SWSLs are over-predictive of risk if the sensitive species used to develop the criteria do not 

inhabit the site. Finally, with the exception of hardness for a few metals, the SWSLs do not account for 

site-specific factors, such as TOC or pH, that may affect toxicity. 

Potential adverse impacts to aquatic receptors from constituents in the sediment are evaluated by 

comparing the COPC concentration to SdSLs. The SdSLs have more uncertainty associated with them 

than do the SWSLs for the following reasons: The procedures for developing them are not as well 

established, so screening levels have been developed using different methodologies and there are fewer 
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sediment toxicity data than surface water toxicity data. Sediment characteristics (i.e., pH, acid volatile 

sulfides, total organic carbon) also will have a large impact on the bioavailability and toxicity of 

constituents. 

Potentially adverse impacts to terrestrial plants and invertebrates from constituents in the surface soil are 

evaluated by comparing the COPC concentration to SSSLs. The SSSLs are similar to the sediment 

screening levels in that they are less established than the SWSLs. Fewer studies and fewer data are 

available for establishing SSSLs than SdSLs and many of the SSSLs are based on the results of only a 

few studies. In addition, the SSSLs are based on different endpoints, depending on the preference of the 
I 

agency that developed them. Therefore, they have more uncertainty than surface water and sediment 

screening values. 

The NOAELs and LOAELs that were selected for the wildlife endpoint species were based on species 

other than the endpoint species (i.e., rats, mice, ducks). There is uncertainty in the application of toxicity 

data across species because the contaminant may be more or less toxic to the endpoint species than it 

was to the test study species. 

The toxicity of chemical mixtures is not well understood. All the toxicity information used in the ERA for 

evaluating risk to the ecological receptors is for individual chemicals. Chemical mixtures can affect the 

organisms very differently than the individual chemicals because of synergistic or antagonistic effects. 

Finally, toxicological data for a few of the COPCs are limited or do not exist. Therefore, there is 

uncertainty in any conclusions involving the potential impacts to ecological receptors from these 

constituents. 

3.4.5.4 Risk Characterization 

Risks are possible if an EEQ is greater than or equal to unity regardless of the magnitude of the EEQ. 

However, the magnitude of effects to'ecological receptors cannot be inferred based on the magnitude of 

the EEQ. Rather, an EEQ greater than 1.0 simply indicates that the dose used to derive the toxicity 

reference value was exceeded.   in ally,' there is uncertainty in how the predicted risks to a species at the 

site translate into risk to the population in the area as a whole. 
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TABLE 3-1 

FIELD DUPLICATES PER SAMPLES 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

Medium 

Surface/Subsurface 

Sediment 

Ground Water 

Surface Water 

SWMU 4 

No. of 
Samples 

26 

6 

9 

5 

SWMU 5 SWMU 10 

Field 
Dups 

3 

1 

1 

1 

No. of 
Samples 

15 

5 

15 

5 

SWMU 9 

No. of 
Samples 

20 

12 

18 

12 

Field 
Dups 

2 

1 

2 

1 

No. of 
Samples 

22 

5 

13 

5 

Field 
Dups 

2 

1 

2 

2 

Field 
Dups 

3 

1 

2 

1 



TABLE 3-2 

MATRIX SPIKES PER SAMPLES 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

Medium 

Surface/Subsurface 

Sediment 

Ground Water 

Surface Water 

SWMU 4 SWMU 5 

No. of 
Samples 

26 

6 

9 

5 

No. of 
samples 

15 

5 

15 

5 

MS 

2 

1 

1 

1 

MS 

1 

1 

1 

1 

SWMU 9 

No. of 
samples 

22 

5 

13 

5 

SWMU 10 

MS 

2 

1 

1 

1 

No. of 
samples 

20 

12 

18 

12 

MS 

1 

1 

1 

1 



TABLE 3-3 

QUALIFICA'I'ION RATES FOR LABORATORY AND FIELD DUPLICATE PRECISION 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Surface I t%:E 1 Subsurface 
I Sediment I Ground Water / Surface Water / 

SWMU 4 

SWMU 5 

1 VOC 

svoc 
PestlPCB 

Herb 

Metals 

Metals (F) 

Misc. 

SWMU 9 

Lab 

0% 

0% 

0% 

0% 

0% 

NAF 

0% 

1 VOC I 0% I 0% I 0% I 0% I 0% I 0% I 0% I 0% I 

Lab 

0% 

0% 

0% 

0% 

0% 

IVAF 

0% 

VOC 

SVOC 

PestlPCB 

Herb 

Dioxin 

Metals 
Metals (F) 

Misc. 

I svoc 1 0 %  I < I% 0 %  1 0 %  1 0 %  1 0 %  1 0 %  1 0 %  I 

Field 

0% 

0% 

0% 

0% 

5% 

NAF 

0% 

Field --------- 
0% 

0% 

0% 

0% 

5% 

NAF 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

NAF 

0% 

I PestlPCB I 0% I 0% 1 0% 1 0% I OOh I 0% I 0% 1 O0Io 1 

0% 

0% 

0% 

0% 

0% 

3% 

NAF 

0% 

Lab 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

2% 

8% 

NAF 

0% 

0% 

0% 

0% 

0% 

0% 

40% 

NAF 

0% 

Herb 
Metals 

Metals (F) 

Misc. 

Field 

0% 

0% 

0% 

0% 

< 1 O/O 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

4% 

4% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

SWMU 10 

0% 

3% 

NAF 

10% 

Lab 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

Field 

0% 

0% 

0% 

0% 

3% 

3% 

0% 

0% 

0% 

0% 

0% 

1% 

1 O/O 

0% 

0% 

1% 

18% 

NAF 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

NAF 

0% 

0% 

0% 

NAF 

0% 

0% 

0% 

WAF 

0% 

0% 

0% 

N AF 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 



TABLE 3-3 

QUALIFICATION RATES FOR LABORATORY AND FIELD DUPLICATE PRECISION 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

NAF - Not analyzed for. 
Qualifications greater than 10 percent have been bolded for ease in location. 
VOC - Volatile organic compounds. 
SVOC - Semivolatile organic carbon. 
PCB - Polychlorinated biphenyls. 
Pest - Pesticices. 
Ex - Explosives. 
(F) - Filtered. 
Misc. - Miscellaneous. 



TABLE 3-4 

RATES OF QUALlFlCAlTON 
SURROGATE, MATRIX SPIKE, BLANK SPIKE, AND INTERNAL STANDARD RECOVERIES 

SWMUs 4,5,9, AND 10 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 3 

SWMU 4 

SurfaceISu bsurface Soil 

QC 
Measure 

Sediment 

Herb VOC 

Surrogate 

IS 

MS 

LCS 

Dioxin 

NAF 

NAF 

NAF 

NAF 

Surface Water 

SVOC 

1% 

1% 

1% 

0% 

Surrogate 

IS 

MS 

LCS 

Ground Water 

Exp PCB 

0% 

2% 

1% 

0% 

1 O/O 

0% 

2% 

0% 

SWMU 5 
Surface/Subsurface Soil 

NA 

NA 

0% 

0% 

0% 

3% 

4 %  

0% 

NAF 

NAF 

NAF 

NAF 

Surrogate 

IS 

MS 

LCS 

Metals 

0% 

N A 

<I% 

0% 

0% 

NA 

0% 

0% 

0% 

N A 

4 %  

0% 

NA 

NA 

19% 

3% 

NA 

NA 

29% 

0% 

0% 

WA 

1 O h  

0% 

0% 

0% 

1% 

0% 

Surrogate 

IS 

MS 

LCS 

0% 

0% 

0% 

0% 

Surrogate 

IS 

MS 

LCS 

Metals 
(F) 

0% 

N A 

1% 

0% 

NAF 

NAF 

NAF 

NAF 

N AF 

N AF 

NAF 

NAF 

0% 

0% 

0% 

0% 

Mist. 

0% 

N A 

0% 

0% 

0% 

0% 

1% 

0% 

Sediment 

2% 

1% 

1% 

0% 

Surrogate 

IS 

MS 

LCS 

NAF 

NAF 

NAF 

NAF 

8% 

N A 

14% 

0% 

N AF 

NAF 

NAF 

NAF 

0% 

NA 

0% 

0% 

1 O h  

3% 

<1% 

0% 

0% 

18% 

5% 

0% 

NA 

NA 

1 O h  

0% 

23% 

7% 

5% 

4% 

NAF 

NAF 

NAF 

NAF 

0% 

N A 

0% 

0% 

0% 

N A 
<1% 

0% 

2% 

0% 

1 O/o 

0% 

0% 

0% 

0% 

0% 

0% 

NA 

1% 

0% 

NAF 

NAF 

NAF 

NAF 

NA 

IVA 

17% 

2% 

N A 

N A 

0% 

0% 

1 O h  

N A 

1% 

0% 

NAF 

IVAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

0% 

3% 

3% 

4% 

18% 

<1% 

<I% 

NA 

NA 

50% 

0% 

NA 

NA 

19% 

0% 

N A 

N A 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NA 

NA 

3% 

3% 

NAF 

NAF 

NAF 

NAF 

IVA 

NA 

13% 

1% 

NAF 

NAF 

NAF 

NAF 

NA 

NA 

0% 

0% 
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QC 
Measure 

Ground Water 

SWMU 9 

Surface/Subsurface Soil 

VOC 

Surrogate 

IS 

MS 

LCS 

Surrogate 

IS 

MS 

LCS 

Sediment 

svoc 

Surface Water 

/ Surrogate I 1% I 0% I 0% ( 0% I NAF I IVAF I NA I NAF 

0% 

0% 

0% 

0% 

0% 

NA 

0% 

0% 

0% 

0% 

1% 

0% 

Surrogate 

IS 

MS 

LCS 

PCB 

1% 

0% 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

0% 

NA 

0% 

0% 

I Surrogate I 0% 1 1 %  1 0% 1 7% I NAF I NAF I NA I IVAF 

0% 

NA 

0% 

0% 

0% 

0% 

~ 1 %  

0% 

8% 

NA 

~ 1 %  

0% 

0% 

0% 

<I% 

0% 

IS 

MS 

LCS 

IS 1 0010 14% ( N A  I NA I NAF I NAF I NA I NAF 

Herb 

0% 

<I% 
0% 

0% 

0% 

NA 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

1 MS I <I% 1 1 %  1 0% 1 0% I NAF I NAF 14% I NAF 

N A 

NA 

0% 

0% 

NA 

N A 

2% 

0% 

0% 

0% 

0% 

0% 

NA 

NA 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

<I% 
<I% 
~ 1 %  

0% 

Ground Water 

7% 

2% 

0% 

1 LCS 1 0 %  1 0 %  INAF INAF l < i %  INAF 

Dioxin 

0% 

0% 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

NA 

N A 

0% 

0% 

24% 

NA 

~ 1 %  

0% 

Surface Water 

N A 

N A 

39% 

0% 

14% 

0% 

0% 

Exp 

0% 

0% 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

NA 

IV A 

0% 

0% 

NA 

1% 

0% 

Surrogate 

IS 

MS 

LCS 

Metals Metals 
(F) 

N A 

3% 
0% 

0% 

0% 

1% 

0% 

NAF 

N AF 

NAF 

0% 

0% 

1% 

0% 

NAF 

N AF 

NAF 

0% 

NA 

0% 

0% 

NA 

17O/o 

5% 

0% 

N A 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

WAF 

NAF 

NAF 

NAF 

N A 

NA 

0% 

0% 

NA 

N A 

8% 

8% 

0% 

0% 

8% 

8% 
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SWMU 10 

Surface/Subsurface Soil 

Mist. 

I I I I I I I I I 

MS I NAF 14% I NAF 1 NAF I NAF I 0% 1 26% 1 NAF I 0% 

Metals 
(F) 

QC 
Measure 

Surrogate 

IS 

I I I I I I I I I 

LCS I NAF I 0% I IVAF I NAF I NAF 10% 1 4% I NAF I 0% 

Sediment 

VOC 

NAF 

NAF 

SVOC 

0% 

4% 

Surface Water 

Surrogate 

IS 

MS 

LCS 

Ground Water 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NA - Not applicable. 
NAF - Not analyzed for. 
IS - Internal standard. 
MS - Matrix spike. 
LCS - Laboratory control sample. 
(F) - Filtered. 
VOC - Volatile organic carbon. 
SVOC - Semivolatile organic carbon. 
Pest - Pesticide. 
PCB - Polychlorinated biphenyl. 
Exp - Explosives. 
Misc - Miscellaneous. 
QC - Quality control. 

PCB Dioxin Herb 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

Surrogate 

IS 

MS 

LCS 

Surrogate 

IS 

MS 

LCS 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

Exp 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

0% 

<1% 

0% 

NAF 

NAF 

NAF 

NAF 

Metals 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

0% 

N A 

N A 

41% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

0% 

4% 

0% 

N A 

N A 

NAF 

NAF 

NAF 

IVAF 

NA 

N A 

1 O h  

1% 

0% 

0% 

0% 

0% 

NA 

N A 

0% 

0% 

NA 

N A 

0% 

0% 

N A 

N A 

4% 

0% 

NAF 

NAF 

0% 

0% 

0% 

0% 

NA 

NA 

NA 

N A 

0% 

0% 



TABLE 3-5 

NUMBER OF SAMPLES COLLECTED VERSUS SAMPLES IN WORK PLAN 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

1 SIM analysis was not performed on six soil samples due to the presence of creosote. PAHs for these samples were reported from the 8270C 
analysis. 

2 One ground water sample exceeded 10 NTUs and was analyzed for dissolved metals. 
3 One surface water location was not sampled due to lack of water at the location. 
4 Two ground water samples exceeded 10 NTUs and were analyzed for dissolved metals. 
5 Semivolatile samples were collected at one location only (0 to 2 and 8 to 10 feet ) as per the work plan. 
6 Volatile samples collected at ten locations only as per the work plan. 
7 One groundwater sample exceeded 10 NTUs and was analyzed for dissolved metals. 

CEC 

PH 
TOC 

TSS 

Hardness 

Dioxin 

EXP 
N02lN03 

616 

616 

616 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

616 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

516 (3) 

516 (3' 

NAF 

NAF 

NAF 

414 

414 

414 

NAF 

NAF 

15/15 

NAF 

NAF 

NAF 

NAF 

515 

NAF 

NAF 

515 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

15/15 

NAF 

NAF 

NAF 

NAF 

NAF 

515 , 

515 

515 

NAF 

NAF 

818 

818 

818 

NAF 

NAF 

NAF 

NAF 

NAF 

N A F  

NAF 

515 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

515 

515 

NAF 

NAF 

NAF 

7/7 

717 

7/7 

NAF 

NAF 

NAF 

20120 

20120 

NAF 

NAF 

12/12 

NAF 

NAF 

NAF 

12/12 

12/12 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

18/18 

18/18 

NAF 

NAF 

NAF 

12/12 

12112- 

NAF 

12/12 

12/12 



TABLE 3-6 

PERCENT COMPLETENESS OF ANALTYICAL DATA 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

Total SWMU 5 1 1,767 266 97.7% 

SWMU 9 

Ground Water 

Surface Water 

Sediment 
SurfaceISu bsurface 

Total SWMU 9 

3,390 

1,512 

1,362 

5,674 

11,938 

SWMU 10 

139 

61 

23 

145 

368 

Ground Water 

Surface Water 

1 Sediment 

Surface/Subsurface 

Total SWMU 10 

Project Totals 

95.9% 

96.0% 

98.3% 

97.4% 

96.9% 

1,469 

950 

585 

1,262 

4,269 

39,930 

11 

0 

0 

9 

30 

1,038 

99.3% 

1 00% 

1 00% 

99.3% 

99.3 

97.4% 



TABLE 3-7 

SWMU 4 REJECTED DATA POINTS 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 11 

Sample 

04GW0101 

04GW0101 

04GW0101 

04GW0101 

04GW0201 

04GW0201 

04GW0201 

04GW0201 

04GW0301 

04GW0301 

04GW0301 

Fraction 

0s 
0s 
0s 
OV 

0s 
0s 
0s 
OV 

0s 
0s 
0s 

04GW0601 

04GWT0101 

04GWT0101 

04GWT0101 

04GWT0101 

04GWT0201 

04GWT0201 

04GWT0201 

Parameter 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROQUIN0LINE;l -OXIDE 

FAMPHUR 

KEPONE 

Basis 

Calibration 

Calibration 

Calibration 

Calibration 

' Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

OV 

0s 
0s 
0s 
OV 

0s 
0s 
0s 

04GWT0201 OV 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROOUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

04GWT0301 

04GWT0301 

04GWT0301 

04GWT0301 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

0s 
0s 
0s 
0s 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

HEXACHLOROCYCLOPENTADIENE 

KEPONE 

Calibration 

Calibration 

Matrix Spike 

Calibration 



TABLE 3-7 

SWMU 4 REJECTED DATA POINTS 
NSWC CRANE, CRANE, INDIANA 
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04SD030006-D 

04SD030006-D 

04SD030006-D 

04SD030006-D 

04SD040006 

04SD040006 

04SD040006 

04SD050006 

04SD050006 

04SD050006 

04SD060006 

0s 
0s 
OV 

OV 

0s 
0s 
0s 
0s 
0s 
0s 
0s 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

4-NITROQUINOLINE-1-OXIDE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 



TABLE 3-7 

SWMU 4 REJECTED DATA POINTS 
NSWC CRANE, CRANE, INDIANA 
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04SW0101 PESTIPCB DIELDRIN Holding Time 

04SW0101 PESTIPCB ENDOSULFAN l Holding Time 

04SWO101 PESTIPCB ENDOSULFAN ll Holding Time 

04SWO101 PESTIPCB ENDOSULFAN SULFATE Holding Time 

04SW0101 PESTIPCB ENDRIN Holding Time 

04SWO101 PESTIPCB ENDRIN ALDEHYDE Holding Time 

04SW0101 PESTIPCB GAMMA-BHC (LINDANE) Holding Time 

04SW0101 PESTIPCB GAMMA-CHLORDANE Holding Time 

04SW0101 PESTIPCB HEPTACHLOR Holding Time 

04SW0101 PESTIPCB HEPTACHLOR EPOXIDE Holding Time 

04SW0101 PESTIPCB METHOXYCHLOR Holding Time 
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04SWO201 

04SW0201 

04SW0201 

04SW0201 

04SW0201 

04SW0201 

04SW0201 

04SWO201 

04SW0201 

04SWO201 

04SW0201 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

DELTA-BHC 

DIELDRIN 

ENDOSULFAN I 

ENDOSULFAN II 

ENDOSULFAN SULFATE 

ENDRIN 

ENDRIN ALDEHYDE 

GAMMA-BHC (LINDANE) 

GAMMA-CHLORDANE 

HEPTACHLOR 

HEPTACHLOR EPOXIDE 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 
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04SW0301 -D 

04SW0301 -D 

04SW0301 -D 

04SW0301 -D 

04SW0301 -D 

04SW0301 -D 

04SW0301 -D 

04SW0301-D 

04SW0301 -D 

04SW0301 -D 

ENDOSULFAN II 

ENDOSULFAN SULFATE 

ENDRIN 

ENDRIN ALDEHYDE 

GAMMA-BHC (LINDANE) 

GAMMA-CHLORDANE 

HEPTACHLOR 

HEPTACHLOR EPOXIDE 

METHOXYCHLOR 

TOXAPHENE 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

PESTIPCB 

Holding Time , 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 

Holding Time 
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4-NITROQUINOLINE-1-OXIDE 

04SBO10204 

04SBO10204 

04SBO10204 

04SBO10204 

04SBO10204 

04SBO20002 

04SB020002 

04SB020002 

04SB0201 02 

04SB020102 

04SB020608 

0s 
0s 
0s 
OV 

OV 

0s 
0s 
0s 
OV 

OV 

0s 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOI-INE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1 -OXIDE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

04SB040608 

04SB040608 

04SB050002 

04SB050002 

04SB050002 

04SB0501 02 

04SB0501 02 

04SB050204 

04SB050204 

04SB050204 

04SB050204 

OV 

OV 

0s 
0s 
0s 
OV 

OV 

0s 
0s 
0s 
OV 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1 -OX1 DE 

FAMPHUR 

KEPONE 

ACROLEIN 
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04SB070507 

04SB070507 

04SB070507 

04SB070507 

04SB070507 

04SB080002 

04SB080002 

04SB080002 

04SBO80102 

04SB080102 

04SB080810 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

0s 
0s 
0s 
OV 

OV 

0s 
0s 
0s 
OV 

OV 

0s 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONlTRlLE 

4-NITROQUINOLINE-1 -OXIDE 
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04SB110810 

04881 10810 

04581 10810 

04581 1081 0 

04581 20002 

04581 20002 

04SB120002 

04881 20002 

WSB120002-D 

WSB120002-D 

04SB120002-D 

0s 
0s 
OV 

OV 

HERB 

0s 
0s 
0s 
0s 
0s 

PESTIPCB 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

ACROLEIN 

ACRYLONITRILE 
pppp 

HEXACHLOROPHENE 

3,s-DICHLOROBENZIDINE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

4,4'-DDE 

Calibration 

Calibration 

Calibration 

Calibration 

Matrix Spike 

Matrix Spike 

Calibration 

Cali bration 

Calibration 

Calibration 

%D Between Columns 
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OS - Organic semivolatiles. 
OV - Organic volatiles. 
M - Metals 
MF - Metals filtered. 
Herb - Herbicide. 
Pest - Pesticide 
PCB - Polychlorinated biphenyls. 

04SS020002 

04SSO20002 

04SSO20002 

04SS020002-D 

04SS020002-D 

04SS020002-D 

04SS020002-D 

04SS020102 

04SS020102 

04SS020102-D 

04SS020102-D 

0s 
0s 
0s 

HERB 

0s 
0s 
0s 
OV 

OV 

OV 

OV 

ACRYLONITRILE 

4-NITROOUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

PENTACHLOROPHENOL 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

ACROLEIN 

ACRYLONITRILE 

Calibration 

Calibration 

Calibration 

Calibration 

Ol0D Between Columns 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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Surrogate Recovery 

05GW0301 

05GW0401 

05GW0401 

05GW0401 

05GW0601 

05GW0601 

05GW0601 

05GW0601 

05GW0701 

05GW0701 

OV 

OS 

0s 
0s 
OS 

0s 
0s 
OV 

0s 
0s 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

4-NITROQLIINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROQLIINOILINE-1 -OXIDE 

FAMPHUR 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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05GWT0101 0s 4-NITROQUINOLINE-1 -OXIDE Calibration 

05GWT0101 0s FAMPHUR Calibration 

05GWT0101 0s KEPONE Calibration 

05GWT0201 

05GWT0201 

05GWT0201 

05GWT0201 

05GWT0201 -D 

05GWT0201 -D 

05GWT0201 -D 

OS 

0s 
0s 
OV 

0s 
0s 
0s 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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05SBO20406 

05SBO20406 

05SB030002 

05SB030002 

05SB030002 

05SB030002 

05SB030002 

05SB030002-D 

05SB030002-D 

05SB030002-D 

OV 

OV 

OS 

OS 

0s 
0s 
0s 
OS 

0s 
0s 

ISOBUTANOL 

PROPIONITRILE 

3,3'-DICHLOROBENZIDINE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

HEXACHLOROCYCLOPENTADIENE 

KEPONE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

Calibration 

Calibration 

Matrix Spike Recovery 

Calibration 

Calibration 

Matrix Spike Recovery 

Calibration 

Calibration 

Calibration 

Calibration 
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05SB050608 

05SB050608 

05SB050608 

05SB060002 

05SB060002 

05SB060002 

05SB060102 

05SB060102 

05SB060608 

05SB060608 

05SB060608 

OV 

OV 

PESTIPCB 

0s 
0s 

PESTIPCB 

OV 

OV 

0s 
OS 

0s 

ACROLEIN 

ACRYLONITRILE 

ENDRIN 

FAMPHUR 

KEPONE 

4,4'-DDE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

Calibration 

Calibration 

%D Between Columns 

Calibration 

Calibration 

Other 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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ACRYLONITRILE Calibration 

05SW0401 

05SW0401 

05SW0401 

05SW 0401 

05SW0501 

05SWO501 

05SWO501 

05SWO501 

05SWO501 

05SWO501 

05SWO501 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

OV 

OV 

OV 

OV 

OS 

0s 
0s 
OV 

OV 

OV 

OV 

ACETONE 

ACROLEIN 

ACRYLONITRILE 

METHACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

2-BUTANONE 

ACETONE 

ACROLEIN 

ACRYLONITRILE 
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OS - Organic semivolatile. 
OV - Organic volatile. 
Pest -Pesticide. 
PCB - Polychlorinated biphenyls. 
Herb - Herbicides. 

Calibration 

05SD050006 

05SD050006 

OV 

OV 

ACROLEIN 

ACRYLONITRILE 

Calibration 

Calibration 
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2 4-DICHLOROPHENOL 

09GW0301 

09GW0301 

09GW0301 

09GW0301 

09GW0301 

09GW0301 

09GW0301 

09GW0301 

09GW0401 

09GW0401 

09GW0401 

0s 
OV 

OV 

OV 

OV 

OV 

OV 

OV 

0s 
0s 
OV 

PHENOL 

2-BUTANONE 

2-HEXANONE 

ACETONE 

ACROLEIN 

ACRYLONITRILE 

METHACRYLONITRILE 

VINYL ACETATE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

2-BUTANONE 

Surrogate 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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Calibration 

09GW 1001 -D 

09GW1001-D 

09GW1001 -D 

09GW1001-D 

09GW1001-D 

09GW1001-D 

09GW 1201 

09GW1201 

09GW1201 

09GW 1201 

09GW1201 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

OV 

OV 

OV 

OV 

OV 

OV 

0s 
0s 
OV 

OV 

OV 

2-BUTANONE 

2-HEXANONE 

ACETONE 

ACROLEIN 

ACRYLONITRILE 

METHACRYLONITRILE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

2-BUTANONE 

2-HEXANONE 

ACETONE 
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ETHACRYLONITRILE Calibration 
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Calibration 

09GWTP0501 

09GWTP0501 

09GWTP0601 

09GWTP0601 

09GWTP0601 

09GWTP0601 

09SB010002 

09SB010002 

09SB010002 

09SB010102 

09SB010102 

0s 
OV 

0s 
0s 
0s 
OV 

0s 
0s 
0s 
OV 

OV 

KEPONE 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

4-NITROQUINOLINE-1-OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 
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09SB030002-D 

09SB030102 

09SB030102 

09SB030102-D 

09SB030102-D 

09SB030406 

09SBO30406 

09SB030406 

09SB030406 

09SB030406 

0s 
OV 

OV 

OV 

OV 

0s 
0s 
0s 
OV 

OV 

KEPONE 

ACROLEIN 

ACRYLONlTRlLE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

FAMPHLIR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Cali bration 
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09SB050406 

09SBO50406 

09SBO50406 

09SBO50406 

09SB060002 

09SB060002 

09SB060002 

09SB060102 

09SB0601 02 

09SB06081 0 

0s 
0s 
OV 

OV 

0s 
0s 
0s 
OV 

OV 

0s 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1-OXIDE 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 



TABLE 3-9 

SWMU 9 REJECTED DATA POINTS 
NSWC CRANE, CRANE, INDIANA 

PAGE 7 OF 11 

-NITROQUINOLINE-1 -OXIDE 

09SB080102 

09SB0801 02 

09SB080406 

09SBO80406 

09SB089406 

09SB080406 

09SB080406 

09SB090002 

09SB090002 

09SB090002 

09SB090002 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

%D Between Columns 

%D Between Columns 

%D Between Columns 

%D Between Columns 

OV 

OV 

0s 
0s 
0s 
OV 

OV 

HERB 

HERB 

HERB 

HERB 

ACROLEIN 

ACRYLONITRILE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

ACROLEIN 

ACRYLONITRILE 

2,4,5-T 

2,4-D 

HEXACHLOROPHENE 

PENTACHLOROPHENOL 
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09SW0301 -F 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 

09SW0401 -D 

M F 

M 

0s 

0s 
0s 
OV 

OV 

OV 

OV 

OV 

M 

TIN 

TIN 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 
pppp 

KEPONE 

2-BUTANONE 

ACETONE 

ACROLEIN 

ACRYLONITRILE 

METHACRYLONITRILE 

TIN 

Blank Spike Recovery 

Blank Spike Recovery 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Blank Spike Recovery 
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09SD010006 

09SD020006 

09SD020006 

09SD020006 

09SD030006 

09SD030006 

09SD030006 

09SD030006 

09SD040006 

09SD040006 

09SD040006 

0s 
0s 
0s 
0s 
0s 
0s 
0s 

PESTIPCB 

HERB 

0s 
0s 

KEPONE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

GAMMA-CHLORDANE 

PENTACHLOROPHENOL 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

Calibration 

Cali bration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

O/OD Between Columns 

%D Between Columns 

Calibration and Holding Time 

Calibration and Holding Time 
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OS - Organics semivolatile. 
OV - Organics volatile. 
Herb- Herbicides. 
Pest - Pesticides. 
PCB - Polychlorinated biphenyls. 
M - Metals. 
MF - Metals filtered. 

Basis 

Calibration 

%D Between Columns 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Calibration 

Parameter 

KEPONE 

2,4,5-T 

4-NITROQUINOLINE-1 -OXIDE 

FAMPHUR 

KEPONE 

4-NITROQUINOI-INE-1-OXIDE 

FAMPHUR 

KEPONE 

Samples 

09SD040006 

09SD040006-D 

09SD040006-D 

09SD040006-D 

09SD040006-D 

09SD050006 

09SD050006 

09SD050006 

Fraction 

0s 
HERB 

0s 
0s 
0s 
0s 
0s 
0s 
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OS - Organic sernivolatiles. 
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SWMU 4 

SurfacelSu bsurface Soil 

Sediment 

QC Measure 

I Lab Blank I 1% I 0% ( 0 %  I 0% I NAF I NAF 1 5% 1 NAF I 0% I 

SVOC VOC 

1 Calibration 16% 18% 13% 12% 1 NAF I NAF ( 0 %  I NAF 10% I 
I I I I I I I 

1 Hold Time I 0% / 0% 1 0% 1 OOh I NAF I NAF 1 2% I NAF 1 50% 

PCB 

Ground Water 

Dioxin Herb 

O/OD Col. 

ICP Serial Dil 

ICP Intf. 

Surface Water 

Exp 

NA 

NA 

NA 

1 Lab Blank 10% ' ( 0% I 0% 1 3% 1 NAF I NAF I 0% I 0% I 0% I 

Calibration 

ICP Serial Dil 

ICP Intf. 

1 Calibration 1 17% I 81% I 0% 1 4% 1 NAF 1 NAF I 0% I 0% I OoA I 

Metals 

NA 

NA 

NA 

1% 

NA 

N A 

8% 

NA 

IVA 

SWMU 5 

Metals 
(F) 

0% 

NA 

NA 

NAF 

NAF 

NAF 

0% 

NA 

N A 

4% 

NA 

NA 

Hold Time 

ICP Serial Dil 

ICP Intf. 

SurfacelSubsurface Soil 

Mist. 

7% 

N A 

IV A 

NAF 

NAF 

NAF 

0% 

NA 

NA 

NAF 

NAF 

NAF 

0% 

5% 

< I% 

55% 

NA 

NA 

NAF 

NAF 

NAF 

0% 

4% 

0%- 

67% 

NA 

N A 

0% 

N A 

N A 

NA 

9% 

7% 

0% 

NA 

NA 

NAF 

IVAF 

WAF 

NAF 

NAF 

NAF 

N A 

NA 

NA 

NAF 

NAF 

NAF 

0% 

3% 

6% 

0% 

3% 

4% 

35% 

NA 

N A 



TABLE 3-1 1 

RATES OF QUALIFICATION 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 4 

QC Measure 

ICP Serial Dil 

ICP Intf. 

Surface Water 

Sediment 

PCB 

NA 

NA 

ICP Serial Dil 

ICP Intf. 

Ground Water 

SWMU 9 
Surface/Subsurface Soil 

VOC 

NA 

NA 

N A 

N A 

Sediment 

Herb 

N A 

NA 

SVOC 

NA 

NA 

NA 

NA 

Lab Blank 

Calibration 

ICP Serial Dil 

ICP Intf. 

N A 

NA 

NA 

NA 

0% 

4% 

NA 

NA 

Dioxin 

N A 

NA 

0% 

9% 

NA 

NA 

Lab Blank 

Calibration 

Hold Time 

NA . 
NA 

0% 

0% 

NA 

NA 

<1% 

7% 

NA 

NA 

Exp 

NAF 

NAF 

NAF 

NAF 

0% 

4% 

N A 

N A 

2% 

2% 

0% 

0% 

10% 

0% 

0% 

6% 

3% 

Mist. 

NA 

NA 

Metals 

8% 

14% 

13% 

7% 

NAF 

NAF 

NAF 

NAF 

Metals 
(F) 

NAF 

NAF 

0% 

0% 

0% 

NAF 

NAF 

0% 

0% 

<1% 

3% 

NA 

NA 

0% 

0% 

0% 

4% 

NAF 

NAF 

NAF 

0% 

0% 

N A 

N A 

5% 

0% 

0% 

NAF 

NAF 

NAF 

NAF 

IVAF 

NAF 

0% 

0% 

50% 
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QC Measure 

Ground Water 

%D Col. 

ICP Serial Dil 

ICP Intf. 

Surface Water 

Mist. VOC 

NA 

NA 

NA 

I 1 Herb I Dioxin / Exp I Metals I 
SVOC PCB 

Metals 
(Fl 

SWMU 10 

Surface/Subsurface Soil 

NA 

NA 

NA 

NAF 

NAF 

NAF 

N AF 

Lab Blank 

Calibration 

%D Col. 

ICP Intf. 

Sediment 

0% 

9% 

NA 

NA 

el% 

18% 

NA 

NA 

1 O/O 

N A 

NA 

NAF 

NAF 

NAF 

NAF 

0% 

0% 

N A 

9% 

0% 

N A 

0% 

6% 

0% 

NA 

5% 

0% 

NA 

Calibration 

Hold Time 

ICP Int. 

Surface Water 

17% 

N A 

N A 

0% 

0% 

1% 

N A 

0% 

0% 

NA 

9% 

NAF 

NAF 

NAF 

15% 

0% 

NA 

Hold Time 

ICP Int. 

Lab Blank 

Calibration 

%D Col. 

ICP Intf. 

Ground Water 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

IVAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

9% 

NA 

NA 

0% 

0% 

NA 

NA 

NAF 

NAF 

NAF 

NAF 

Hold Time - 
%D Col. 

ICP Intf. 

N AF 

NAF 

NAF 

0% 

0% 

8% 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

N AF 

NA 

4% 

5% 

0% 

0% 

5% 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

2% 

NAF 

NAF 

NAF 

NAF 

0% 

17% 

N A 

NAF 

N AF 

. , 
NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

NAF 

0% 

N A 

4% 

NAF 

NAF 

NAF 

NA 

NA 

NA 

NAF 

NAF 

NAF 

50% 

NA 

4% 

4% 

NAF 

NAF 

NAF 

NAF 

0% 

NA 

<I% 

NAF 

NAF 

48% 

WA 

NA 

15% 

0% 

NA 

N A 

0% 

0% 

3% 

0% 

0% 

0% 

N A 

7% 

0% 

0% 

N A 

8% 
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Misc - Miscellaneous. 
ICP Serial Dil - Inductively Coupled Plasma Serial Dilution 
ICP - Inductively Coupled Plasma 
(F) - Filtered. 
Herb - Herbicides. 
NA - Not applicable. 
NAF - Not analyzed for. 
Pest - Pesticides. 
PCB - Polychlorinated biphenyls. 
VOC - Volatile organic carbon. 
SVOC - Semivolatile organic carbon. 
Exp - Explosive. 
%D Col. - Percent difference between columns. 
%D btw Col. - Percent difference between columns. 
QC - Quality control. 
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ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
SWMUS 4,S.g. AND 10 

NSWC CRANE. CRANE, INDIANA 
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ganic Carbon 
ion ~oetficient'" 

Henry's Law Constant 
(atrn-rn~rnole)'~' (rng/~rng/kg)'" log((solubility'VPYL) 

KETONES 
Acetone 0.7899 1 2.66E+2 (25°C) Miscible 5.75E-01 7.08E+03 (10) 1 4.276E-5 (25°C) 1 3.81E-l(6) N A 
2-Butanone 6.79E+00 
4-Methyl-2-pentanone 4.56E+00 
MONOCYCLIC AROMATICS 
2.6-Dinilrotoluene 
Ethylbenzene 
Benzene 
Toluene 
Xyienes (Total) 

2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 
Acenaphthene 
Acenaphthylene 
Fluorene 

HALOGENATED ALlPHATlCS 

1,1.2,2-Tetrachloroethane 1 1.60 (1514°C) 1 6.50E+01 1 2.77E+02 1 2.45E+02 I 9.33E+01 I 3.45E-04 I 3.90E+01 I 2.29E+00 
1.2-Dichloroethane 1 1.2351 1 7.90E+01 1 8.52E+02 1 2.95E+01 1.74E+01 9.79E-04 8.10E+00 3.59E+00 
Trichloroelhene 1 1.4624 1 7.10E+01 I l.lOE+03 I 5.13E+02 I 1.66E+02 1 1.03E-02 1 9.70E+01 I 2.67E+00 

1.0058 
1.162 

0.980 (4°C) 
1.271 (2314°C) 

PHTHALATEESTERS 

1.2833 (1 1 1 "C) 
0.867 

0.8765 
0.8669 . 

0.86104-0.8801 

1.82E+02 
1.52E+02 
1.75E+03 
5.15E+02 

1.6E+2-1.75E+2(5) 

5.67E-04 
1 E+l (25.9"C) 

9.50E+01 
2.8E+1 (25°C) 

1 E+l (27.3-32.1 "C) 

1E+1 (105°C) 
8.2E-2 (25°C) 

1 E+O (1 18.2"C) 
2.5E+O (200°C) 

1.07 
1.02 
1.202 

4.24E+02 1 8.32E+03 I 7.08E+03 
1.61E+01 I 1.17E+04 2.00E+03 
1.98E+00 I 1.62E+04 ]-8~+04 

5.00E-03 
2.30E-02 
1.00E+01 

2.00E+05 
6.92E+04 
9.12E+02 
3.98E+01 
1.58E+05 
1.15E+08 

4E-1 (25°C) 
7.10E-01 

1.08E+3 (25°C) 
5.00E+03 

4E+2 (25°C) 
2.00E-02 

1.12E+02 
1.41 E+03 
1.35E+02 
4.90E+02 

5.89E+2-1.58E+3 

2.6E+1 (25°C) 
3E+1 (25°C) 

8.16E-1 (21°C) 
1.6E-1 (26°C) 

1.2E+O (2WC) 
8.60E-06 

5E-2 (70°C) 
1.00E-02 

1E-1 (1 15°C) 
2.50E-06 

Bls(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Diethylphthalate 
Dimethylphthalate 
Di-n-butylphthalate 
Di-n-octylphthalate 

1.55E-04 I l.lOE+03 I -3.52E+00 

0.99 (20120°C) 
1.113 
1.1175 

1.19 (25125°C) 
1.047 (20120°C) 

0.978 

7.24E+03 
2.34E+03 
2.88E+04 
1.51 E+05 

1.14E-04 

1.51 E+07 (10) 
5.75E+04 

2.88E+02 (10) 
8.OE+01-3.6E+02 

3.39E+04 (10) 
8.32E+07 

-3.30E+00 
6.22E-01 
3.45E+00 
1.90E+00 

6.44E-01-6.33E-01 

3.80E+02 -3.73E+00 

2.30E+08 
7.72Ec02 
1.07E+02 

4.7E+00-5.7E+01 
4.70E+04 

2.6E+03 - 9.3E+03 

3.00E-07 
1.26E-06 
8.46E-07 
2.00E-07 

2.8E-7 (25°C) 
6.68E-05 

1.20E+01 
4.70E+02 
3.70E+01 
1.48E+02 

7.5E+1- 1.59E+2(6) 

2.04E+02 
3.63E+02(10) 

5.89E+01 
1.82E+02 (1 0) 

3.63E+02-4.07E+02(10) 

7.27E+2 (9) 
2.00E+03 (10) 

1.40E+04 
1.05E+05 (10) 

6.36E-05 I 3.80E+03 I -2.84E+W 

-7.50E+00 
-9.97E+00 
-7.27E-01 

- 2.04E-01 to -8.57E-01 
-2.93E+00 
-1.52E+01 

9.26E-08 
8.043E-3 (25°C) 

5.55E-03 
5.92E-3 (25°C) 

.184E-3-6.662E-3 (25°C 

4.99E-4 (25%) 
4.83E-4 (25°C) 
3.93E-5 (25°C) 
5.1 E-6 (25°C) 

5.1 E+2 (6) 
4.20E+02 
4.70E+03 
1.20E+04 

-4.47E-01 
-2.91 E+OO 
-4.23E+00 
-5.42E+00 
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Speciflc Gravity Vapor Pressure Solubility OctanoWater Organlc Carbon Henry's Law Constant Bioconcentration Factor Mobility Index 
( 8  2W4"C)'" (mm Hg 8 20"~)'" (mglL 8 20"~)"' Partition ~oefficient") Partitlon coefficient'" (atm-m~mole)'~' (mgl~mglkg)"' log((solublllty*VP)IK,) 

PESTICIDES 

PCRc 

1 NA - Not available. 
2 U.S. EPA, September 1992. Handbook of RCRA Groundwater Mon~toring Conslituents: Chemical and Physical Properties. 
3 Lyman el at.. 1990. Equation 5-3. Handbook of Chemical Property Estimation Methods. 
4 U.S. EPA. December 1982. Aquatic Fate Process Data lor Organic Priority Pollutants. 
5 ATSDR, October 1989. Toxicity Profile for Xylenes. 
6 Lyman el al., 1990. Eq. 5-2 
7 Verschueren. 1983. Handbook of Environmental Data of Organic Chemicals. 
8 Howard, 1989. Handbook of Environmental Fate and Exposure Data for Organic Chemicals. Volume 1. 
9 Lyman et al.. 1990. Equation 4-5 
10 EPA, July 1996. Soil Screening Gu~dance. 
11 Chlordane data used. 
12 Endosulfan I1 data used. 

. --- 
Aroclor- 1248 
Aroclor-1254 
Aroclor-1 260 
FYPl OSlVFS 

6.31 E+05 
1.1 E+6(4) 
1.4E+7(4) 

1.405 
1.50 (25"C)(4) 
1.58 (25"C)(4) 

1.84E-04 
7.71 E-5(4) 
4.05E-5(4) 

-1.07E+01 
-1.13E+01 
-1.38E+01 

5.03E+05 
5.30E+05 
6.70E+06 

5.40E-02 
3.1 E-2(4) 
2.7E-3(4) 

4.40E-04 
2.6E-3(4) 
7.4E-l(4) 

1.50Et04 
1.30E+05 
1.30E+06 



TABLE 3-1 3 

RELATIVE MOBILI'TIES OF INORGANICS AS A FUNCTION OF 
ENVIRONMENTAL CONDITIONS (Eh,pH) 

SWMUS 4,5,9, AND 10 
NSWC CRANE, CRANE, INDIANA 

Notes: 
AS = Arsenic 
Ag = Silver 
Ba = Barium 
Be = Beryllium 
Cd = Cadmium 
Cr = Chromium 
cu = 'Copper 

Relative Mobility 

Very High 

High 

Medium 

Low 

Very Low 

Fe = Iron 
Hg = Mercury 
Ni = Nickel 
Pb = Lead 
Se = Selenium 
Zn = Zinc 
Eh = Standard Redox Potential 

Source: Swartzbaugh, et al. Remediating Sites Contaminated with Heavy Metals. 
Hazardous Materials Control, NovemberIDecember 1992. 

Environmental Conditions 

Oxidizing 

Se, Zn 

Cu, Ni, Hg, Ag, 
As, Cd 

Pb, Ba, Se 

Fe, Cr 

Acidic 

Se, Zn, Cu, IVi, 
Hs& 

' 

As, Cd 

Pb, Ba, Be 

C r 

NeutralIAlkaline 

Se 

As, Cd 

Pb, Ba, Be 

Cr, Zn, Cu, Ni, 
Hg7 Ag 

Reducing 

Cr, Se, Zn, Cu, 
Ni, Hg, Pb, Ba, 

Be, Ag 
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95-50-1 
107-06-2 

78-87-5 
540-73-8 
528-29-0 

1,2-DICHLOROBENZENE 
1,2-DICHLOROETHANE 
1,2-DICHLOROETHENE (TOTAL) 
1,2-DICHLOROPROPANE 
1.2-DIMETHYLHYDRAZINE 
1.2-DINITROBENZENE 

370 
0.34 
42 

0.34 
0.01 2 

22 

595 
3.99 
118 
4.94 
--- 
--- 

17.2 
0.0238 

0.4 
0.0298 

--- 
--- 

2.96 
21.2 

0.78373 
32.7 

--- 
--- 

0.231 32 
0.0541 8 
0.20894 
0.35161 

--- 
--- 
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92-84-2 
62-38-4 
298-02-2 
732-1 1-6 
7803-51 -2 
7723-14-0 

PHENOTHIAZINE 
PHENYLMERCURIC ACETATE 
PHORATE 
PHOSMET 
PHOSPHINE 
PHOSPHORUS 

110 
4.4 
11 

1100 
16 
1.5 

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

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

--- 
--- 

0.000496 
--- 
--- 
--- 

--- 
--- 

0.000861 
--- 
--- 
--- 
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CAS - Chemical abstract services. 
PRG - Preliminary remediation goal. 
€PA - United States Environmental Protection Agency 
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- Freshwater - 
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CAS 
Number 
122-66-7 
106-88-7 
108-67-8 
99-35-4 
106-99-0 
541-73-1 

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pglL) 
--- 
--- 
--- 
--- 
--- 
87 

Parameters 
1,2-DIPHENYLHYDRAZINE 
1 ,QEPOXYBUTANE 
1,3,5-TRIMETHYLBENZENE 
1,3,5-TRINITROBENZENE 
1,3-BUTADIENE 
1,3-DICHLOROBENZENE 

USEPA 
MCL 
( pg/L) 

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

600 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 

(pg/L) 
--- 
--- 
--- 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

(pglL) 
0.084 
210 
12 

1100 
0.01 1 

17 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pglL) 

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

231 
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- Freshwater - 
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EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pg/L) 
--- 
--- 
--- 

0.0891 
--- 

CAS 
Number 
119-90-4 
119-93-7 
95-65-8 
56-49-5 
108-39-4 

Parameters 
3,s-DIMETHOXYBENZIDINE 
3,s-DIMETHYLBENZIDINE 
3,4-DIMETHYLPHENOL 
3-METHYLCHOLANTHRENE 
3-METHYLPHENOL 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
(vg/L) 

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

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

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

USEPA 
MCL 

( pglL) 
--- 
--- 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

(pg/L) 
4.8 

0.0073 
37 
--- 

1800 
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NSWC CRANE, CRANE, INDIANA 

PAGE 5 OF 19 

CAS 
Number 
75-05-8 
98-86-2 
50594-66-6 
107-02-8 
79-06-1 
79-10-7 

Parameters 
ACETONITRILE 
ACETOPHENONE 
ACIFLUORFEN 
ACROLEIN 
ACRYLAMIDE 
ACRYLIC ACID 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
(pg/L) 

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

USEPA 
MCL 

(pg/L) 
--- 
--- 
--- 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

( pg/L) 
71 

0.042 
0.61 
0.042 
0.01 5 
18000 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

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

€PA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pg/L) 
30000 
687.89 

--- 
0.205 

--- 
--- 
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CAS 
Number 
1 1097-69-1 
1 1096-82-5 
7440-38-2 
7784-42-1 
1332-21-4 
76578-1 4-8 

Parameters 
AROCLOR-1254 
AROCLOR-1260 
ARSENIC 
ARSINE 
ASBESTOS 
ASSURE 

7440-41 -7 

31 9-85-7 
141-66-2 
82657-04-3 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
(pg/L) 
0.01 4 
0.01 4 
190 
--- 
--- 
--- 

USEPA 
MCL 
( pg/L) 

0.5 
0.5 
50 
--- 
7 
--- 

BERYLLIUM 
BETA PARTICLE AND PHOTON ACTIVITY 
BETA-BHC 
BlDRlN 
BIPHENTHRIN (TALSTAR) 
BIS(2-CHLORO-1 -METHYLETHYL)ETHER 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pglL) 

0.5 
0.5 
50 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

( pg/L) 
0.034 
0.034 
0.045 

--- 
--- 

330 

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pg/L) 
0.00003 
0.00003 

53 
--- 
--- 
--- 

4 
4 
--- 
--- 
--- 
--- 

0.01 6 
--- 

0.037 
3.7 
550 
0.96 

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

4 

0.473 
--- 
--- 
--- 

7.6 
--- 

0.495 
--- 
--- 
20 
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NSWC CRANE, CRANE, INDIANA 

PAGE 7 OF 19 

5234-68-4 
75-87-6 
302-17-0 
133-90-4 
10599-90-3 
1 18-75-2 

CARBOXIN 
CHLORAL 
CHLORAL HYDRATE 
CHLORAMBEN 
CHLORAMINE 
CHLORANlL 

--- 
--- 
60 
--- 
4000 

--- 

3700 
73 
--- 
550 
--- 
0.17 

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

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

--- 
--- 
--- 
--- 
--- 
--- 
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CAS 
Number 
57-74-9 
16887-00-6 
90982-32-4 
7782-50-5 
10049-04-4 

Parameters 
CHLORDANE 
CHLORIDE 
CHLORIMURON-ETHYL 
CHLORINE 
CHLORINE DIOXIDE 
CHLORITE 

USEPA 
MCL 

(pgIL) 
2 

250000 
--- 

4000 
800 
1000 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
(pg/L) 
0.0043 

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

EPA Region 
9 PRG for 
Tap Water 

(P*) 
0.19 

--- 
730 
3700 

--- 
--- 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

2 
--- 
--- 
--- 
--- 
--- 

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (kg/L) 
0.00029 

--- 
--- 
--- 
--- 
--- 
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RISK-BASED COPC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - AQUEOUS MEDIA 
NSWC CRANE, CRANE, INDIANA 

PAGE 11 OF 19 

77182-82-2 

1071-83-6 

69806-40-2 
79277-27-3 

GLUFOSINATE-AMMONIUM 
GLYCIDALDEHYDE 
GLYPHOSATE 
GROSS ALPHA 
HALOXYFOP-METHYL 
HARMONY 

--- 
--- 
700 
15 
--- 
--- 

15 
15 
3700 

--- 
1.8 
470 

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

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

--- 
--- 
--- 
--- 
--- 
--- 
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RISK-BASED COPC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - AQUEOUS MEDIA 
NSWC CRANE, CRANE, INDIANA 
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- 

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pg/L) 
--- 
--- 
3.62 
--- 
--- 
--- 

CAS 
Number 
92-84-2 
62-38-4 
298-02-2 
732- 1 1-6 
7803-51 -2 

Parameters 
PHENOTHIAZINE 
PHENYLMERCURIC ACETATE 
PHORATE 
PHOSMET 
PHOSPHINE 
PHOSPHORUS 

USEPA 
MCL 

(pg/L) 
--- 
--- 
--- 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

( pgIL) 
73 
2.9 
7.3 
730 
1 1  
0.73 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
( pg/L) --- 

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

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

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



TABLE 3-15 

RISK-BASED COPC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - AQUEOUS MEDIA 
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- Freshwater - Management - Ecolog~cal Data 
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RISK-BASED COPC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - AQUEOUS MEDIA 
NSWC CRANE, CRANE, INDIANA 
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CAS 
Number 
22248-79-9 
78-00-2 

109-99-9 
479-45-8 
1314-32-5 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 

(pg/L) 
--- 
--- 
--- 
--- 
--- 
--- 

Parameters 
TETRACHLOROVINPHOS 
TETRAETHYL LEAD 
TETRAETHYLDITHIOPYROPHOSPHATE 
TETRAHYDROFURAN 
TETRYL 
THALLlC OXIDE 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

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

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pgIL) 
--- 
--- 

13.9 
--- 
--- 
--- 

USEPA 
MCL 

(pglL) 
--- 
--- 
--- 
--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

(pg/L) 
2.8 

0.0037 
18 

3100 
370 
2.6 
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RISK-BASED COPC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - AQUEOUS MEDIA 
NSWC CRANE, CRANE, INDIANA 

PAGE 19 OF 19 

CAS - Chemical abstract services. 
EPA and U.S. EPA - United States Environmental Protection Agency. 
MCL - Maximum contaminant level. 
PRG = Preliminary remediation goal. 

CAS 
Number 
50471 -44-8 
108-05-4 

75-01-4 
81 -81 -2 

7440-66-6 
557-21-1 
1314-84-7 
12122-67-7 

Water Quality Criteria 
- Freshwater - 

Chronic Effects 
(pg/L) 

--- 
--- 
--- 
--- 
--- 
--- 
100 
--- 
--- 
--- 

Parameters 
VlNCLOZOLlN 
VINYL ACETATE 
VINYL BROMIDE 
VINYL CHLORIDE 
WARFARIN 
XYLENES, TOTAL 
ZINC 
ZINC CYANIDE 
ZINC PHOSPHIDE 
ZlNEB 

Environmental 
Management - 

Groundwater Residential 
Use Residential (pg/L) 

--- 
1850 

--- 
2 
--- 

10000 
1 1000 

--- 
--- 
--- 

EPA Region 5 
Ecological Data 
Quality Level for 

Surface Water (pg/L) 
--- 

248.03 
--- 
9.2 
--- 
117 
58.9 
--- 
--- 
--- 

USEPA 
MCL 
( pg/L) 

--- 
--- 
--- 
2 
--- 

10000 
5000 

--- 
--- 
--- 

EPA Region 
9 PRG for 
Tap Water 

( pg/L) 
910 
410 
0. I 
0.02 
1 1  
1400 
11000 
1800 
1 1  
1800 



TABLE 3-16 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOlL GROUP 1 - LOESSIGLACIAL SURFACE SOlL 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed so11 r~sk-based target levels are boided. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TINUS. January 2001). This risked-based criterion was current 

as of the QAPP (TINUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one-half the detection limit. 

This value was used for statistical analysis when no detections were encountered. 



TABLE 3-17 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOlL GROUP 3 - ALLUVIAL, MISSISSIPPIAN, AND PENNSYLVANIAN SURFACE SOlL 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 

This value was used lor statistical analysis when no detections were encountered. 



TABLE 3-18 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOlL GROUP 2 - LOESSlGLAClAL SUBSURFACE SOlL 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 

This value was used for statistical analysis when no detections were encountered. 



TABLE 3-19 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOIL GROUP 4 -ALLUVIAL SUBSURFACE SILT AND SAND 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 

. 

3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 
This value was used for statistical analysis when no detections were encountered. 



TABLE 3-20 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOIL GROUP 5 - ALLUVIAL SUBSURFACE CLAY 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
I - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the deteclion limit. 

This value was used for statistical analysis when no detections were encountered. 



TABLE 3-21 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOIL GROUP 6 - MISSISSIPPIAN SUBSURFACE CLAY AND SAND 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updaled by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average ol all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 

This value was used for statistical analysis when no detections were encountered. 



TABLE 3-22 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOIL GROUP 7 -MISSISSIPPIAN SUBSURFACE SILT 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Reporl (TtNUS, January 2001). This risked-based criteria was current 

as ol the QAPP (TtNUS, April 2000). It is imporlant to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 

This value was used for statistical analysis when no detections were encountered. 
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TABLE 3-24 

STATISTICAL SUMMARY OF BASEWIDE BACKGROUND ANALYTICAL RESULTS 
SOIL GROUP 9 - PENNSYLVANIAN SUBSURFACE SAND 

NSWC CRANE, CRANE, INDIANA 

Notes: 
NA - Not available. 
Concentrations that exceed soil risk-based target levels are bolded. 
1 - Value is based on human health and ecological risk-based criteria as presented in Appendix E, Table E-1-1 of Background Report (TtNUS, January 2001). This risked-based criteria was current 

as of the QAPP (TtNUS, April 2000). It is important to note that this information is updated by the appropriate regulatory agencies on a periodic basis. 
2 - Exceedances are defined as detected values above the SRBTL. 
3 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 

This value was used for statistical analysis when no detections were encountered. 



TABLE 3-25 

SUMMARY OF POTENTIAL RECEPTORS BY SITE 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

1 "Xu indicates that the receptor will be evaluated in the human health or ecological risk assessments. 
2 "--" indicates that the receptor is not a likely potential receptor and will not be evaluated in the human health risk assessment. 
3 Includes terrestrial and aquatic receptors. 

Site 

SWMU 4 - McComish Gorge 

SWMU 5 - Old Burn Pit 

SWMU 9 - Pesticide Control1 
R-150 Tank Area 

SWMU 10 - Rockeye 

Recreational 
User (Adult) 

Adolescent 
Trespasser 

Ecological 
~ e c e ~ t o r s ( ~ )  

Current Scenario 

X 

X 

X 

X 

SWMU 4 - McComish Gorge 

SWMU 5 - Old Burn Pit 

SWMU 9 - Pesticide Control1 
R- 150 Tank Area 

SWMU 10 - Rockeye 

X 
X 

X 

X 

Maintenance 
Worker 

Future Scenario 

~ ( 1 )  

X 

X 

X 

-- 
-- 

X 

X 

Occupational 
Worker 

Construction 
Worker 

X 
X 

X 

X 

Resident 
(AdultIChild) 

-- 
-- 

-- 

X 

-- 
-- 
X 

X 

-- (2) 
-- 
-- 

X 

X 
X 

X 

X 

-- 
-- 

-- 

-- 

X 
X 
X 

X 

-- 
-- 
-- 

-- 

X 

X 
X 

X 

X 
X 
X 

X 



TABLE 3-26 

EXPOSLIRE ROUTES FOR QUANTITATIVE EVALUATION 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 

Receptors 
Adolescent Trespassersn (6 to 17 
Years) 

MaintenanceIOccupational Workers 
s 

Construction Workers 

Adult Recreational Users 

Residents (AdulUChildren) 

Exposure Routes 
Soil dermal contact (surface) 
Soil ingestion (surface) 
Inhalation of airldust/emissions (surface) 
Surface waterlsediment dermal contact 
Surface waterlsediment ingestion 
Soil dermal contact (surface) 
Soil ingestion (surface) 
Inhalation of air/dust/emissions (surface) 
Soil dermal contact (surface and subsurface) 
Soil ingestion (surface and subsurface) 
Inhalation of airldust/emissions (surface and 
subsurface) 
Ground water dermal contact (during excavation) 
Soil dermal contact (surface) 
Soil ingestion (surface) 
Inhalation of airldust/emissions (surface) 
Surface waterlsediment dermal contact 
Surface waterlsediment ingestion 
Soil dermal contact (surface) 
Soil ingestion (surface) 
Inhalation of air/dust/emissions (surface) 
Direct ingestion of ground water 
Ground water dermal contact (showeringlbathing) 
Inhalation of volatiles in ground water 
(showeringlbathing) 
Surface waterlsediment dermal contact 
Surface waterlsediment ingestion 



TABLE 3-27 

SUMMARY OF EXPOSURE ASSUMPTIONS 
SWMUs 4,5,9, AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

RationalelReference 

Professional judgment; 1 daylweek for the RME and 1 daylevery other 

week for the CTE. 

Adolescents from age 6 to 17 evaluated. 

Professional judgment. 

Average age-specific value (US. EPA, May 1989). 

25 percent of the total body surface area will be assumed to be available 

for soil, sediment, and surface water contact. CTE and RME areas 

represent the mean of 50Ih and 95Ih percentile values for ages 6 to 17, 

respectively, as provided in Table 6-6 of the Exposure Factors Handbook 

(U.S. EPA, August 1997). 

Assumed similar to adult exposure (U.S. EPA. May 1993). 

Professional judgment. 

Intake rates for exposure to surface water during wading (U.S. EPA, 

November 1995). 

Professional judgment for maintenance worker; 2 dayslmonth for the RME 

and 1 daylmonth for the CTE. Convention for the occupational worker 

(U.S. EPA, May 1993). 

Convention for RME (U.S. EPA, March 1991); 50th percentile time at one 

residence for CTE (U.S. EPA, May 1989). 

Standard default (U.S. EPA, March 1991). 

U.S. EPA, May 1993. 

Receptor 

Adolescent 

Trespasser 

(6 to 17 Years) 

Maintenance1 

Occupational 

Worker 

Input Parameter 

EF (dayslyr) 

ED (~ rs )  

ET (hourslday) and 

tevent (hrlevent) 

B w  (kg) 

SA (cm21day) and A 

(cm2) 

IRs (mgjday) 

EV (eventslday) 

CR (Uhr) 

EF (dayslyr) 

ED ( ~ r s )  

ET (hours) 

B w  (kg) 

Exposure Assumptions 

RME 

26 

11 

4 

43 

3,820 

100 

1 

0.05'" 

0.01(') 

24 (maintenance) 

250 (occupational) 

25 

8 (air) 

70 

CTE 

13 

11 

2 

43 

3,100 

50 

1 

0.05"' 

0.01'" 

12 (maintenance) 

240 (occupational) 

9 

8 (air) 

70 



TABLE 3-27 

SUMMARY OF EXPOSURE ASSUMPTIONS 
SWMUs 4,5,9,  AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Receptor 

Maintenance1 
Occupational 

Worker (Continued) 

Construct~on Worker 

Adult Recreational 

User 

RationaleIReference 

Surface area of the head, hands, and forearms measured in men assumed 
to be available for soil contact. The RME and CTE values represent 50Ih 
percentile areas of the head, hands, and forearms (US. EPA, August 

1997, Table 6-2). 

U.S. EPA, May 1993. 

Professional judgment. Ground assumed to be frozen or snow covered for 
22 weekslyr. 

Estimated length of construction project (professional judgment). 

U.S. EPA, May 1993. 

Recommended values for adult skin surface area assumed to be available 

for soil contact (U.S. EPA, August 1997; Table 6-1 6). 

Convention for the RME (U.S. EPA, March 1991). CTE is assumed to be 

one-half the RME value. 

Professional judgment. 

Professional judgment; 1 daylweek for the RME and 1 daylevery other 

week for the CTE. 

U.S. EPA. May 1993. Assumed length of residence for an adult living near 

the facility. 

Professional judgment. 

U.S. EPA, May 1993. 

Feet, lower legs, hands, head, and arms of adult male assumed to be 
available for sediment contact. The RME and CTE values represent the 

50Ih percentile areas of the feet, lower legs, hands and arms (U.S. EPA, 

August 1997, Table 6-2). 

CTE 

3,300 

50 

150 

1 

70 

5,000 

240 

1 

26 

9 

2 

70 

9,070 

Input Parameter 

SA (cm2/day) 

IRs @@day) 

EF (dayslyr) 

ED ( ~ r s )  

B w  (kg) 

SA (cm2/day) 

IRs (mg/day) 

EV (eventslday) 

EF (dayslyr) 

ED (Y~s)  

ET (hourslday) and 

tevent (hrlevent) 

B w  (kg) 

SA (cm2/day) 

Exposure Assumptions 

RME 

.3,300 

100 

150 

1 

70 

5,800 

480 

1 

52 

30 

4 

70 

9,070 



TABLE 3-27 

SUMMARY OF EXPOSURE ASSUMPTIONS 
SWMUs 4,5,9,  AND 10 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

EF = Exposure frequency 
ED = Exposure duration. 
ET = Exposure time. 
BW = Body weight. 

SA = Body surface area exposed. CR = Contact rate - surface water. 
IRs = Ingestion rate - soil. IRw = Ingestion rate - ground water. 
IRa = Inhalation rate. 
EV = Exposure events. 

RationalelReference 

Based on U.S. EPA, May 1993. 

Professional judgment. 

Intake rates for exposure to surface water during wading (U.S. EPA, 
November 1995). 

U.S. EPA, May 1993. One shower assumed to be taken per day. 

U.S. EPA, May 1993. 

15 mintevent for RME and 10 mintevent for CTE (U.S. EPA, January 

1 992). 

U.S. EPA, May 1993. 

Recommended values for adult skin surface area assumed to be available 

for soil contact (U.S. EPA, August 1997). Child CTE and RME areas 
represent 25% of the total body area, as provided in Table 6-6 of the 

Exposure Factors Handbook (U.S. EPA, August 1997). 

U.S. EPA, May 1993. 

For all age groups while showering (U.S. EPA, December 1989). 

U.S. EPA, May 1993 for adult exposure. U.S. EPA, August 1997, Table 3- 

30 for child exposure. 

Professional judgment 

Receptor 

Adult Recreational 
User (Continued) 

Resident 
(AdulVChild) 

1 Exposure assumption for adult receptor. 
2 Exposure assumption for adolescent receptor. 

CTE 

50 

1 

0.05") 
0.01 (21 

234 

7(1) 

2(2) 

0.167 

70") 
1 5'2) 

5,000(" 
1,745") . 

50'" 

100'~' 

0.6 

I .4(') 

0.66'~) 

1 

Input Parameter 

IRs (mg/day) 

EV (eventstday) 

CR (Uhr) 

EF (daystyr or 

showerstyr) 

ED (~ rs )  

tevent (hrtevent) 

Bw (kg) 

SA (cm2/day) 

IRs (mg/day) 

IRa (m3/hr) (showering) 

IRw (Uda~)  

EV (eventstday) 

Exposure Assumptions 

RME 

100 

1 

0.05") 
0.01 (2) 

350 

24") 
6(2) 

0.25 

70'') 
1 5'2) 

5,800'" 
2,000'~' 

loo(') 

200(') 

0.6 

2(1) 

1 .5'2) 

1 



TABLE S28 

NON-CANCER TOXICITY DATA FOR CHEMICALS OF CONCERN - ORAUDERMAL 
SWMUS 4 .5 .8 .10  

NSWC CRANE. CRANE, INDIANA 

Vanadium 0 026 NOEL I 100 07197 

Zinc I chronic I 3.OE-01 I mgkg-day 1 1 Blood 3 I IRIS I 0912Y01 I 3 WE-01 ( mgkg-day I 
Cyanide I chronic 1 20E-M I mgkgday 1 1 I 2 WE-02 I rnwkg-day I Weight Loss. Thymid I 500 I IRIS I 0912YOl 

1 - U S EPA, 2000 
2 - RID dermal = RfDoral x (Oral to Dermal Adjustment Factor). 
3 - Dates of IRIS. HEAST, or NCEA. 

Notes: RID = Reference dose. 
CNS = Central nervous system. 
IRIS = Integrated Risk Information System, on-line database search (US. EPA. November 2001). 
HEAST = Health Effects Assessment Summary Tables ( U S  EPA, July 1997). 
NCEA = US.  EPA Natlonal Center lor Env~ronmental Assessment (U S. EPA Region 3 RBC Table. September 2001) 
NA = Not appticablelNot available. 
NOAEL = No-observed-adverse.effect-level . 



TABLE 3-29 

NON-CANCER TOXICITY DATA FOR CHEMICALS OF CONCERN -- INHALATION 

SWMUS 4,5,9,10 

NSWC CRANE, CRANE, INDIANA 

Notes: 

RfC = Reference Concentration. 

RfD = Reference Dose. 

IRIS = Integrated Risk Information System, on-line database search (U.S. EPA, November 2001). 

NCEA = U.S. EPA National Center for Environmental Assessment 

(U.S. EPA Region Ill RBC Table, September 2001). 

NA = Not applicablefnot available. 

Chemical 

of Potential 

Concern 

Chloroform 

cis-l,2-Dichloroethene 

Chronic1 

Subchronic 

Chronic 

Chronic 

Value 

Inhalation 

RfC 

3.0~-01 

3.5~+01 

Units 

mg/m3 

mg/m3 

Adjusted 

Inhalation 

RfD 

8.6E-05 

1 .OE-02 

Units 

mglkg-day 

mglkg-day 

Primary 

Target 

Organ 

Liver 

Blood 

Combined 

UncertaintyIModifying 

Factors 

N A 

N A 

Sources of 

RfC:RfD: 

Target Organ 

NCEA 

IRIS 

Date 

9/25/2001 

1 1 /20/200 1 



TABLE 3-30 

CANCER TOXICITY DATA FOR CHEMCAALS OF CONCERN-- ORAUDERMAL 
SWMUS 4,5,9,10 

NSWC CRANE, CRANE, INDIANA 

Oral to Dermal Adjusted Dermal 
of Potential Cancer Guideline 

Methylene Chloride 

1 - U.S. EPA, 2000.. EPA Group: 

2 - CSFdermal = CSForalI(0ral to Dermal Adjustment Factor). A - Human carcinogen. 
3 - Dates of IRIS. HEAST, or NCEA. B1 - Probable human carcinogen - indicates that limited human data are 

available. 

Notes: 82 - Probable human carcinogen - indicates sufficient evidence in anima 

CSF = Cancer Slope Factor. inadequate or no evidence in humans. 

IRIS = lntegraled Risk Information System, on-line database search (U.S. EPA. November 2001) C - Possible human carcinogen. 
HEAST = Health Effects Assessment Summary Tables (US. EPA. July 1997). D - Not classifiable as a human carcinogen. 

NCEA = U.S. EPA National Center for Environmental Assessment E - Evidence of noncarcinogenicity. 
(US. EPA Region Ill RBC Table, September 2001). 



TABLE 3-31 

CANCER TOXICITY DATA FOR CHEMICALS OF CONCERN -- INHALATION 

SWMUS 4,5,9,10 

NSWC CRANE, CRANE, INDIANA 

of Potential Cancer Guideline 

IRIS = Integrated Risk Information System (November 2001). 

HEAST= Health Eftects Assessment Summary Tables. 

NCEA = U.S. EPA National Center for Environmental Assessment 

(US.  EPA Region Ill RBC Table, September 2001). 

EPA Group: 

A - Human carcinogen. 

Bt - Probable-human carcinogen - indicates that limited human data are ava~lable 

82 - Probable human carcinogen - indicates sulficient evidence in animals and 

inadequate or no evidence in humans. 

C - Possible human carcinogen. 

D - Not classifiable as a human carcinogen. 

E - Evidence of noncarcinogenicity. 



FIGURE 3-1 

NAVY'S ECOLOGICAL RISK ASSESSMENT TIERED APPROACH 
NSWC CRANE, CRANE INDIANA 

I 1  Tier 1. Screeninq Risk Assessment (SRA): Identify pathways and compare exposure point concentrations 
to bench marks. 

Step 1 : Site Visit; Pathway IdentificationIProblem Formulation; Toxicity ~valuaiion 

Step 2: Exposure Estimate; Risk Calculation (SMDP)' 

I I Proceed t o  Exit Criteria for SRA , I 
4 

Exit Criteria for the Screening Risk Assessment: Decision for exiting or continuing 
the ecological risk assessment. 

1) Site passes screening risk assessment: A determination is made that the site poses 
acceptable risk and shall be closed out for ecological concerns. 

1 Step 3b: Problem Formulation - Toxicity 2) If re-evaluation of the conservative 

Assessment Endpoints; Conceptual Model; exposure assumptions (SRA) do not 

Risk Hypothesis (SMDP) support an acceptable risk 
determination then the site continues 

2) Site fails screening risk assessment: The site must have both complete pathway and 
unacceptable risk. As a result the site will either have an interim cleanup or moves to the 
second tier. 

Step 4: Study DesignIDQO - Lines of Evidence; Measurement in the Baseline ecological Risk 

Endpoints; Work Plan and Sampling & Analysis Plan (SMDP) Assessment process. 
Proceed to Step 3b. 

Tier 2. Baseline Ecoloqical Risk Assessment (BERA): 
Detailed assessment of exposure and hazard to "assessment 
endpoints" (ecological qualities to be protected). Develop site 
specific values that are protective of the environment. 

Step 3a: Refinement of Conservative Exposure Assumptions2 
(SRA) - Proceed to Exit Criteria for Step 3a 

I Step 5: Verification of Field Sampling Design (SMDP) I '  
I I Step 6: Site Investigation and Data Analysis [SMDP] I 

-+ 

I / Step 7: Risk Characterization I 

Exit Criteria Step 3a Refinement 

1) If re-evaluation of the conservative 
exposure assumptions (SRA) support 
an acceptable risk determination then 
the site exits the ecological risk 
assessment process. 

I I Proceed t o  Exit Criteria For BERA 
I I 

Exit Criteria Baseline Risk Assessment 

1) If the site poses acceptable risk then no further evaluation and no remediation from an ecological perspective is 
warranted. 

2) If the site poses unacceptable ecological risk and additional evaluation in the form of remedy development and 
evaluation is appropriate, proceed to third tier. 

1 I 
I I + I 

Tier 3. Evaluation of Remedial Alternative (RAGS C) 
a. Develop site specific risk based cleanup values. 

b. Qualitatively evaluate risk posed to the environment by implementation of each alternative (short term) impacts 
and estimate risk reduction provided by each (long-term) impacts; provide quantitative evaluation where 
appropriate. Weigh alternative using the remaining CERCLA 9 Evaluation Criteria. Plan for monitoring and site 

J I closeout. 

dotes: 1) See EPA's 8 Steps ERA Process for requirements for each Scientific Management Decision Point (SMDP). 
2) Refinement includes but is not limited to background, bioavailability, detection frequency, etc. 
3) Risk Management is incorporated throughout the tiered approach. 
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4.0 SWMU 4 

This section describes the site investigation, physical characteristics, nature and extent of contamination, 

human health and ecological risk assessments, and conclusions for SWMU 4 (McComish Gorge). 

~eferences to other sections of the RFI report are provided for relevant background information and 

general data evaluation procedures. 

4.1 BACKGROUND INFORMATION 

Section 1.4.1 contains a description of McComish Gorge. Section 1.5.1 contains a brief description of 

historical data collection activities. Section 1.6.1 summarizes information on constituents in 

environmental media that may be attributable to historical operation at SWMU 4. These "constituents of 

interest" were used as the basis for the SWMU 4 site investigation described in this section. 

4.2 SITE INVESTIGATION 

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

potential risks for those human and ecological receptors identified in the CSM discussed in Section 4.6 

and 4.7. Figure 4-1 includes the sample locations. Table 4-1 summarizes the sampling and analysis 

program for SWMU 4, McComish Gorge. 

As depicted on Table 4-1, 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). 

The analytical program for McComish Gorge was developed based on the chemical categories 

represented by the list of detected chemicals of interest identified for the site in Section 5.4 of the Risk 

Assessment Work Plan (TtNUS, August 2000a). 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 also 

were analyzed for total and dissolved inorganics, hardness, and total dissolved solids (TDS) and 

sediment samples were analyzed for TOC for assessing the potential risks for ecological receptors. 

Additionally, soil characteristic parameters (CEC, pH, and TOC) 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). One ground water sample was analyzed for dissolved inorganics because the turbidity of 
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the sample was greater than 15 NTSU. Low-flow sarnpling procedures were used to minimize sample 

turbidity. 

As noted previously, Figure 4-1 illustrates the sampling locations for the field investigation at McComish 

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

Surface soil (2 samples): Two surface soil samples were collected at locations 04SS01 and 04SS02, 

where surface debris is present, to assess the potential risks associated with residual soil 

contamination. Samples from a depth of 0 to 2 feet bgs were collected from soil adjacent to surface 

debris (drums, cylinders, etc.). Surface debris was noted to be present at the site during the August 

1999 geophysical investigation. Exposed drums were found in two areas and metallic cylinders were 

observed at one location. 

Surface/subsurface soils (Borings) (24 samples): To assess potential risks associated with residual 

soil contamination, 12 soil borings were installed and sampled based on the results of a geophysical 

survey, which was used to identify site boundaries. Collocated surface and subsurface soil samples 

were obtained for a total of 24 soil samples. A sample was obtained from the surface (0 to 2 feet bgs) .@-, 

and at a subsurface depth (not greater than 10 feet bgs). Six locations (04SB01 through 04SB06) 

where geophysical anomalies were observed were sampled. The other two locations (04SB07 and 

04SB08) were sampled along the western portion of the site to provide even coverage over the entire 

area. Four sample locations (04SB09 through 04SB12) were based on the results of a geophysical 

survey conducted during December 2000. 

Ground water (9 samples): Six existing monitoring wells (04-01 through 04-06) at the site were 

sampled to assess the potential risks associated with the migration of soil constituents to ground 

water. Three new monitoring wells were installed and sampled during this field effort. One well, 

04T01, was located outside the western boundary of the site and was installed to establish water- 

quality conditions immediately upgradient of the site. Well 04T02 was installed to monitor conditions 

at the southern edge of the site. An additional well (04T03) located east of the access road leading to 

the site was used to monitor downgradient conditions. 

Originally, the primary purpose of well 04C01 was to determine stratigraphy in the area. Historically, 

analytical results from well 04C01 were below human and ecological screening criteria [refer to 

Figures 5-5 and 5-6 of the Risk Assessment Work Plan (TtNUS, August 2000a)l. Therefore, this well 

was not sampled during the risk assessment field investigation. X**4 
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Surface water (5) and sediment (16) - 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 six locations. Three 

sampling points were located in Culpepper Branch Creek. A location in the creek (04SWlSD01) 

outside the western boundary of the site was sampled to evaluate upstream conditions; locations 

04SWlSD02 and SWlSD03 were used to monitor the stream at locations potentially affected by 

surface water runoff andlor ground water discharge. Surface water and sediment samples were 

collected from a marshlwet area (04SWlSD04) and an unnamed tributary (04SWlSD05). lnformation 

from 04SWlSD04 was used to confirm that the western boundary of the SWMU does not extend to 

this area. lnformation from sample 04SWlSD05 was used to determine that the southern boundary of 

the site extends to this area. Location 04SD06 was sampled to evaluate downstream sediment 

conditions in the unnamed tributary south-southeast of the site; no surface water was present at this 

location. Based on the relatively small size of this area (less than 100 feet in diameter), one sample 

located anywhere within the confines of the feature would yield representative results of the area of 

interest. The field crew identified the actual sample locations and this field siting of the sample 

locations caused sample 04SWlSD04 to be shifted from the location depicted in the Work Plan. This 

slight shift in the sample location is within acceptable field approximation standards and the results 

obtained met the original intent of the sampling approach. 

Section 2.0 contains details on field sampling procedures and 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 andlor future land use. A description of how the 

data obtained during the field investigation were managed prior to use in the risk assessments is 

presented in 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). 

4.3 PHYSICAL CHARACTERISTICS 

McComish Gorge is located in the northwestern corner of NSWC Crane, approximately 500 feet south of 

Crane Gate No. 4. The site occupies approximately 5 acres. McComish Gorge is bounded on the north 

by Culpepper Branch creek and on the east by Highway 140. Figure 4-1 includes these details. 
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The topography at McComish Gorge consists of undulating terrain dissected by many small 

drainageways. The elevation of the ground surface rises to a maximum of approximately 605 feet AMSL 

along an eroded plateau that borders the site to the south. Several drainage ditches convey water 

northward, toward larger tributaries that drain into Culpepper Branch. The elevation of the ground surface 

along Culpepper Branch is approximately 550 feet. Culpepper Branch flows from the west to the east 

past SWMU 4 (Figure 4-I), and then flows toward, and discharges into Furst Creek. 

4.3.2 Geoloqy 

Most of the McComish Gorge site is situated in the dissected alluvial valley of Culpepper Branch Creek. 

Unconsolidated deposits representing three depositional environments have been mapped at the SWMU 

(Kvale, 1992), including alluvium in the flood plain that stretches along Culpepper Branch, the glacial 

outwash along the southern border of the SWMU, and the residual soil derived from the Pennsylvanian 

bedrock in the immediate SWMU area and farther south. 

Figure 4-2 shows the locations of the hydrogeologic cross sections for McComish Gorge. Figures 4-3 and 

4-4 show the hydrogeologic cross sections. Borings shown on these figures consist of those installed by 

TtNUS and one historical boring installed by the U.S. Army Corps of Engineers (USACE). The 

encountered subsurface materials included fill, natural unconsolidated materials, and bedrock. The fill 

was encountered in the borings in the central portion of the SWMU and extended to a maximum depth of 

10 feet bgs. The fill included glass, wood, metal, and plastic. Natural unconsolidated materials 

representative of alluvium, glacial outwash, and erosion of Pennsylvanian bedrock underlie the fill and 

exist at the ground surface where the fill is not present. The natural unconsolidated materials consist 

predominantly of fine materials including varying amounts of clay, silt, and sand. Gravel exists to a lesser 

extent in the natural unconsolidated materials. The natural unconsolidated materials extend to at least 

128 feet bgs, where Pennsylvanian bedrock was encountered in an exploratory well boring (04C01) 

drilled during a previously performed investigation (Barnhill, 1993). The Pennsylvanian bedrock found in 

this boring consisted primarily of shale. The boring was advanced to a total depth of 230 feet bgs, and 

the Mississippian Elwren formation was identified underlying Pennsylvanian rocks at a depth of 228 feet 

bgs. Limited information on bedrock geology and hydrogeology exists for this SWMU since only one well 

(04C01) is installed in the bedrock and well construction details are unknown. 
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Ground water is present beneath McComish Gorge at depths less than 5 feet bgs near Culpepper 

Branch. The depth to ground water increases to greater than 30 feet in wells located at higher elevations 

to the south. Ground water exists in the natural unconsolidated materials and bedrock, and was not 

found in the fill. Shallow ground water in the natural unconsolidated materials flows from topographic 

high areas northeast toward and discharging into Culpepper Branch, as shown in Figure 4-5, at an 

approximate gradient of 0.03. 

Ground water in the bedrock was measured at a depth of 125 feet bgs in well 04C01, which is 

approximately 100 feet below the depth to ground water in the shallow ground water of the natural 

unconsolidated materials. This finding suggests that a ground water zone exists in the bedrock that is 

separate from shallow groundwater in the natural unconsolidated materials. A summary of well 

construction details and water levels is included on Table 2-1. 

SWMU 4 - NATURE AND EXTENT OF CONTAMINATION 

Soil (surface and subsurface), ground water, surface water, and sediment samples were collected from 

SWMU 4 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 4 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, 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 IVSWC Crane. SWMU 4 surface soil are classified as Groups 1 and 3 and subsurface soils 

are classified as Groups 2 and 9. The following are description of these soil types: 

Group 1 - LoessIGlacial Surface Soil 

Group 2 - LoessIGlacial Subsurface Soil 

Group 3 - Alluvial, Mississippian, and Pennsylvanian Surface Soil 

Group 9 - Pennsylvanian Subsurface Sand 
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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 SWMU 4 as being statistically 

determined to be either elevated or not elevated relative to background concentrations for that particular 

soil group. It has been assumed that the concentrations of all organic compounds are zero in each of the 

background soil groups. Therefore the detections of organic compounds at SWMU 4 are considered to 

be site-related, unless the data indicate 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, at least 

one upgradient sample per medium was collected. Direct comparisons of site data to these 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 4 media. Some discussion from the work plan is 

referenced in this nature and extent discussion for SWMU 4. pn- 

4.4.1 Surface Soil 

As detailed in Table 4-1 and Section 4.2, 14 surface soil samples were collected to evaluate the nature 

and extent of contamination. All 14 surface soil samples were analyzed for Appendix IX VOCs, Appendix 

IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, Target Analyte List (TAL) 

metals (plus tin), and cyanide. Additionally, two surface soil samples were analyzed for cation exchange 

capacity (CEC), pH, and TOC. 

Table 4-2 presents a summary of the results reported for compounds detected in the surface soil samples 

collected from SWMU 4. Table 4-3 presents a summary of descriptive statistics for surface soil detections 

including rarlge of detections, frequency of detection, location of maximum, and comparison to 

background. Because two different soil groups comprise surface 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.l .I contains a copy of the entire analytical database for SWMU 4 surface soil. 

Figures 4-6 and 4-7 present a geographical depiction of organic and inorganic detections in surface soil, 

respectively. If organiclinorganic chemical concentrations exceeded risk-based or applicable regulatory #'muh 

concentration criteria (criteria/lO for non-carcinogens), flags (e.g., R5DQL) appear on the tags at the 
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affected locations on Figure 4-7. If an inorganic chemical was detected at a particular surface soil 

location and the site data set for that chemical is elevated as compared to the corresponding background 

data set (Soil Group 1 or 3), the result was flagged with "BACK". 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 site 

chemical concentrations for that soil group are not elevated relative to background concentrations. 

Volatile Organic Compounds 

Four VOCs (1,1,1 -trichloroethane, acetone, methylene chloride, and xylenes) were detected in the 

surface soil samples. The detected VOCs are common solvents and gasoline-related compounds. 

1,1,1 -Trichloroethane and methylene chloride were detected in sample 04SB120102 at concentrations of 

6 pglkg and 4 pglkg, respectively. Acetone was detected in sample 04SB030102 at a concentration of 

43 pglkg. Xylenes were detected in samples 04SB090102, 04SB100102, 04SB110102, and 

04881 20102 at concentrations ranging from 4 pglkg to 6 pglkg. There is no apparent pattern of VOC 

contamination, and, based on site history, there is no known source of VOCs at SWMU 4. 

Concentrations of methylene chloride are likely to be attributable to blank contamination see Section 

3.1.4.2 for a detailed explanation. 

Semivolatile Organic Compounds 

Fourteen PAHs and bis(2-ethylhexyl) phthalate were detected in surface soil samples. Bis(2-ethylhexyl) 

phthalate was detected in sample 04SB110002 at a concentration of 540 pglkg. Maximum detected 

concentrations of the 14 PAHs ranged from 8 pglkg (acenaphthene and naphthalene) to 6,000 pglkg 

(pyrene). PAHs were detected in two surface soil samples, 04SS010002 and 04SB030002. 

Acenaphthene (8 pglkg), acenaphthylene (30 pg/kg), anthracene (38 pg/kg), dibenzo(a,h)anthracene 

(28 pglkg), and naphthalene (8 pglkg) were detected in sample 04SS010002. The maximum detected 

concentrations of benzo(a)anthracene (2,800 pglkg), benzo(a)pyrene (3,000 pglkg), 

benzo(b)fluoranthene (4,800 pglkg), benzo(gjh,i)perylene (3,700 pglkg), chrysene (2,900 pglkg), 

fluoranthene (5,400 pglkg), indeno(l,2,3-cd)pyrene (2,200 pglkg), phenanthrene (3,800 pglkg), and 

pyrene (6,000 pglkg) were found in sample 04SB030002. In general, the only distinguishable pattern of 

PAH contamination is that it is limited to surface soil at these two locations. As shown in Figure 4-6, 

sample 04SB030002 was collected in the east-central portion of the site, and sample 04SS010002 was 

collected in the southeastern portion of the site along a roadway. These semivolatiles may be related to 

site disposal operations. The PAHs may be attributable to asphalt, combustion products, or waste oil and 

the bis-(2-ethylhexyl) phthalate may be due to disposal of plastic materials, a common source of this 

compound that is likely to be found in landfills. 
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Additionally, according to the work plan for SWMUs 4, 5, 9, and 10 (TtNUS, August 2000a), historically, it 

was common practice to treat areas alongside roadways with a mixture of herbicides and waste fuel oils, 

which could be a potential non-site-related source of PAHs. 

Endosulfan I and 4,4'-DDT were the only pesticides detected in the surface soil samples. Endosulfan I 

was detected in samples 04SB090002 (8.1 pglkg) and 04SB100002 (7.3 pglkg). These samples are 

located along a roadway and these chemicals were not detected in subsurface soils (see Section 4.4.2). 

4,4'-DDT was detected in samples 04SB050002 (110 pglkg) and 04SS010002 (8 pgkg). As shown in 

Figure 4-6, samples 04SB090002, 04SB100002, and 04SS010002 were collected along the southern 

border of the site. Sample 04SB050002 was collected in the east-central portion of the site. The nature 

of typical pesticide usage, the generally low concentrations (i.e., most detections less than 10 pg/kg), and 

the sparse spatial distributions could reflect topical applications of pesticides or migration via windblown 

dust rather than pesticide disposal by burial in the gorge. If the detected pesticides were disposed at this 

site, the infrequent detection at generally low concentrations (i.e., most detections less than 10 pglkg) 
*** 

suggests that the disposal was limited to small amounts in small areas. 

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 4, pesticides may not be site-related constituents but may, in 

fact, be attributable to basewide insect control measures. 

No PCBs were detected at SWMU 4 in surface soils. 

Herbicides 

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

in samples 04SB090002 (8.3 pglkg) and 04SB100002 (12 pglkg). 2,4-D was detected in samples 

04SB090002 (1 6 pglkg), 04SB100002 (45 pglkg), 04SB070002 (8.3 pg/kg), and 04SB120002 (7 pg/kg). 

Pentachlorophenol was detected in samples 04SB030002 (120 pglkg), 04SB050002 (220 pglkg), and 

04SS010002 (2.9 pglkg). Maximum detected concentrations of both 2,4,5-T and 2,443 were found in 

sample 04SB100002. The nature of typical herbicide usage, infrequent detection, and the sparse spatial 

distributions of the detected herbicides are consistent with topical spot applications of herbicides rather 

than disposal by burial in the gorge. Alternatively, a very limited and localized shallow disposal of these 
R c q  

chemicals at SWMU 4 is possible. 
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Additionally, 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 herbicides and waste fuel oils, which could be a potential non-site-related source of herbicides. 

Metals 

Twenty metals were detected in the surface soil samples. Sodium, selenium, silver, and thallium were not 

detected in any of these surface soil samples. Of the 20 detected metals, aluminum, arsenic, barium, 

chromium, cobalt, iron, lead, magnesium, manganese, nickel, and vanadium were detected in all 14 

samples 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. 

Beryllium and mercury were detected in four and two of the 14 samples, respectively; the maximum 

detected concentrations occurred in different samples. The SWMU 4 data sets for beryllium and mercury 

were determined to be statistically similar to background concentrations. 

Copper and zinc were detected in all 14 samples and were statistically determined to be in excess of the 

respective background concentrations. Antimony and tin were detected in sample 04SB070002, only, 

and were statistically determined to exceed their respective background concentrations. Cadmium was 

detected in four of 14 samples. The SWMU 4 data set for cadmium was statistically determined to 

exceed the cadmium background concentrations. These detections above background concentrations 

suggest that perhaps there was a release of these metals in potentially isolated locations at SWMU 4. 

Maximum detected surface soil concentrations of copper (53.2 mglkg) and zinc (296 mglkg) were 

detected in sample 04SB100002. Maximum detected concentrations of antimony (0.98 mglkg) and tin 

(50.8 mglkg) were observed in sample 04SB070002. The antimony data are similar to background 

concentrations. The maximum detected concentration of cadmium (5.8 mglkg) was observed in sample 

04SB060002, and the cadmium concentrations are slightly greater than background concentrations. As 

shown in Figure 4-7, samples containing detections for antimony, tin, and cadmium are located in the 

southern portion of the site; otherwise, there is no apparent pattern of metals contamination in surface 

soil. Each of these metals is an industrial metal. Their presence at SWMU 4 is not surprising, especially 

given that metal shavings are known to have been disposed at this SWMU. The spatial distributions of 

these metals suggest a limited exposure potential of receptors to the metals. Further evaluation of this is 

presented in the human health risk assessment (HHRA), Section 4.6.1. 
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Miscellaneous Parameters 

Cyanide was detected in samples 04SS010002 (37 mglkg) and 04SB100002 (1.3 mglkg). The TOC in 

samples 04SB080002 and 04SB070002 was 5,100 mgkg and 6,100 mgkg, respectively. The CEC of 

samples 04SB080002 and 0488070002 was 9.8 MEQl100 g and 13 MEQ1100 g, respectively. The pH of 

samples 04SB080002 and 04SB070002 was 5.2 and 5.5, respectively, which is slightly acidic but not 

strong enough to release metals adsorbed to soil particles. 

4.4.2 Subsurface Soil 

As detailed in Table 4-1 and Section 4.2, 12 subsurface soil samples were collected to evaluate the 

nature and extent of contamination. All 12 subsurface 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, four subsurface soil samples were analyzed for CEC, pH, and TOC. 

Table 4-4 presents a summary of the positive results reported for compounds detected in the subsurface 
,+= 

soil samples collected from SWMU 4. Table 4-5 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 

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.l. l  contains a copy of the entire analytical database for 

SWMU 4 subsurface soil. Figures 4-8 and 4-9 present a geographical depiction of organic and inorganic 

detections in subsurface soil, respectively. If organic or inorganic chemical concentrations exceeded risk- 

based or applicable regulatory concentration criteria (criteria11 0 for non-carcinogens), flags (e.g., R9PRG) 

appear on the tags at the affected sampling locations on Figure 4-7. If an inorganic chemical was 

detected at a particular surface soil location and the site data set for that chemical is elevated as 

compared to the corresponding background data set (Soil Group 2 or 9), the result was flagged with 

"BACK." 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 site chemical concentrations for that soil group are not 

elevated relative to background concentrations. 

Volatile Organic Compounds 

Seven VOCs (carbon disulfide, ethylbenzene, acetone, methylene chloride, toluene, 

trichlorofluoromethane, and xylenes) were detected in the subsurface soil samples. Most of the detected 
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VOCs are common solvents and gasoline-related compounds. Acetone and methylene chloride are 

common environmental laboratory solvents. Carbon disulfide and ethylbenzene were both detected in 

only sample 04SB030406 at a concentration of 10 pglkg. Toluene and trichlorofluoromethane were both 

detected in only sample 04SB110810 at concentrations of 5 pgkg and 4 pglkg, respectively. Methylene 

chloride was detected in samples 04SB110810 (7 pglkg) and 04SB120810 (4 pglkg). Xylenes were 

detected in samples 04SB090810, 04SB100608, and 04SB110810 at concentrations ranging from 

7 pglkg to 8 pglkg. Acetone was detected in samples 04SB010204 (21 pglkg), 04SB030406 (63 pglkg), 

and 04SB040408 (8 pglkg). Sample 04SB030406 contained detectable concentrations of carbon 

disulfide, ethylbenzene, and acetone, and sample 04SB110810 yielded concentrations of methylene 

chloride, toluene, trichlorofluoromethane, and xylenes that were less than or equal to 8 pglkg. In 

summary, as displayed in Tale 4-5, VOCs were detected infrequently (i.e., from one to three of the 12 

samples collected). Additionally it is likely that concentrations of methylene chloride are attributable to 

blank contamination (see Section 3.1.4.2 for a detailed explanation). 

A few more VOCs were detected in the subsurface soil than in surface soils. If these compounds were 

site related, it would be logical that the concentrations of VOCs, and perhaps even the variety of VOCs 

that are detected in subsurface soil, would surpass those detected in surface soil because those VOCs 

detected in surface soils would be more susceptible to volatilizing into the atmosphere. A greater variety 

of VOCs was in fact observed in the subsurface soil samples collected from this site. The VOC 

concentrations in surface and subsurface soils are similar, but their location suggests that at least some 

of the VOCs are site related. The observed concentrations of methylene chloride and acetone are 

comparable to what is commonly observed from laboratory contamination. This has raised suspicions 

that those VOCs, in particular, are not related to site activities but this cannot be demonstrated with the 

available data. While the observed concentrations cannot be wholly or partly attributed to laboratory 

contamination, the observed concentrations and spatial distributions do not suggest the existence of a 

significant human health concern as is explained in Sections 4.6.1 and 4.7. Taken together, the sporadic 

spatial distributions and the relatively low concentrations of the detected VOCs suggest that, while these 

contaminants are not completely bounded, continued investigation of them in soils is not warranted. 

Semivolatile Organic Compounds 

Twelve PAHs and bis(2-ethylhexyl) phthalate were detected in subsurface soil samples. Bis(2-ethylhexyl) 

phthalate was detected in sample 04SB100608 at a concentration of 440 pglkg. Maximum detected 

concentrations of the 12 PAHs ranged from 9 pglkg (fluorine and phenanthrene) to 9,000 pglkg 

(fluoranthene). PAHs were detected in four subsurface soil samples, 04SB010204, 04SB020608, 

04SB030406, and 04SB050204. Five PAHs were detected in sample 04SB010204; the concentrations of 
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these PAHs ranged from 9 pg/kg (phenanthrene) to 19 pglkg (pyrene). Four PAHs were detected in 

sample 04SB020608; the concentrations of these PAHs ranged from 9 pg/kg (fluorene) and 

phananthrene to 70 pglkg (phenanthrene). Nine PAHs were detected in sample 04SB030406; the 

concentrations of these PAHs ranged from 3,000 pgtkg [indeno(l,2,3-cd)pyrene] to 9,000 pglkg 

(phenanthrene). Seven PAHs were detected in sample 0488050204; the concentrations of these PAHs 

ranged from 1,300 pglkg (chrysene) to 2,600 pglkg (pyrene). The maximum detected concentrations of 

2-methylnaphthalene, naphthalene, and fluorene were found in sample 04SB020608. Maximum detected 

concentrations of all remaining detected PAHs were found in sample 04SB030406. Phenanthrene, the 

most frequently detected PAH compound, was detected in four samples. Chrysene, fluoranthene, 

benzo(b)fluoranthene, and pyrene were detected in three samples. Benzo(a)pyrene and 

benzo(g,h,i)perylene were both detected in only two samples. 2-Methylnaphthalene, 

benzo(a)anthracene, fluorene, indeno(l,2,3-cd)pyrene, and naphthalene were detected in only one 

sample. 

PAHs were detected more frequently in the subsurface soil samples than in the surface soil samples and 

were located primarily in the eastern half of the SWMU (see Figures 4-6 and 4-8). Sample location 

04SB03 contained the greatest concentrations of PAHs in both surface and subsurface soil samples. rrrriz 

Based on contaminant patterns and observed concentrations, the PAHs may be related to site disposal 

operations. The PAHs may be attributable to asphalt, combustion products, or waste oil and the 

bis(2-ethylhexyl) phthalate may be due to disposal of plastic materials. Additionally, according to the 

work plan for SWMUs 4, 5, 9, and 10 (TtNUS, August 2000a), historically, it was common practice to treat 

areas alongside roadways with a mixture of herbicides and waste fuel oils, which could be a potential 

non-site-related source of PAHs. 

Heptachlor epoxide and delta-BHC were the only pesticides detected in the subsurface soil samples. 

Heptachlor epoxide was detected in sample 04SB020608 (7.6 pglkg). Delta-BHC was detected in 

sample 04SB120810 (2.3 pglkg). As shown in Figure 4-8, samples 04SB020608 and 04SB120810 were 

collected in the northern to central part of the site, about 150 feet from each other. These compounds 

were not detected in the surface soil samples. If the observed concentrations reflect disposal of these 

chemicals at SWMU 4, the disposal is likely to have been limited in magnitude and localized with little to 

no movement after disposal. Disposal would have been limited to the north-central portion of SWMU 4. 

Aroclor 1254 was detected in sample 04SB020608 at a concentration of 2,100 pglkg. PCBs were not 41 

detected in any surface soil samples. Sample 04SB020608 was collected from the central portion of 
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SWMU 4. The presence of Aroclor 1254 is almost certainly related to past disposal activities at this site 

because the observed concentration is relatively high (i.e., greater than 250 pglkg), although the limited 

detection suggests an isolated occurrence. 

Herbicides 

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

detected in sample 04SB100608 (4.8 pglkg). This detected herbicide could be related to the observed 

detection (12 pglkg) of 2,4,5-T in surface soil from the same soil column. 2,4-D was detected in sample 

04SB020608 (16 pglkg). Dinoseb was detected in sample 04SB060709 (5 pglkg). Pentachlorophenol 

was detected in samples 04SB020608 (5.8 pglkg), 04SB040608 (24 pglkg), and 04SB050204 (14 pglkg). 

As shown in Figure 4-8, detections of these herbicides are sporadic and are lower in cancentration than 

those found in surface soil samples from SWMU 4. The lesser subsurface concentrations of these 

chemicals relative to surface concentrations reflect a potential vertical downward migration with dilution 

occurring during migration. This would be consistent with shallow disposal or topical applications of these 

chemicals at the SWMU 4 surface. If shallow disposal occurred, the location of the disposal is probably 

near to soil borings SB03 and SB05. 

Additionally, 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 herbicides and waste fuel oils, which could be a potential non-site-related source of herbicides. 

Metals 

Twenty-one metals were detected in the subsurface soil samples. Sodium, silver, and thallium were not 

detected in any of these subsurface soil samples. Of the 21 detected metals, aluminum, cobalt, and 

potassium were the only metals detected in all 12 samples that were statistically determined to not 

exceed background concentrations for these analytes. Arsenic, barium, chromium, copper, iron, lead, 

magnesium, manganese, nickel, vanadium, and zinc were also detected in all 12 samples scattered 

across the SWMU; however, these analytes were statistically determined to be in excess of their 

respective background data sets in Soil Group 9. Three of the detected metals (calcium, magnesium, 

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

Selenium was detected in samples 04SB020608 (1.7 mglkg) and 04SB080810 (2.1 mglkg), which are 

about 300 feet apart. This metal was not detected in any other samples of the same soil column. 

Mercury and tin were detected in three of 12 samples at maximum concentrations of 0.17 mglkg and 
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25 mg/kg, respectively, with these maximum concentrations occurring in different samples. The three 

detections of these metals were relatively localized in the eastern half of the SWMU. Antimony and 

beryllium were each detected in four of 12 samples at maximum concentrations of 4.9 mgkg and 

0.81 mglkg, respectively; again, these maximum concentrations occurred in different samples. Cadmium 

was detected in five of 12 samples at concentrations ranging from 0.44 mgkg to 1.3 mglkg, with the 

maximum concentration occurring in sample 0488030406. The respective SWMU 4 data sets for 

selenium, mercury, tin, antimony, beryllium, and cadmium were statistically determined to exceed their 

respective soil Group 9 background concentrations. This is discussed further in the Summary, Section 

Maximum detected concentrations of cadmium (1.3 mgkg), lead (63 mgkg), mercury (0.17 mgkg), tin 

(25 mgkg), and zinc (122 mglkg) all occurred in sample 0488030406. Maximum detected 

concentrations of chromium (138 mgkg), copper (79.4 mglkg), iron (144,000 mglkg), and nickel 

(1 11 mglkg) all occurred in sample 04SB020608. As shown in Figure 4-9, samples 04SB030406 and 

0488020608 were collected within approximately 150 feet of each other in the central portion of SWMU 4 

and, in comparison to other collected samples, contained elevated metals concentrations. The 

concentrations of metals detected in subsurface soil samples were greater than those detected in surface -+a 

soil samples collected from SWMU 4. 

In summary, 18 of 24 metals investigated in surface and subsurface soil yielded detectable 

concentrations that exceeded their respective background concentrations in one or both subsurface soil 

groups. Some metals (i.e., mercury and tin) are located in a relatively small area of subsurface soils in 

the eastern part of the SWMU. The remaining 16 metals that exceeded background concentrations are 

scattered throughout the SWMU at various depths and generally extend as far as the lateral SWMU 

boundaries. 

Miscellaneous Parameters 

Cyanide was not detected in subsurface soil samples. 

Only samples 04SB010204, 04SB060709, 048808081 0, and 04881 2081 0 were analyzed for 

miscellaneous parameters. TOC ranged from 1,200 mglkg to 7,500 mglkg. CEC ranged from 2.8 MEW1 

to 8 MEQI1. The pH ranged from 5.9 to 7.1, respectively, which ranges from slightly acidic to neutral. 
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4.4.3 Ground Water 

As detailed in Table 4-1 and Section 4.2, 8 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 PCBs, Appendix IX herbicides, total TAL metals (plus 

tin), and cyanide. Sample 04GWT0201 was analyzed for dissolved TAL metals because the turbidity of 

the groundwater after stabilization was greater than 10 NTU. Sample 04GW0101 is the SWMU 4 

upgradient ground water sample. 

Table 4-6 presents a summary of the positive results reported for compounds detected in the ground 

water samples collected from SWMU 4. Table 4-7 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 sample concentrations. Appendix E.l.l contains a copy of the 

entire analytical database for SWMU 4 ground water. Figure 4-10 presents a geographical depiction of 

organic and inorganic detections in ground water. 

If organic or inorganic chemical concentrations exceeded a risk-based or applicable regulatory 

concentration criterion (criterion110 for non-carcinogens), a flag (e.g., RSTAP) appears on the tag map at 

the affected sampling location. 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 "UPn 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 

IVo VOCs were detected in SWMU 4 ground water samples. 

Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate was detected in sample 04GWT0301 at a concentration of 2 pglL. 

Bis(2-ethylhexyl) phthalate was also detected in surface (04SB11) and subsurface soil (04SB10) at 

approximately 500 pglkg. Well location 04T03 is downgradient of these soil boring locations. No other 

SVOCs were detected in SWMU 4 ground water. 

No pesticidelPCBs were detected in SWMU 4 ground water samples. 
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Herbicides 

No herbicides were detected in SWMU 4 ground water samples. 

Metals 

As per Table 4-6, aluminum, arsenic, barium, calcium, cobalt, iron, magnesium, manganese, selenium, 

and sodium were the only metals detected in these ground water samples. The maximum detected 

concentrations of all these aforementioned metals 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 was detected only in sample 

04GWT0201 (513 vg/L). Cobalt was detected in only sample 04GW0401 at a concentration of 10.1 pg/L. 

Selenium was detected in samples 04GW0201 and 04GW0601 at concentrations of 1.5 vg/L and 

2.3 pg/L, respectively. Arsenic and iron were detected in seven of eight samples at maximum 

concentrations of 3.6 vgR and 33,300 pg/L, respectively, with the maximum concentrations occurring in 

different samples. Barium was detected in all eight samples at concentrations ranging from 12.2 vg/L to 

147 vg/L, with the maximum occurring in sample 04GW0301. 

As displayed by Table 4-7, the maximum detected concentrations were divided among all the sample 

bcations. As shown in Figure 4-10, 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 4. 

Sample 04GWT0201 was also analyzed for dissolved metals. Arsenic, barium, calcium, iron, and 

magnesium were detected in the dissolved sample. The concentrations of these metals, except iron, 

were similar to the 'concentrations detected in the total analysis. The iron results in the filtered sample 

was an order of magnitude less than the total iron result. The remaining metals analytes were not 

detected in either the total or dissolved analysis of sample 04GWT0201. 

Miscellaneous Parameters 

Cyanide was not detected in these ground water samples. 

4.4.4 Surface Water 

As detailed in Table 4-1 and Section 4.2, 4 surface water samples were collected to evaluate the nature 

and extent of contamination. All surface water samples were analyzed for Appendix IX VOCs, Appendix 
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IX SVOCs, Appendix IX pesticides, Appendix IX PCBs, Appendix IX herbicides, total and dissolved TAL 

metals (plus tin), cyanide, hardness, and total suspended solids. Sample 04SW0101 is the SWMU 4 

upgradient surface water sample. The surface water sample that was to have been collected from 

location of 04SWlSD06 was not collected because there was no standing surface water at the time of 

sample collection. 

Table 4-8 presents a summary of the positive results reported for compounds detected in the surface 

water samples collected from SWMU 4. Table 4-9 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 sample concentrations. Appendix E.l.l contains a copy of the 

entire analytical database for SWMU 4 surface water. Figure 4-1 1 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 (criterion110 for non-carcinogens), 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 

No VOCs were detected in SWMU 4 surface water samples. 

Semivolatile Organic Compounds 

Di-n-octyl phthalate was detected in sample 04SW0501 at a concentration of 5 pg1L. This compound was 

not detected in surface soil, subsurface soil, or ground water. No other SVOCs were detected in SWMU 

4 surface water. 

No pesticides or PCBs were detected in SWMU 4 surface water samples. PesticideIPCB results for one 

upgradient (04SW0101), two SWMU 4 (04SW0201 and 04SW0301), and one field duplicate surface 

water (04SW0301-D) samples were rejected because they were extracted after the holding time had 

expired. However, none of these four samples exhibited detectable concentrations of either pesticides or 

PCBs (e.g., non-detect). Because pesticides and PCBs are persistent chemicals that are resistant to 
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degradation, this non-detection suggests that had there been any occurrence of these chemicals, it would 

have been at low concentration (e.g., below detection limits) in the surface water. ~urthermore, detection 

of these compounds only occurred in a few isolated surface and subsurface soil locations that are a far 

enough distance from or at a sufficient depth that they would not have any effect on Culpepper Branch 

Creek associated with surface run-off or subsurface migration. It is highly unlikely that pesticides/PCBs, 

that are associated primarily with suspended sediment, would be detected in the surface water; therefore, 

it was not necessary to collect additional surface water samples for pesticide1PCB analysis." 

Herbicides 

No herbicides were detected in SWMU 4 surface water samples. 

Metals 

As per Table 4-8, aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium, manganese, 

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

maximum detected concentrations of aluminum, arsenic, barium, copper, lead, magnesium, manganese, 
r* 

vanadium, 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. Copper and vanadium were both detected in only sample 04SW0401 at 

concentrations of 2.5 pg/L and 2 pgR, respectively. Zinc was detected in only sample 04SW0501 at a 

concentration of 20.5 pg/L. Aluminum and lead were detected in two of four samples. The maximum 

detected concentrations of aluminum and lead were found in sample 04SW0401 at concentrations of 

730 pg/L and 1.1 pg/L, respectively. Arsenic and manganese both were detected in all four samples. 

Maximum detected concentrations of arsenic (0.9 pg/L) and manganese (249 pg/L) were found in sample 

04SW0401. Barium and iron were also detected in all four samples. The maximum detected 

concentration of barium (344 pg/L) was found in sample 04SW0501, and the maximum detected 

concentration of iron (1 240 pg/L) was found in sample 04SW0301. 

The maximum detected concentrations of aluminum, arsenic, copper, lead, manganese, and vanadium . 

were found in sample 04SW0401. As shown in Figure 4-1 1, sample 04SW0401, which was the most 

downgradient surface water sample collected within SWMU 4, yielded detectable metals results that were 

only slightly higher but still similar to those found in all SWMU 4 surface water samples. 

Concentration of metals across SWMU 4 surface water were similar to the concentrations of metals in 
,a* 

sample 04SW0401, the sample most downgradient of SWMU 4, which contained only slightly greater 
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concentrations of these metals. These metals were also detected in surface soil, subsurface soil, and 

ground water samples at SWMU 4. 

The samples were also analyzed for dissolved metals. Aluminum, arsenic, barium, calcium, iron, 

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

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

(unfiltered) samples. Copper, lead, and vanadium, which were detected in the total (unfiltered) samples, 

were not detected in the dissolved (filtered) samples. 

Miscellaneous Parameters 

Cyanide was not detected in SWMU 4 surface water samples. The hardness of these samples ranged 

from 16 mg1L to 79 mgIL, and the total suspended solids ranged from 3 mg1L to 52 mglL. Sample 

04SW0401 possessed the maximum hardness value of 79 mg1L. Sample 04SW0501 possessed the 

maximum total suspended solids value, and it also contained elevated metals detections. 

4.4.5 Sediment 

As detailed in Table 4-1 and Section 4.2, 5 sediment samples 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), TOC, 

and cyanide. Sample 04SD010006 is the SWMU 4 upgradient sediment sample. 

Table 4-1 0 presents a summary of the positive results reported for compounds detected in the sediment 

samples collected from SWMU 4. Table 4-1 1 presents a summary of descriptive statistics for positive 

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

comparison to upgradient sample concentrations. Appendix E.l.l contains a copy of the entire analytical 

database for SWMU 4 sediment. Figure 4-12 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 (criterion110 for non-carcinogens), a flag (e.g., R9PRG) 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 "LIP 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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Volatile Organic Compounds 

Methylene chloride was the only VOC detected in these sediment' samples. Methylene chloride was 

detected in samples 04SD020006, 04SD030006, and 04SD050006 at concentrations of 5 pg/kg, 8 pglkg, 

and 4 pglkg, respectively. Methylene chloride was also detected at a concentration of 4 pglkg in sample 

04SD010006, which was collected upgradient of SWMU 4. This compound is considered a common 

laboratory contaminant, and the low concentrations (i.e., near the detection limit 5 pg/kg) found in these 

SWMU 4 sediments are similar to those concentrations commonly found in laboratory method blanks. 

Methylene chloride was also infrequently detected in surface and subsurface soil samples from SWMU 4. 

Semivolatile Organic Compounds 

Eleven PAHs were detected in sediment samples. Maximum detected concentrations of the 11 PAHs 

ranged from 14 pg/kg [dibenzo(a,h)anthracene] to 88 pg/kg (fluoranthene). The maximum detected 

concentrations of 10 of these 11 detected PAHs were found in sample 04SD020006. The only sample 

PAHs were not detected in was sample 04SD060006. However, PAHs were detected, in some 

combination, in all the remaining five sediment samples. Sample 04SD010006, which was collected in 

the most upgradient location at SWMU 4, contained concentrations of PAHs ranging from 20 pglkg 

(acenaphthylene) to 740 pglkg (fluoranthene). These upgradient concentrations of PAHs are one order of 

magnitude larger than those detected in all SWMU 4 sediment samples. This may indicate that the 

source of PAHs in sediment is upgradient of SWMU 4 and hence not attributable to disposal activities 

within SWMU 4. 

No pesticideIPCBs were detected in SWMU 4 sediment samples. 

Herbicides 

The herbicide pentachlorophenol was detected in SWMU 4 sediment. Pentachlorophenol was detected 

in sample 04SD060006 (2 pglkg). Pentachlorophenol was also detected in surface and subsurface soil 

samples but at greater concentrations than those found in sediment. Pentachlorophenol was not 

detected in the upgradient sediment sample. 
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Metals 

As per Table 4-10, 15 metals (aluminum, antimony, arsenic, barium, calcium, chromium, cobalt, copper, 

iron, lead, magnesium, manganese, nickel, vanadium, and zinc) were detected in these sediment 

samples. The maximum detected concentrations of all 15 of these metals were in excess of respective 

upgradient concentrations. Two of the detected metals (calcium and magnesium) are considered to be 

essential nutrients and will not be discussed any further. 

Antimony and calcium were the only metals that were detected in fewer than all five downgradient 

samples. Antimony was detected only in sample 04SD050006 at a concentration of 1.1 mglkg. The 

remaining analytes were detected in all five samples. Aluminum, arsenic, barium, chromium, cobalt, 

copper, iron, and vanadium each had maximum concentrations occurring in sample 04SD050006. The 

maximum detected concentration of lead (10.8 mglkg) was detected in sample 04SD020006. Nickel was 

also detected in all five samples. The maximum detected concentration of nickel (8.5 mglkg) was 

detected in sample 04SD030006. The maximum detected concentrations of manganese (456 mglkg) and 

zinc (65.5 mglkg) were detected in sample 04SD060006. 

The maximum detected concentrations of aluminum, antimony, arsenic, barium, chromium, cobalt, 

copper, iron, and vanadium were found in sample 04SD050006, all of which were in excess of upgradient 

concentrations. As shown in Figure 4-12, the concentrations of metals detected across SWMU 4 

sediment are similar. The concentrations of metals detected in sediment samples collected within SWMU 

4 (including the upgradient location) are within one order of magnitude of each other. These metals were 

also detected in surface soil, subsurface soil, and ground water samples at SWMU 4. 

Miscellaneous Parameters , 

Cyanide was not detected in these sediment samples. The TOC ranged from 5,800 mgkg 

(04SD050006) to 19,000 mglkg (04SD040006) in these sediment samples. 

4.4.6 Summary 

The VOCs, 1 , I  ,1-trichloroethane, acetone, methylene chloride, and xylenes, were detected in surface soil 

samples at SWMU 4. Xylenes, acetone, and methylene chloride were also detected in subsurface soil 

samples. In addition to these compounds, carbon disulfide, ethylbenzene, toluene, and 

trichlorofluoromethane were also detected in subsurface soil samples. In general, the concentrations of 

the VOCs detected in both surface and subsurface soil were low (i.e., less than 65 pglkg). None of the 

VOCs that are believed to be actual or potential site-related soil contaminants was present at 
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concentrations exceeding risk-based criteria (i.e., no flags on the tag maps). VOCs were not detected in 

ground water, surface water, or sediment at SWMU 4. There is no apparent pattern of VOC 

contamination with SWMU 4 media. Historical data discussed in the SWMUs 4, 5, 9, and 10 work plan 

also contained detectable concentrations of common laboratory VOC contaminants, acetone and 

methylene chloride in all samples, with a detection of just one other VOC (xylene) in surface soil (TtNUS, 

2000a). The xylene concentrations are less than risk-based limits for all data sets. Based on these 

observations, the VOC contamination is well bounded and is sufficient to support the planned risk 
'1 

assessments. The HHRA (Section 4.6.1) provides a discussion regarding VOCs selected as COPCs for 

SWMU 4. 

PAHs and phthalates were the only SVOCs detected in SMWU 4 media. Several PAHs and 

bis(2-ethylhexyl) phthalate were detected in both surface and subsurface soil; the subsurface soil 

samples yielded greater detectable concentrations of PAHs. However, the concentrations of PAHs and , 

bis(2-ethylhexyl) phthalate in surface and subsurface soil samples are within the same order of 

magnitude. Exceedances of risk-based criteria for these compounds (flags shown on tag maps, Figures 

4-6 and 4-8) are few and are well bounded in soils by samples that do not show exceedances of the 

criteria. Bis(2-ethylhexyl) phthalate was detected in a single ground water sample (04GWT0301) at a I)s.*. 

concentration of 2 pg1L. No other SVOCs were detected in ground water. Di-n-octyl phthalate was 

detected in a single surface water sample (04SW0501) at a concentration of 5 pg1L. No other SVOCs 

were detected in surface water. Several PAHs were detected in several sediment samples at low 

concentrations (i.e., less than 100 pglkg) in downgradient samples, yet the concentrations were greater in 

the upgradient samples. No other SVOCs were detected in sediment samples. It should also be noted 

that historical data discussed in the SWMUs 4, 5, 9, and 10 work plan (TtNUS, August 2000a) also 

contained detectable concentrations of phthalates. Some historical accounts of waste oil disposal on the 

sides of the roads suggests that the detected PAHs may not be site related. Based on these 

observations SVOCs including PAHs and phthalates are bounded well enough to support the planned risk 

assessments. The HHRA (Section 4.6.1) and the ERA, (Section 4.7.6), provide discussions regarding 

SVOCs selected as COPCs for SWMU 4. 

The pesticides, 4,4'-DDT and endosulfan I, were detected in surface soil samples. Delta-BHC and 

heptachlor epoxide were detected in subsurface soil samples. IVo other pesticides were detected in 

SWMU 4 soil. The concentrations of these pesticides were low (i.e., less than 10 pglkg) in all but one 

surface soil sample, 04SB050002, in which 4,4'-DDT was detected at 110 pglkg. Pesticides were not 

detected in SWMU 4 ground water, surface water, or sediment. Historical data discussed in the SWMUs 

4, 5, 9, and 10 work plan also contained detectable low concentrations of pesticides. Only delta-BHC at 
*a@ 

soil boring 04SB12 (sample 04SB120810) shows an exceedance of a risk-based criterion (Figure 4-8). 
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Samples showing detectable concentrations of pesticides are well bounded by samples with lesser 

concentrations and the bounding is sufficient to support the planned risk assessments. The HHRA 

(Section 4.6.1) and the ERA, (Section 4.7.6), provide discussions regarding pesticides selected as 

COPCs for SWMU 4. 

Aroclor 1254 was detected in subsurface soil sample 04SB020608 at a concentration of 2,100 pg/kg. No 

other Aroclors were detected in SWMU 4 soil, ground water, surface water, or sediment. The single 

Aroclor 1254 detection is well bounded laterally by sample locations exhibiting no detectable Aroclors. 

Historical data discussed in the SWMUs 4, 5, 9, and 10 work plan did not contain any soil detections of/ 

Aroclor 1254, but there were two detections of just this one Aroclor in ground water at low concentrations 

(less than 0.5 pg/L) in the historical data. The HHRA (Section 4.6.1) and the ERA, (Section 4.7.6), 

provide discussions regarding PCBs selected as COPCs for SWMU 4. 

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

and subsurface soil samples. Dinoseb was also detected in subsurface soil samples. With one 

exception, these compounds were detected infrequently and at generally low concentrations (i.e., less 

than 50 pg/kg). The exception was pentachlorophenol in two surface soil samples (04SB030002 and 

04SB050002) at concentrations of 120 pglkg and 220 pg/kg, respectively. Nevertheless, these two soil 

sampling locations are well bounded by samples of lesser pentachlorophenol concentrations. Herbicides 

were not detected in ground water, surface water, or sediment at SWMU 4. Historical data discussed in 

the SWMUs 4, 5, 9, and 10 risk assessment work plan (TtNUS, August 2000a) did not display any 

herbicide detections at SWMU 4. The greatest 2,4-D detection (soil boring 04SB10) is topographically 

higher than the rest of the SWMU suggesting that the 2,4-D will migrate toward the interior of the SMWU 

rather than away from the SWMU. The bounding of herbicides is sufficient to support the planned risk 

assessments. The HHRA (Section 4.6.1) and the ERA, (Section 4.7.6), provide discussions regarding 

herbicides selected as COPCs for SWMU 4. 

Numerous metals were detected in both surface and subsurface soil samples at SWMU 4. Of the metals 

detected in surface soil, concentrations of cadmium, calcium, copper, tin, and zinc were present at 

concentrations in excess of background concentrations. Calcium is an essential nutrient and therefore is 

not discussed further. One soil location, 04SS01, had the greatest concentrations of barium (1 5,600 in 

sample 04SS0002). Only surface soil was sampled at this location and the field duplicate at this location 

had just 62.7 mg/kg of barium. Soil location 04SB02 also had a high concentration of barium in the 

surface (1 520 mg/kg). Sampling location 04SB10 is on the perimeter of the sampling pattern and metal 

contaminants, barium, copper, and zinc are not bounded toward the south of SWMU 4 relative to 

background concentrations near soil boring 04SB10. Each of these metals also exceeds at least one 
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risk-based criterion at this location (see Figure 4-7). Any further delineation of surface soil metal 

contamination, if necessary, should be confined to this area to the south of SWMU 5, especially near soil 

boring 04SB10. 

The majority of the metals detected in subsurface soil samples were present at concentrations in excess 

of background concentrations. However, the apparent background exceedances are due in part to 

having only one background value for Soil Group 9 (applicable only to subsurface soil samples). When 

the concentration of any SWMU 4 subsurface metal exceeded this sole background concentration for Soil 

Group 9 samples (See Table 4-4), the metal concentrations at all Soil Group 9 locations were plotted with 

a "BACK" flag on Figure 4-9 signifying that the affected metal exceeds background for that soil group. 

Because the site data set had up to nine detectable concentrations for each metal the site data were 

almost sure to appear to exceed the single-valued Soil Group 9 background data set, even if the site was 

not contaminated. Therefore, site Soil Group 9 results were also compared to background data for Soil 

Group 2 because Soil Group 2 samples were also found at SWMU 4. The Soil Group 2 background data 

set has 13 values. Data for the background soil groups are provided in Tables 3-1 8 and 3-24. When the 

site data are compared to the background data set for subsurface soils at SWMU 4, Soil Group 2, all 

SWMU 4 subsurface metals concentrations appear to fall within the range of NSWC Crane background - 
concentrations at most locations. Soil Group 2 and Soil Group 9 site samples also exhibit similar 

concentrations of subsurface soil metals. The exceptions are listed below with the Soil Group 2 

background data upper tolerance limit (UTL) for each metal: 

Arsenic in sample 04SB120810 (1 1.6 mgkg) (UTL = 8.57 mglkg) 

Barium in sample 04SB100608 (1 41 0 mglkg), and 04SB110810 (1 29 mglkg) (UTL = 126 mglkg) 

Chromium in sample 04SB020608 (1 38 mglkg) (UTL = 32.3 mglkg) 

Copper in samples 04SB030406 (33.4 mglkg), 04SB040608 (26.4 mglkg), and 04SB020608 

(79.4 mglkg) (Lll-L = 21.0 mgkg) 

Iron in sample 04SB020608 (1 44,000 mgkg) (UTL = 33,500 mglkg) 

Lead in samples 04SB030406 (63 mglkg), 04SB040608 (53.3 mgkg), 04SB050204 (54.1 mgkg), 

and 04SB020608 (15.1 mglkg) (UTL = 13.6 mglkg) 
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Manganese in samples 04SB010204 (2,000 mglkg), 04SB020608 (1 580 mglkg) (UTL = 1,100 mglkg) 

Nickel in samples 04SB120810 (23.3 mgkg), 04SB050204 (22.7 mglkg), and 04SB020608 

(1 1 1 mglkg) (UTL = 16.5 mglkg) 

Selenium in samples 04SB020608 (1.7 mglkg), and 04SB080810 (2.1 mglkg) (no detections of 

selenium in background for Soil Group 2). 

Zinc in most samples, especially 04SB030406 (122 mgkg), and 04SB040608 (98.7 mglkg) (UTL = 

54.6 mglkg) 

The 95 percent UTL separates the greatest 5 percent of the data values in a population from the 

remainder of the values, and thus represents an upper end of the data distribution. If the site is 

uncontaminated, 95 percent of the measured site concentrations would be expected to be less than the 

95 LlTL with 95 percent confidence. If the site is contaminated, more than five percent of the results 

should exceed the UTL. 

Because there are few metal background exceedances in surface soil and because there are few metals 

in subsurface soil that exceed the Soil Group 2 background concentrations, it is doubtful that the 

observed metals concentrations reflect any significant metal contamination at SMWU 4 with the possible 

exception of the metals listed above at the indicated locations. Even in those cases, the magnitude of the 

contamination generally appears to be slight, as can be seen by the few locations that exhibit the 

elevated concentrations and by the fact that many UTL exceedances shown above are not extreme 

exceedances. All of the observed subsurface soil metals concentrations, including those listed above, 

are well within published typical soil concentrations (Dragun 1988), with few exceptions. Lead was the 

significant exception with concentrations in three samples 04SB030406 (63 mglkg), 04SB040608 

(53.3 mglkg), and 04SB050204 (54.1 mglkg) being elevated. 'These samples are at the eastern edge of 

the soil sampling pattern. Most historical lead concentrations ranged from 10 to 30 mglkg, even at nearby 

sampling locations 04/02-04 and 04/02-07, which had concentrations of approximately 15 mg/kg lead in 

1990. Repeat sampling of locations 04/02-02 and 04102-1A in 1990 yielded results for "replicate" 

samples that ranged from 12.8 to 75.6 mglkg (location 04/02-02) and 15.9 to 133 mg/kg (location 

04102-1A). All of these results demonstrate the heterogeneous nature of the lead contamination. 

Relative to background concentrations for subsurface soil Soil Group 2, the following can be said about 

the bounding of the exceptions listed above. The arsenic contamination is unbounded in a northerly 

direction at sampling location 04SB12, but it is only 35 percent greater than the background subsurface 
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Soil Group 2 UTL and slightly greater than other arsenic detections. All other detections of arsenic 

appear to fall within expectations for background even though many detections of this chemical exceed 

subsurface soil risk-based criteria (Figure 4-9). Barium contamination is unbounded at the southern edge 

of the SWMU near sampling locations 04SB10 (surface and subsurface). Additional sampling to further 

delineate barium contamination may warrant consideration, but is not crucial to the attainment of project 

objectives. Recall that surface soil location 04SS01 had the greatest barium concentration 

(15,600 mglkg) and the field duplicate of this sample yielded a barium concentration of 62.7 mgtkg. All 

barium concentrations in soil were less than 80 mgkg, except in five samples that were associated with 

just three locations (04SS01, 04SB10, and 04SB11). Copper and lead contamination in subsurface soil is 

generally associated with the eastern half of the SMWU and is not bounded to the east, although lead 

contamination is patchy. Neither the copper nor the lead concentrations exceed risk-based criteria at any 

location. Chromium contamination is well bounded in all directions by samples comparable to 

background concentrations in the subsurface. Manganese contamination follows a northwest-to- 

southeast line through the center of the SMWU and is unbounded to the southeast, although 

concentrations decrease to the northwest and southeast from the SMWU center. Manganese 

concentrations do not exceed risk-based criteria (no flags on Figure 4-9) at any location. Nickel 

contamination is also greatest in the SWMU center with concentrations decreasing to background P- 

concentrations toward the SWMU perimeter, although the nickel concentrations exceed the risk-based 

DAF1 criterion at several locations (see Figure 4-9). Selenium was detected infrequently at widely 

separated locations and at low concentrations and is not viewed to be a significant concern; therefore, it 

is not discussed further. Zinc contamination is scattered across the SWMU at concentrations 

approximating 50 mglkg except in the eastern half of the SWMU where concentrations approach or 

exceed 100 mgkg. The zinc contamination is not bounded in an easterly direction by samples of lesser 

concentrations, however, the observed zinc concentrations do not exceed risk-based criteria. Based on a 

review of sediment data for samples collected around the perimeter of the soil sampling pattern, there 

appears to be no lead contamination migrating in overland runoff. Sediment contamination is discussed 

in further detail below. 

Compared with metals detections in soil, fewer metals were detected in ground water samples and even 

fewer were detected in filtered ground water samples. Aluminum, arsenic, barium, calcium, cobalt, iron, 

magnesium, manganese, selenium, and sodium were present in excess of upgradient concentrations. 

The essential nutrients, calcium, magnesium, and sodium are not discussed further. The only detectable 

ground water aluminum concentration was at well 04T02, which is located at a point that is upgradient or 

side-gradient to SMWU 04, therefore aluminum is not discussed further. The greatest ground water 

barium concentration (147 pg/L) was detected northeast of the SWMU. While this barium concentration r s a  

exceeds the upgradient concentration, it may not be site-related contamination even though ground water 
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flows away from the SMWU in this direction. Based on ground water flow this ground water barium 

contamination is unbounded in the downgradient direction, however, the observed concentrations are 

within the range of 10 to 500 pgIL, which is typical of ground water throughout the United States (Dragun, 

1988). The greatest historical barium concentration was 279 pgIL in well 04-04. Further delineation of 

barium concentrations in excess of upgradient concentrations does not appear to be warranted, Cobalt in 

ground water is unbounded in the downgradient direction but the single detection of cobalt casts doubt as 

to whether this chemical is actually a site contaminant, especially given that soil cobalt concentrations are 

within the expected ranges for background soils. The greatest arsenic and iron concentrations (1.3 and 

33,300 pgIL, respectively) were observed in well 01T03. This well is downgradient of the SMWU and 

appears to reflect iron contamination from the SMWU. This is notable because the sample 04SB020608 

iron concentration was 144,000 mglkg and appears to exceed normal local soil iron concentrations. 

There are no wells directly between this soil sampling location and well 04T03. However, wells 04-05 and 

04-06 lie within 150 feet north and south, respectively, of a straight line drawn between sampling location 

04SB02 and well 04T03. These two wells are screened at the same elevation (top of screen = 560 amsl), 

which is approximately 10 feet higher than the screen for well 04T03. The historical data show that well 

04-05 had an iron concentration approaching or exceeding 30,000 pg/L in four of five sampling rounds 

from 1982 to 1983. Well 04-06 had iron concentrations less than 300 pg/L in the early 1980s and these 

results suggest that the iron contamination is unbounded in a downgradient direction. It is doubtful that 

the arsenic contamination reflects site contamination because soil arsenic concentrations were similar to 

background concentrations. The ground water manganese concentrations appear to reflect site 

contamination and the manganese contamination in ground water is unbounded in the downgradient 

direction. Selenium contamination was detected in two wells (04-02 and 04-06) but is bounded in the 

downgradient direction by non-detectable concentrations. Whether additional bounding of ground water 

contamination is warranted should be considered during a CMS for SMWU 4. Sources of ground water 

iron contamination outside the current well field are not expected. 

Aluminum, arsenic, barium, copper, lead, magnesium, manganese, vanadium, and zinc were detected in 

surface water samples at concentrations in excess of upgradient concentrations. Magnesium is an 

essential nutrient and is not discussed further. Maximum detected concentrations of aluminum, arsenic, 

copper, lead, manganese and vanadium occurred at the most downgradient sampling location, 

04SWlSD04. This location is a marshy area that does not drain through other surface conduits, hence 

these contaminants are bounded physically by the topography. Furthermore, for metals detected in both 

upgradient and downgradient locations, concentrations at downgradient locations, were less than two 

times greater than the upgradient concentrations, except for aluminum. Of these, only arsenic, iron, and 

manganese exceeded a risk-based concentration at all locations and aluminum did so at one 

downgradient location (04SWlSD04). No further delineation of metals in surface water is warranted 
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based on the observed concentrations because the detected contaminants are bounded physically, if not 

regard to level of concentration, or the observed concentrations are only marginally elevated relative to 

upgradient concentrations. 

All of the metals detected in SWMU 4 sediment exceed the upgradient location at one or more sampling 

locations. Antimony was detected in only one sample (04SD050006) and is not discussed further for this 

reason and because its concentration was low (1.1 mglkg). The maximum concentrations of most metals 

occurred at location 04SWlSD05. This sampling location is closest to the SWMU of all locations on the 

south side of the SWMU. There is a consistent decreasing concentration trend of metals in the drainage 

south of SWMU 5 which runs east to west, looping northward to the pooling area northeast of SWMU 5. 

The terminal sampling location, 04SWlSD04, yielded relatively low concentrations of metals. These 

concentrations are comparable to the upgradient concentrations in many cases, although some metal 

concentrations do exceed the upgradient concentrations (See Figure 4-7). Sediment concentrations to 

the north of SWMU 5 are comparable to the lesser concentrations south of the SWMU. Thus, metals are 

well bounded in sediments and there is no need to further delineate the sediment contamination. 

As stated in earlier subsections, metals were detected in all sampled media and there are few discernable - 
contamination patterns. However, except as stated above, the contamination is delineated well enough 

to support a risk assessment and even the exceptions are probably not severe enough to prevent a risk 

assessment although they introduce some additional uncertainties. Metals detections generally do not 

coincide with significant VOC, pesticide, or herbicide detections. The HHRA (Section 4.6.1) and the ERA, 

(Section 4.7.6), provide discussions regarding metals selected as COPCs for SWMU 4. 

4.5 CONTAMINANT FATE AND TRANSPORT 

This section presents a brief overview of contaminant fate and transport issues at McComish Gorge. This 

discussion focuses on some of the major types of contaminants found at the site. 

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 disposal of garbage, trash, and debris in 

a gorge at the site). 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. -Y 
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The following classes of chemicals were detected in the media of concern at SWMU 4. 

Soil - VOCs, PAHs, PCBs, pesticides, herbicides, metals 

Ground water - Metals, SVOCs 

Surface Water - Metals, SVOCs 

Sediment - PAHs, herbicides (pentachlorophenol), metals, VOCs 

Fate and transport characteristics of these chemicals are briefly discussed in the following sections. 

4.5.1 Volatile Orqanic 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 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 as volatilization, have resulted in their disappearance. 

VOCs were detected infrequently in soil samples at SWMU 4 (most were detected in one of 26 

surface/subsurface soil 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. 

4.5.2 Polvcvclic 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 to 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 bind to soil and sediment. 
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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 4 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 

and sediment and their low solubility in water. 

4.5.4 Polychlorinated Biphenvls (PCBs) 

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. 

There is no indication of free product (the concentration is only 2,100 pglkg) that would move vertically via 

gravity flow. Instead the observed concentration is consistent with soil contamination which is not likely to 

move deeper in the soil column. Any vertical migration downward is likely to reduce any risk associated 

with Aroclor-1254. The low frequency of detection at which Aroclor-1254 was detected does not warrant 

further investigation. 

4.5.5 lnorqanics 

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 (>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 

sample 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 
*1)4 

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 

4.5.6 Phthalates 

Phthalates are considered to be relatively persistent chemicals in the environment. Although numerous 

studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is a slow 

process in both soils and surface waters. Certain microorganisms have been shown to excrete products 

that increase the solubility of phthalate esters and enhance their biodegradation. 

Biodegradation of bis(2-ethylhexyl) phthalate and di-n-butyl phthalate in water is an important fate 

mechanism. However, hydrolysis of bis(2-ethylhexyl) phthlate is very slow, with a calculated half-life of 

2000 years. In soil, microorganisms appear to be capable of degrading di-n-butyl phthalate rapidly. 

Bioaccumulation is also a significant fate process. Photolysis and volatilization are considered to be 

insignificant degradation mechanisms. 

4.6 HUMAN HEALTH RISK ASSESSMENT 

This section presents the results of the human health risk assessment for SWMU 4. 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. 

4.6.1 Selection of Chemicals of Potential Concern 

A medium-specific discussion of the chemicals selected as COPCs for SWMU 4 is provided in this 

section. 

4.6.1.1 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 4-12 and 4-13 for 

surface soil and in Tables 4-1 4 and 4-1 5 for subsurface soil. 
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COPC Selection for Surface Soil 

Fourteen surface soil samples were collected at SWMU 4 from a depth of 0 to 2 feet bgs. Two soil 

samples were collected at locations (04SS01 and 04SS02) where surface debris is present to assess the 

potential risks associated with residual soil contamination. Twelve samples were collected based on the 

results of geophysical surveys to assess the potential risks associated with residual soil contamination 

and to identify site boundaries resulting from waste disposal. The following chemicals were retained as 

COPCs for surface soil: 

Methylene chloride 

PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(l,2,3-cd)pyrene 

Pentachlorophenol 

Inorganics - cadmium, cyanide 

COPC Selection for Surface/Subsurface Soil 

Twenty-six surface/subsurface soil samples were collected at SWMU 4 from depths of 2 to 10 feet bgs. 

Twelve subsurface soil samples were collocated with the surface soil samples discussed above. The 

other subsurface samples were collected at locations where geophysical anomalies were observed and to 

define the boundaries of the site. The following chemicals were retained as COPCs for 

surface/subsurface soil: 

Methylene chloride 

PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(l,2,3-cd)pyrene 

delta-BHC 

Pentachlorophenol 

Aroclor 1254 

lnorganics - antimony, arsenic, barium, cadmium, chromium, iron, manganese, mercury, nickel, 

selenium, cyanide 

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 levels for direct contact and migration to ground water, 

and representative basewide background concentrations). The m'aximum concentrations were also #-  ~i 

compared to U.S. EPA SSLs for migration from soil to air (inhalation). As shown in Tables 4-13 and 4-1 5, 
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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, antimony, arsenic, 

barium, chromium (total), iron, manganese, mercury, and nickel 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. 

Miaration from Soil to Ground Water 

As indicated in Tables 4-12, 4-13, 4-14, and 4-15, 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 [methylene chloride, delta-BHC (using 

alpha-BHC as a surrogate), pentachlorophenol, mercury, nickel, and selenium] 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. None of the organic chemicals detected in soil at SWMU 4 that exceeded SSLs for migration 

from soil to ground water were detected in ground water samples collected at the site. Of the inorganics 

that exceeded migration to ground water SSLs, only selenium was detected in ground water (in two of 

eight samples) at concentrations much less than risk-based ground water screening levels. Note that 

selenium was detected in only two of 26 soil samples. 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 4 is provided in Section 4.6.1.2. 

4.6.1.2 Ground Water 

Table 4-16 presents details of the COPC selection process for ground water. The COPC selection for 

ground water at SWMU 4 is based on analytical data for unfiltered ground water samples collected from 

monitoring wells installed at the site. One well, 04GW0101, located on the western side of the site 

upgradient of the disposal limits was used as the upgradient well for COPC selection in ground water. It 

should be noted that, as originally stated in the RFI Work Plan, monitoring well 04T01 was intended to be 

used as the upgradient well. However, well 04-01 was determined to be a more suitable upgradient 
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monitoring well based upon the ground water flow directions as depicted on the potentiometric surface 

map (Figure 4-5). The following chemicals were retained as COPCs in ground water: 

Inorganics - aluminum, arsenic, iron, 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 Secondary Maximum Contaminant Levels (SMCLs), and 

IDEM residential default closure levels for ground water]. One fittered sample (04GWT0201-F) was 

collected at the site and information provided by this sample indicates that the presence of turbidity in the 

unfiltered sample may have affected the analytical results. For example, aluminum was detected in the 

unfiltered sample at a concentration of 51 3 pg/L but was not detected in the filtered sample. Manganese 

was not detected in the filtered sample and the concentrations of iron were much lower in the filtered 

sample than the concentrations in the unfiltered samples. This suggests that the metal concentrations 

are 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. "--"a 

4.6.1.3 Surface Water 

Table 4-17 summarizes the COPC selection process for surface water at SWMU 4. Four surface water 

samples were collected to assess potential risks associated with ground water discharge and surface 

runoff. Two samples were collected in Culpepper Branch Creek, one sample (04SW0401) was collected 

from the marshlwet area in the eastern portion of the site, and one sample (04SW0501) was collected 

from an unnamed tributary in the eastern portion. One sample, 04SW0101, located on the western side 

of the site, was used as the upgradient location for COPC selection. Four filtered samples were also 

collected from the surface water locations. A comparison of the concentrations in the filtered and 

unfiltered samples shows that there is not a 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: 

Inorganics - aluminum, arsenic, barium, 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 
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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 day1350 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 water. Only one constituent, iron, was eliminated as a COPC on the basis of 

background. It should be noted that maximum site concentrations of aluminum, arsenic, barium, and 

manganese were only slightly greater than the concentrations in the upgradient sample and that the 

concentrations of these metals in the other samples were generally lower than the concentrations in the 

upgradient sample. It is therefore likely that the concentrations of these metals are naturally occurring at 

the site. 

4.6.1.4 Sediment 

Table 4-18 summarizes the COPC selection process for sediment at SWMU 4. Five sediment samples 

were collected during the investigation. Four samples were collocated with the surface water samples 

and one sample (04SD060006) was collected from an unnamed tributary in the southern portion of the 

site. The following chemicals were retained as COPCs in sediment: 

Inorganics - arsenic, iron, 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 andlor IDEM Default Closure Levels for 

direct contact, and concentrations in the upgradient sample (04SD010006). 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. Note that 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. 
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4.6.2 Exposure Assessment 

This section presents the exposure assessment for SWMU 4. 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. 

Conceptual Site Model - SWMU 4 

The CSM for McComish Gorge, which defines the contaminant source, transport mechanisms, exposure 

routes, and potential receptors for the site, is presented as Figure 4-1 3. 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 disposal of garbage, trash, and debris in a gorge at the site). 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 McComish Gorge is expected to be limited. The site is currently 
*-bb 

inactive and no waste disposal activities occur at McComish Gorge under current land use. 

Based on the general scenarios and receptor classes identified in Section 3.3, the following potential 

receptors may be exposed to contaminated media at the site: 

Trespassers faqes 6 to 17 vears) - 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. Since the site is near a forested area, hunters may trespass onto the site. 

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 

anisediment in Culpepper Branch Creek is not expected to occur. 

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 3 feet bgs) raq 

and the nature of the site (dumpsite) would likely preclude development of the area. However, a 
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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. Development of the site would be unlikely 

because of 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 decision-making purposes. For example, 

the need for land use controls at a site may be eliminated, prior to site closure, if minimal risks are 

estimated for residential receptors. 

Table 4-19 presents a summary of the potentially complete and incomplete exposure pathways for 

potential receptors at SWMU 4. 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 assessment. 

As indicated in Section 3.3.3, the following exposure pathways are evaluated in the human health risk for 

SWMU 4. 

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 4-13 (surface soil) and Table 4-15 

(surface/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. In regard to 
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inhalation of volatiles in ground water, no volatile organics were identified as COPCs in ground water for 

SWMU 4. Therefore, the inhalation while showering pathway was not evaluated. 

95% UCLs were used as the EPCs for exposure to surface and subsurface soil, and maximum detected 

concentrations were used as EPCs for ground water, 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 4 are presented in Table 4-20. 

4.6.3 Risk Characterization 

This section contains a summary of the human health risk assessment for SWMU 4. Uncertainties 

associated with the risk estimates are discussed in Section 4.6.4. 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 4-21 and 4-22, respectively. The RAGS Part D Table 9s in Appendix G.3 provide the chemical- w**, 

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. 

Noncarcinoaenic Risks - RME 

Cumulative HIS for the construction worker, maintenance worker, adult recreational user, and adolescent 

trespasser under the RME scenario are less than unity (I), 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 4.7 and 16, respectively. These elevated risks 

result from exposure to arsenic (adult HI = 0.33, child HI = 1.2), iron (adult HI = 1.5, child HI = 5.3), and 

manganese (adult HI = 2.6, child HI = 8.9) in ground water, primarily by ingestion. 

The HIS calculated for residential exposure to ground water are subject to the following sources of 

uncertainty: 
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As discussed previously, the risk estimates are based on analytical results for unfiltered ground water 

samples. Based on the one filtered sample (04GWT0201-F) collected at the site, the presence of 

particulate matter in the unfiltered samples may have affected the analytical results. For example, 

aluminum was detected in the unfiltered sample at a concentration of 513 pg/L but was not detected 

in the filtered sample. Manganese was not detected in the filtered sample and the concentration of 

iron in the filtered sample was much lower than concentrations in the unfiltered sample. This 

suggests that the metal concentrations may be elevated because of suspended particulate matter in 

the samples. 

There is unceoainty associated with the toxicity criteria used to estimate potential risks from iron. The 

National Center for Environmental Assessment (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 RfD is not based on adverse health effects, the risk associated with iron is 

likely to be overestimated. 

Arsenic was detected in seven of eight ground water samples with a maximum concentration of 

3.6 pg/L This concentration is less than the current MCL for arsenic (50 pg/L) and the recently 

proposed MCL (10 pg/L). In addition, the concentrations of arsenic in most ground water samples 

were less than or slightly exceeded the concentration in the upgradient well and it is likely that the 

concentrations of arsenic in ground water at the site are within naturally occurring levels. 

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 ever be located at this site. Therefore, 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 other media at the site are minimal for all receptors (i.e., HIS are 

less than unity). 

Carcinoclenic Risks 

Cumulative ILCRs for the construction worker, maintenance worker, adult recreational user, and 

adolescent trespasser are within the U.S. EPA target risk range, 1x10'~ to 1x10'~. The total residential 

ILCR (adult + child) is 1.7~1 04, which slightly exceeds the target risk range. 
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As shown in the RAGS Part D tables located in Appendix G.3, the elevated carcinogenic risks for residents 

are primarily a result of exposure to arsenic in ground water (by ingestion) and, to a lesser extent, PAHs in 

surface soil. Arsenic in ground water accounts for approximately 56 percent of the total carcinogenic risk, 

and PAHs in surface soil account for 35 percent of the risk. As indicated above, risks from arsenic in ground 

water are subject to various uncertainties, especially the fact that the concentrations of arsenic in site 

samples may be within naturally occurring levels, In addition, carcinogenic risks from exposure to arsenic 

may be overestimated based on the body's ability to metabolize arsenic (see Section 4.6.4.5). If arsenic 

were not selected as a COPC, potential carcinogenic risks to hypothetical future residents would be within 

the U.S. EPA's target risk range. The risks from PAHs are based on the assumption of future residential 

contact with surface soil. Risks from PAHs in soil for all potential receptors are within U.S. EPA's target 

risk range. In addition, concentrations of PAHs in soil are similar to typical anthropogenic background 

levels found in the U.S. For example, the concentrations of benzo(b)fluoranthene (detected in 5 of 26 

samples) in soil at SWMU 4 ranged from 0.016 to 6.7 mglkg and the concentrations of this PAH detected 

in urban soil at the United States ranged from 15 to 62 mg/kg (ATSDR, 1997). 

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 4.6.4. 

4.6.3.1 C'TE 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 4-22. 

Cumulative HIS for the construction worker, maintenance worker, adult recreational user, and adolescent 

trespasser under the CTE scenario are less than unity (I), 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 residents are 3.1 and 7.0 

respectively. These elevated risks result from exposure to iron and manganese in ground water, primarily 

by ingestion. 

Cumulative ILCRs for the maintenance worker, adult recreational user, and adolescent trespasser are 

less than the U.S. EPA target risk range, 1x10" to 1x10-~, and ILCRs for the future construction worker ~ " 4  

and future residents (adult + child) were within the target risk range. 
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4.6.3.2 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: At, As, Ba, Fe, Mn. 

Subsurface soils eliminated on the basis of background: Al. 

Ground water: None. 

Surface water: Fe. 

Sediment: None. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Backuround Comparison. 

Aluminum, arsenic, barium, iron, and manganese were detected in soils andlor 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. 

The PRGs presented for aluminum, barium, 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-eighth the relevant residential PRG, 

and one-tenth 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- 

Parameter 

Aluminum 

Arsenic 

Barium 

Iron 

Manganese 
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Surface Soil 
Concentration 
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9,980 

7.3 

15,600 

20,800 

61 1 

Subsurface 
Soil 

Concentration 
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67,000 
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cancer effects. The maximum detected concentration of barium is approximately three times the relevant 

residential PRG, and one-fourth the relevant industrial PRG. The maximum detected concentration of 

manganese is approximately one-third the relevant residential PRG, and one-thirty-first 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-~ (one-in-one- 

million) cancer risk level (the values are the COPC screening levels used in this HHRA). PRGs 

representing the 1 x1 o - ~  and 1 x1 o - ~  cancer risk levels would be 10 and 100 times the values presented for 

the 1 x10-~ cancer risk level. Consequently, the maximum detected concentration of arsenic exceeds the 

1 x10-~ and 1 x10-~ cancer risk levels, but not the1 x104 risk level. Additionally, with the exception of 

barium, the metals concentrations reported in the soils and sediments are within the background range 

reported in the literature. 

lron was detected in surface water at a concentration exceeding the conservative screening levels 

established for COPC selection but was not selected as a COPC because the study area concentration 

did not exceed the background concentration. The following table provides a qualitative risk evaluation of 

this metal by comparing the maximum detected concentration to the EPA Region 9 PRG for tap water a.' 

and the Federal SDWA MCL: 

1) Secondary (aesthetic-based) MCLs are presented for iron . 

Parameter 

Iron 

The PRG for iron is 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 water and surface water. In 

general, the use of tap water screening levels is regarded as a highly conservative approach to COPC 

selection for surface water. Potential human exposure to surface water at SWMU 4 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 risk from exposure to iron in surface water was calculated 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 unity. As noted above, the PRG 
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for iron is a very conservative risk-based concentration because it is actually based on a recommended 

daily intake for iron. Based on this discussion, the results and conclusions of the risk assessment are not 

affected by the elimination of iron from the quantitative risk assessment for surface water. 

4.6.4 Uncertaintv Analvsis 

A summary of the uncertainties specific to the human health risk screening for SWMU 4 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. 

4.6.4.1 Uncertainty in the Analytical Data 

The databases for ground water, surface water, and sediment at SWMU 4 contain fewer than 10 

samples. However, the field sampling program for SWMU 4 was biased toward the areas most likely to 

demonstrate contamination (e.g., observed surface debris, PID readings, and areas of geophysical 

anomalies). 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 and in the exposure point concentrations 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. 

4.6.4.2 Uncertainty Associated with COPC 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 dilution and attenuation factor (DAF) of 1. However, U.S. EPA's Soil Screening Guidance (US. EPA, 

1996) 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 (i.e., 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 acre 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 a 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 by 

a DAF of 1 were minimal. 

COPCs for ground water were selected based on the analytical results from unfiltered ground water 

samples. However, data from the one filtered sample collected at the site indicate that turbidity in the 
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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 used for sediment. This assumes that the surface water is used as a drinking source (i.e., 

potential receptors ingest 2 liters of water per day1350 days a year) and potential receptors are exposed 

to sediment on a daily basis (i.e., 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. 

4.6.4.3 Uncertainty Associated with the Use of Background 

Aluminum, antimony, arsenic, barium, chromium (total), iron, manganese, mercury, and nickel in surface 

soil and aluminum in surface/subsurface soil were eliminated from the list of COPCs for SWMU 4 
"' -, 

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 4. 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 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 4. 

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 to the concentration in the sample from the upgradient location. This 

method of screening inorganic compounds may result in the 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. This is especially important in the case of arsenic 

in ground water, which is the primary risk driver in the risk assessment. Arsenic was detected in seven of 

eight ground water samples with a maximum concentration of 3.6 pg/L, but the concentrations of arsenic 

in most ground water samples were less than or slightly greater than the concentration in the upgradient 
1 
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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 for all receptors 

would be within the U.S. EPA's target range. 

4.6.4.4 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 McComish Gorge is the assumption of future residential use of the site. 

As stated previously, development of the site would be unlikely because of the shallow depth to ground 

water 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 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; ground water at the site is not used and is not expected to be used as a source of potable 

water. 

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 

soil are not evaluated for volatiles and most metals in this risk assessment. Consequently, risks from 

exposure to soil may be underestimated. 

4.6.4.5 Uncertainty in the Toxicity Criteria 

Aluminum andlor iron were identified as COPCs for ground water, surface water, and sediment at SWMU 

4. There is uncertainty associated with the toxicity criteria used to estimate potential risks for these 

chemicals. 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 mglkglday. 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 mglkglday. Consequently, risks calculated for the child resident for exposure to 

iron may be overestimated by a factor of 1.8 (1.110.6). 
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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 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 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 pglday. The maximum detected concentration of 

arsenic in ground water at the site is 3.6 pgIL. Assuming a water ingestion rate of 2 liters per day, 

exposure to this concentration corresponds to an approximate intake of 5.2 pgtday 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. 

4.6.5 Summary and Conclusions 

This section summarizes the results of the human health risk assessment performed for SWMU 4. A brief 

summary of the information contained in the human health risk assessment is provided., Table 4-23 

contains a summary of conclusions. 

McComish Gorge was used as a dumpsite for an unknown period of time between 1942 and 1972. 

Unknown amounts and types of garbage and trash, such as construction debris, office trash, plaster-filled 

warheads, and metal shavings, were buried in a gorge at the site. Reportedly, small arms ammunition 

may also have been buried at the site. Currently, the site is inactive (i.e., not used for waste disposal 

activities) and has been revegetated. 

The baseline human health risk assessment for SWMU 4 was performed to characterize the potential 

risks to likely human receptors under current and potential 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). 

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 these receptors is based on the assumption that various site conditions and land use may @ ,*. 

change in the future. 
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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. lnhalation 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. lnhalation of volatiles from surface water 

and sediment was considered 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 not evaluated for SWMU 4 because no volatile organics were identified as COPCs 

in ground water. 

The list of COPCs for SWMU 4 includes the following: 

Surface soil - methylene chloride, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

indeno(l,2,3-cd)pyrene, pentachlorophenol, cadmium, cyanide. 

Surface/Subsurface soil - methylene chloride, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, indeno(l,2,3-cd)pyrene, delta-BHC, pentachlorophenol, Aroclor 1254, antimony, 

arsenic, barium, cadmium, chromium, iron, manganese, mercury, nickel, selenium, cyanide. 

Ground water - aluminum, arsenic, iron, manganese. 

Surface Water - aluminum, arsenic, barium, manganese. 

Sediment - arsenic, iron, manganese. 

Quantitative estimates of noncarcinogenic and carcinogenic risks (Hls and ILCRs, respectively) were 

developed for potential human receptors. Risk estimates were minimal (i.e., HIS less than unity and ILCRs 

within the U.S. EPA target risk range) for construction workers, maintenance workers, adult recreational 

users, and adolescent trespassers. Risks greater than benchmarks 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 residents (adult + child) exceeded 1.0x10~, the upper limit of the U.S. EPA 

target risk range. 

The elevated HIS were attributable to exposure to arsenic, iron, and manganese in ground water, 

primarily by ingestion. The elevated lLCRs were the result of exposure to arsenic in ground water. 
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However, there were significant uncertainties associated with the risks calculated for residential exposure to 

ground water at SWMU 4: 

The risks estimated for exposure to ground water are based on analytical results for unfiltered ground 

water samples. Based on the one filtered sample (04GWT0201-F) collected at the site, the presence 

of particulate matter in the unfiltered samples may have affected the analytical results. For example, 

aluminum was detected in the unfiltered sample at a concentration of 513 pg/L but was not detected 

in the filtered sample. Manganese was not detected in the filtered sample, and the concentration of 

iron in the filtered sample was much lower than concentrations in the unfiltered samples. This 

suggests that the metal concentrations may be elevated because of suspended particulate matter in 

the samples. 

The database for ground water at SWMU 4 consists of fewer than 10 samples. Therefore, maximum 

concentrations are used as exposure point concentrations for arsenic, iron, and manganese. This 

may result in an overestimation of risks because it assumes that future residents would be exposed to 

the maximum concentrations almost every day for 30 years. 

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 RfD is not based on 

adverse health effects, the risks associated with iron are likely to be overestimated. 

Arsenic was detected in seven of eight ground water samples with a maximum concentration of 

3.6 pg/L. This concentration is less than the current MCL for arsenic (50 pg/L) and the recently 

proposed MCL (10 pg/L). In addition, the concentrations of arsenic in most ground water samples 

were less than or slightly exceeded the concentration in the upgradient well and it is likely that the 

concentrations of arsenic in ground water at the site are within naturally occurring levels. 

The carcinogenic risks from exposure to arsenic may be overestimated based on the body's ability to 

metabolize arsenic. 

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. 
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In summary, for SWMU 4, 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 arsenic, iron, and manganese in ground water. However, significant 

uncertainties were associated with the calculated risks, especially for arsenic, which is probably within 

naturally occurring background levels. 

4.7 ECOLOGICAL RISK ASSESSMENT 

4.7.1 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 4, McComish Gorge, consists of an approximately 5-acre area with two distinct stands of mixed 

hardwood forests. The first stand is of average to good quality consisting of heavily vined areas with 

some patches of poplar trees (Populus spp.). 'The second stand of fair to good quality is mostly poplars 

with a maple understory. Other tree species in these areas include white ash (Fraxinus americana), 

American beech (Fagus grandifolia), bitternut hickory (Carya cordiformis), shagbark hickory (Carya 

ovata), honey locust (Gleditsia triacanthos), sugar maple (Acer saccharum), red maple (Acer rubrum), 

black oak (Quercus velutina), scarlet oak (Quercus coccinea), white oak (Quercus alba), yellow poplar 

( Liriodendron tuliplfera), sassafras (Sassafras albidum), sycamore ( Platanus occidentalis), and black 

walnut (Juglans nigra). 

McComish Gorge is located in an alluvial valley of Culpepper Branch. This creek forms the northern 

boundary of this site and eventually flows into Furst Creek that flows out of Greenwood Lake. The 

Culpepper Branch Creek waterbody segment designated state water uses are aquatic life support and 

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 Quality Monitoring and 

Assessment Report to determine if they support fish consumption (IDEM, 2004). 

Threatened and Endangered Species 

Bald eagles (as discussed in Section 1.3.7) and ospreys are not expected to occur at SWMU 4 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 
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night heron is primarily a bird of swamps. These habitats are present at SWMU 4 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 

occasional at most. The prime timber rattlesnake habitat is forested land on higher dry ridges with a 

south or southwestern exposure. SWMU 4 is not located on a high dry ridge, so it is unlikely that the 

timber rattlesnake is present at the SWMU. 

Furst Creek discharges off-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 (Arnrnocypta 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). Note that 

other threatened, endangered, or special concern species also may be present in the water bodies just "".-r, 

off-site of Crane, as well. 

4.7.2 Potential Ecoloqical 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 4-14 presents the conceptual site model for SWMU 4. 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) 
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Herbivorous bird (bobwhite quail) 

Piscivorous bird (belted kingfisher) 

Piscivorous mammal (raccoon) 

Although piscivorous mammals and birds are included assessment endpoints, the actual exposure to site 

chemicals is expected to be low; Culpepper Creek, at the northern boundary of the site, is narrow and 

shallow and is unlikely to sustain large fish populations. The measurement endpoints for each of these 

assessment endpoints are presented in Section 3.4. 

4.7.3 Samplinq lnvestiqation and Results 

A total of 14 surface soil locations (Figures 4-6 and 4-7), six sediment locations (Figure 4-12), and five 

surface water locations (Figure 4-1 1) were sampled at the site and evaluated as part of the SERA. 

Section 4.4 of this report discusses the analytical results and the nature and extent of the contamination 

for the site. In summary, VOCs, SVOCs, pesticides, herbicides, and/or inorganic chemicals were 

detected in the soil, sediment, and surface water. Note that, 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 samples were detected below background levels (see Section 4.4). 

Also, surface water and sediment station 04SW01lSD01 was collected from an upgradient location in 

Culpepper Branch Creek. Therefore, the chemical concentrations in the remaining surface water and 

sediment samples from SWMU 4 are compared to this upgradient sample for the selection of COPCs. 

Inorganic chemicals detected in site samples at maximum concentrations less than chemical 

concentrations detected in the upgradient samples are eliminated as COPCs. If inorganic chemical 

concentrations are higher at the upgradient sample than the maximum concentration of downgradient 

samples, the chemical was eliminated as a COPC. 

4.7.4 Ecolosical 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 the screening are presented in Tables 3-1 4 and 3-1 5. 
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4.7.4.1 Surface Soil 

Table 4-24 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 background comparison for inorganics, which are used to select 

COPCs. Four VOCs, 15 SVOCs, two pesticides, three herbicides, and 21 inorganic chemicals were 

detected in the surface soil samples. 

Benzo(a)pyrene, 4,4'-DDT, 2,4-D, pentachlorophenol, antimony, cadmium, copper, cyanide, tin, and zinc 

were retained as COPCs because the maximum concentrations exceeded the surface soil COPC 

screening levels and the site concentrations are statistically greater than the background concentrations 

(for inorganics only). The maximum EEQ (2,613) was reported for cadmium. 

4.7.4.2 Sediment 

Table 4-25 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 also 
-' n 

includes a comparison of the maximum site sample concentrations to the upgradient sample 

(04SD010006) concentrations considered representative of sediment background. One VOC, 11 SVOCs, 

one herbicide, and 15 inorganic chemicals are detected in the sediment samples. 

Six inorganic chemicals, aluminum, antimony, barium, iron, manganese, and vanadium, were retained as 

COPCs because no sediment COPC screening levels are available for these chemicals and the 

maximum downgradient concentration exceeded that reported for location 04SD010006. Four SVOCs, 

benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, and pyrene, were retained as COPCs 

because the maximum concentrations exceeded the sediment COPC screening level; EEQs ranged from 

1.32 for benzo(a,h)anthracene and pyrene to 2.25 for dibenzo(a,h)anthracene. 

4.7.4.3 Surface Water 

Table 4-26 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 the maximum 

site sample concentration to the upgradient sample (04SW0101) concentration considered representative 

of surface water background. One SVOC, 12 inorganic chemicals (in the unfiltered samples), and nine 

filtered inorganic chemicals are detected in the surface water samples. Only aluminum and manganese 
,CI* 

are retained as COPCs because no surface water COPC screening levels are available for these 
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chemicals and the maximum downgradient sample concentration exceeds that reported for location 

4.7.5 ScientificIManaaement Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a ScientificIManagement 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 that 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 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 4. Section 4.4 of this report contains discussion of the nature and extent of 

contamination at SWMU 4, and Figures 1-5 and 1-6 show the site topography and site photographs, 

respectively. 

McComish Gorge (SWMU 4) was used as a dumpsite for an unknown period of time between 1942 and 

1972. Unknown amounts and types of garbage and trash, such as construction debris, office trash, 

plaster-filled warheads, and metal shavings, were buried in a gorge at the site. McComish Gorge covers 

approximately 5 acres and is bounded on the north by Culpepper Branch and on the east by Highway 

140. The topography at McComish Gorge consists of undulating terrain dissected by many small 

drainageways. The elevation of the ground surface rises to a maximum of approximately 605 feet AMSL 

along an eroded plateau that borders the site to the south. Several drainage ditches convey water 

northward, toward larger tributaries that drain into Culpepper Branch. Culpepper Branch flows from the 

west to the east past SWMU 4, and then flows toward, and discharges into Furst Creek. Shallow ground 
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water in the natural unconsolidated materials flows from topographic high areas northeast toward and 

discharges into Culpepper Branch. 

4.7.5.1 Surface Soils 

Fourteen surface soil samples were collected at SWMU 4. All of the surface soil samples were collected 

within the area identified as the estimated limits of disposal (based on a geophysical survey), which is a 

smaller portion of the SWMU (see Figures 4-6 and 4-7). Therefore, the soil samples were biased in the 

area where the chemical contamination was expected to be greatest. 

Each surface soil sample was analyzed for Appendix IX VOCs, Appendix IX SVOCs, Appendix IX 

pesticides, Appendix IX PCBs, Appendix IX herbicides, Target Analyte List (TAL) metals (plus tin), and 

cyanide. Additionally, two surface soil samples were analyzed for cation exchange capacity (CEC), pH, 

and TOC. Figures 4-6 and 4-7 are tag maps that show analytical data on site figures. Table 4-2 presents 

the summary of positive surface soil analytical results and Table 4-24 is the ecological risk screening 

table for surface soils. Four VOCs, 15 SVOCs, two pesticides, three herbicides, and 21 inorganic 

chemicals were detected in surface soil samples. Of these, one SVOC (benzo(a)pyrene), one pesticide ..-.% 
(4,4'-DDT), two herbicides (pentachlorophenol and 2,4-D), and six inorganics (antimony, cadmium, 

copper, cyanide, tin, and zinc) were retained as COPCs because their maximum detected concentrations 

exceeded EDQLs and background levels (for the inorganics only). COPCs considered bioaccumulative 

(U.S. EPA, 2000) were retained for food-chain modeling and are presented in Table 4-27. The SVOCs 

were detected at a low frequency (1 or 2 detections in 14 samples). PAHs may be related to site disposal 

operations (i.e., asphalt, combustion products, or waste oil), but the only PAH retained as a COPC, 

benzo(a)pyrene had an EEQ of 1.97. It was detected in 2 of 14 samples but only one of those samples 

had chemical concentrations of benzo(a)pyrene that exceeded the EDQL. Two pesticides and three 

herbicides were detected along a roadway and along the southern border of the site. Herbicide EEQs 

were 1.84 (pentachlorphenol) and 1.67 (2,4-D). The EEQ for 4,4'-DDT was slightly higher at 6.29. It was 

determined in Section 4.4.1 that due to the nature of pesticidelherbicide usage, low detected 

concentrations, and sparse spatial distributions, the pesticide and herbicide detections reflects either 

topical applications or shallow burial. 

Of the 21 inorganic chemicals detected in surface soils, 6 were determined to be greater than background 

concentrations and the maximum detections exceeded EDQLs. These six (antimony, cadmium, copper, 

cyanide, tin, and zinc) were retained as COPCs. As discussed in Section 4.4.1, the chemicals detected 

at concentrations greater than background concentrations indicate the possibility of a release in isolated ,-a , 

locations. However, there was no apparent pattern of metals contamination other than the only antimony, 
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cadmium, and tin detections being in the southern portion of the site. EEQ values for these chemicals 

were 6.9, 2613, and 6.7, respectively. EEQ values for other metals retained as COPCs were 18 (copper), 

27.8 (cyanide), and 44.7 (zinc). Metal detections were expected, as it is known that metal shavings were 

disposed of at SWMU 4, although if metal shavings were in the samples the concentrations of the metals 

would likely have been much greater. Because the surface soil samples appear to be well distributed in 

the area of the suspected disposal activities, and because potential ecological risks exists, the surface 

soils at SWMU 4 are further evaluated in Step 3a of the BERA. 

4.7.5.2 Surface WaterISediment 

Surface water and sediment samples were collected from six locations to assess the potential risks 

associated with migration of chemicals from ground water and soil to surface water and sediment. 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 sediment 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. Tables 4-25 and 4-26 are the ecological risk screening tables for sediment and 

surface water, respectively. One VOC, 11 SVOCs, one herbicide, and 15 inorganics were detected. Of 

these, four SVOCs and six inorganics were retained as COPCs. SVOCs were retained as COPCs 

because their maximum detected concentrations exceeded EDQLs. All inorganics were retained as 

COPCs because EDQLs are not available. COPCs considered bioaccumulative (U.S. EPA, 2000) were 

retained for food-chain modeling and are presented in Table 4-27. 

Three sampling points were located in Culpepper Branch Creek. Location 04SWlSD01 was sampled to 

evaluate upstream conditions outside the western boundary of the site; the results of this sample were not 

included in the SWMU 4 data set representing SWMU 4 contamination. Locations 04SWlSD02 and 

SWlSD03 in Culpepper Branch Creek were collected to monitor the stream at locations potentially 

affected by surface water runoff andlor ground water discharge. Surface water and sediment samples 

were collected from a downstream marshlwet area (04SWlSD04) to evaluate surface waterlsediment 

quality. Sediment sample 04SD050006 (location 04SD05) was collected from an unnamed tributary to 

Culpepper Branch Creek; surface water was not collected from this location because it was not present at 

the time of sample collection. Concentration data from sample 04SD050006 were used to determine 

surface waterlsediment quality immediately downstream of SWMU 4. Location 04SWlSD06 was sampled 

to evaluate downstream conditions in the unnamed tributary south-southeast of the site, which eventually 

discharges to Culpepper Branch Creek. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9, 10 

Revision: 4 
Date: July 2005 

Section: 4 
Page: 56 of 84 

In summary, of the six locations that were sampled, five were sampled in areas that may be impacted by 

site activities; one of the locations was an upgradient reference location. Depositional areas 

downgradient of the site were selected as sample locations and thus can be used to determine if 

chemicals are being released from the site. The two downstream samples in Culpepper Branch Creek 

and the two samples in the unnamed tributary were collected in depositional areas close to the site to 

determine whether contaminants are discharging from the site. Because the southern drainage area 

drains to the wetland area, the one surface waterlsediment sample located in the wetland area was 

collected to represent the chemical contamination in this area. One sample was viewed to be adequate 

to characterize the area for risk purposes because the area is a relatively small depositional area 

(approximately 75 square feet). Also, the area is a low point in the land (see Photograph 3 of Figure 1-6) 

and the contamination, if present, should not significantly migrate from this area. 

Surface Water 

Results from the analysis of the five surface water samples are displayed spatially on Figure 4-1 1. These 

include one upgradient sample and four site-related samples. The rationale for the sampling locations is 

described above. Table 4-8 presents the summary of positive surface water analytical results and Table 

4-26 is the ecological risk screening table for surface water. One SVOC, 12 non-filtered inorganics, and 

nine filtered inorganics were detected. Of these, only aluminum and manganese were retained as 

COPCs in both non-filtered and filtered samples. No COPCs are considered bioaccumulative (U.S. EPA, 

2000); consequently there are no surface water COPCs for food chain modeling. Aluminum and 

manganese were retained as COPCs because no EDQLs were available for comparison, therefore 

screening EEQ values could not determined. The maximum concentrations of these two metals were 

found in sample 04SW0401, the most downgradient sample at SWMU 4. As shown in Figure 4-1 1, 

however, concentrations of these metals in sample 04SW0401 were similar to the concentrations in 

samples across SWMU 4. Additional samples are not needed to characterize this area since the wetland 

area is small and is bounded by land with higher elevations. Therefore, because the surface water 

samples were located in areas where contamination migrating from the site would be detected, and 

because potential ecological risks to aquatic receptors can not be ruled out due to the lack of a screening 

value, the surface water at SWMU 4 will be further evaluated in Step 3a of the BERA. 

Sediment 

Results from the analysis of the six sediment samples are displayed spatially on Figure 4-12. Table 4-10 

presents the summary of positive sediment analytical results and Table 4-25 is the ecological risk 
.-W' 

screening table for sediment. One VOC, 11 SVOCs, one herbicide, and 15 inorganics were detected in 
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the downgradient sediment samples. Of these, four SVOCs and six inorganics were retained as COPCs. 

SVOCs were retained as COPCs because their maximum detected concentrations exceeded the EDQLs. 

Several inorganics were retained as COPCs because no EDQLs were available for calculation of EEQs 

and because they were detected at concentrations greater than concentrations reported for the 

upgradient sample. Four PAHs were retained as COPCs with maximum concentrations detected in 

sample 04SD020006. All of the samples with PAHs at levels exceeding the EDQLs were located in 

Culpepper Branch Creek; the EEQs for the four PAHs were 2.25 (dibenzo(a,h)anthracene) or less. The 

PAHs levels in Culpepper Branch Creek decreased from the upgradient sample location to the 

downgradient sample locations. Upgradient sample location, 04SD01, contained PAH concentrations 

one order of magnitude greater than those detected at the two downgradient sample locations in the 

creek. Therefore, it was concluded in Section 4.4.5 that the source of PAHs in sediment is upgradient of 

SWMU 4, not disposal activities at SWMU 4. 

Of the six inorganics retained as COPCs, antimony was detected in only one of the five site-related 

samples. The remaining inorganic COPCs were detected in all five samples collected. However, 

maximum concentrations of the inorganics were distributed across the various sample locations, 

indicating no clear pattern of contamination. Because the sediment samples were located in depositional 

areas downgradient of SWMU 4 and because potential ecological risks to aquatic receptors exist, the 

sediments at SWMU 4 are further evaluated in Step 3a of the BERA. 

4.7.5.3 Summary 

In summary, a SERA was performed for SWMU 4. Based on the results of the collected data, adequate 

information exists to determine that potential risks are possible for receptors exposed to the selected 

COPCs. Adequate numbers of samples were collected in areas where the contamination, if present, 

should be detected. The samples were analyzed for the appropriate parameters based on site history. 

Finally, based on the data quality review in Section 3.1, the data is of sufficient quality to proceed with the 

risk assessment. A further discussion of the data quality as it relates to the ecological risk assessment is 

included in Section 4.8.6. Therefore, the SERA is advancing to the Step 3a of the BERA -the refinement 

of the site-related COPCs. 

4.7.6 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 
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benchmarks/toxicity (U.S. EPA, 1997; and 2001 ; Navy, 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 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 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 conservative) benchmarks in Step 3a 

of this assessment. These alternate benchmarks are presented in Tables 4-28 (surface soil), 4-29 

(surface water) and 4-30 (surface water) along with the Step 3a evaluation. 

4.7.6.1 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 4.7.6.1 .I) and benthic invertebrates (Section 4.7.6.1.2). 

4.7.6.1 .I Terrestrial Plants and lnvertebrates 

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 4-28 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 4-24, several chemicals were detected at concentrations exceeding screening levels, but were 

eliminated as COPCs because they were not detected at concentrations greater than background 

concentrations. For soil, these chemicals included aluminum, arsenic, barium, chromium, cobalt, iron, 

lead, manganese, mercury, nickel, and vanadium. Therefore, risks from these chemicals were not 

evaluated in the ERA, however, any risks would be within background risks and not related to site 

activities. 
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Benzo(a)pyrene was initially selected as a COPC because the maximum detected surface soil 

concentration (3 mglkg) exceeded the Region 5 screening level of 1.52 mglkg. However, the EDQL is 

based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates and plants; therefore, the 

following alternate benchmark was used to further evaluate risks to plants and soil invertebrates: 

Canadian Soil Quality Guideline (SQG) provisional value - 0.7 mgkg [Environment Canada (EC), 

1999aI 

The Canadian SQG provisional value of 0.7 mglkg was based on decreased growth efficiency in 

woodlouse; this calculated value assumes a fraction of organic carbon value of 0.3 percent (EC, 1999a). 

However, in Appendix Ill of EC (1999a), a No Observed Effects Concentration (NOEC) of 26,000 mglkg 

(based on mortality) was reported for earthworms after 14 days. The lowest reported NOEC value for 

plants was 4,400 mglkg and was based on seedling emergence after 3 days of exposure. The maximum 

concentration of benzo(a)pyrene was orders of magnitude less than these study values. 

Benzo(a)pyrene was detected in 2 of 14 surface soil samples, but only one of the detections was greater 

than the Canadian SQG. The sample with the maximum detection (04SB030002) was located in the 

middle of the site. Benzo(a)pyrene was not detected in the nearest adjacent sample (04SB050002). The 

only other sample with a detection of this parameter (04SS01) had a concentration of 0.23 mglkg, which 

is less than the SQG. Therefore, the elevated detection appears to be isolated. Also, as seen in the site 

photograph of sample location SB03 (Figure 1-6, photograph 5 and in photograph 5, which was taken 

south of SB03), the area consists of old field vegetation and does not appear impacted. Therefore, 

although the maximum benzo(a)pyrene detection is greater than the Canadian SQG, the potential risks to 

plants and invertebrates are not great enough to warrant proceeding further in the ERA process. This 

conclusion is supported by the preceding discussion, including the fact that the maximum detection is less 

than the NOECs for plants and invertebrates. 

Therefore, risks to plants and invertebrates from benzo(a)pyrene are acceptable; benzo(a)pyrene is not 

retained as a COPC for these receptors. However, because benzo(a)pyrene is a bioaccumulative 

chemical, risks to wildlife from benzo(a)pyrene are evaluated in Section 4.7.6.2 of this ERA. 
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This pesticide was initially selected as a COPC because the maximum detected surface soil 

concentration of 0.1 1 mgkg at location 04SB05 exceeded the Region 5 screening level of 0.01 75 mgkg. 

The EDQL is based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates and plants; 

therefore, the following alternate benchmark was used to further evaluate risks to plants and soil 

invertebrates 

Canadian SQG - 12 mgkg (EC, 1999b) 

The Canadian SQG of 12 mglkg is based on toxicological data for vascular plants and soil invertebrates. 

The SQG for 4,4'-DDT is the 25Ih percentile of effects and no effects data distribution of a total of 40 data 

points from plant and invertebrate studies. The 12 mg/kg value is reported as the 4,4'-DDT concentration 

which reduced Stringless Black Valentine bean root weight by 26 percent after 17 days. Effects 

concentrations for earthworms were generally higher than 12 mglkg (EC, 1999b). 

4,4'-DDT was detected in two of 14 surface soil samples collected at SWMU 4. The only other detection "-% 

of 4,4'-DDT was 0.008 mgkg at location 04SS01. The maximum detection of 4,4'-DDT at SWMU 4 is 

less than the SQG. Also, it is likely the relatively low concentrations and infrequent detections of 

4,4'-DDT are due to topical applications during routine insect control measures (see Section 4.4.1). 

Therefore, risks to plants and invertebrates from 4,4'-DDT in the soil are a~ce~ptable; 4,4'-DDT is not 

retained as a COPC for risks to plants and invertebrates. However, because 4,4'-DDT is a 

bioaccumulative chemical, risks to wildlife from 4,4'-DDT are evaluated in Section 4.7.6.2 of this ERA. 

2,4-Dichlorophenoxyacetic acid (2,4-D) was initially selected as a COPC because the maximum soil 

concentration (45 pglkg) exceeded the EDQL of 27 pglkg, which is based on risks to wildlife and not risks 

to invertebrates and plants. Therefore, alternate toxicological data (and other Step 3a considerations) 

were used to further evaluate risks to plants and soil invertebrates. 

Reviews of numerous toxicity studies of 2,4-D indicate it has a low toxicity to soil invertebrates 

(Hammond, 1996; ITF, 2004). The 14-day NOEC for earthworms is 100 mgkg (Hammond, 1996). The 

maximum detected concentration at SWMU 4 (0.045 mglkg) is orders of magnitude less than the 

earthworm NOEC. It is possible that this herbicide could pose potential risk to vegetation at the site, . . 
because its presence is likely the result of its deliberate application as a herbicide. However, the site is 
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heavily vegetated (see photographs in Figure 1-6) and it does not appear to be impacted by this 

herbicide. Therefore, risks to plants and invertebrates from 2,4-D are acceptable; 2,4-D is not retained as 

a COPC for risks to plants or invertebrates. However, because 2,4-D is a bioaccumulative chemical, risks 

to wildlife from 2.4-D are evaluated in Section 4.7.6.2 of this ERA. 

Pentachlorophenol 

This herbicide was initially selected as a COPC because the maximum detected soil concentration of 

0.22 mgtkg in sample 04SB050002 exceeded the Region 5 screening level of 0.12 mgkg. 

Pentachlorophenol was detected in two other samples in which detected concentrations were at the 

screening level (at location 04SB03) or less than the screening level (at location 04SS01). However the 

EDQL is based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates and plants; 

therefore, the following alternate benchmarks were used to further evaluate risks to plants and soil 

invertebrates: 

Canadian SQG - 11 mglkg [Canadian Council of Ministers of the Environment (CCME), 1997b3 

Oak Ridge National Laboratory (ORNL) Plant - 3 mglkg (Efroymson et al., 1997b) 

ORhIL Earthworm - 6 mglkg (Efroymson et al., 1997a) 

The pentachlorophenol Canadian SQG of 11 mglkg is the 25th percentile of effects and no effects data 

distribution for plants and invertebrates. The 25th percentile is the gth of 35 data points and corresponds 

to an effect on lettuce seedling emergence (CCME, 1997b). All of the NOECs for plants and 

invertebrates listed in CCME (1997b) were greater than 1 mglkg. The Canadian SQG for 

pentachlorophenol is similar to the ORNL benchmarks for plants and invertebrates, which were ' 

developed using fewer plant studies than were used to develop the Canadian SQG. 

The pentachlorophenol ORNL benchmark for invertebrates (6 mgkg) was based on toxicity data from 6 

studies. The endpoints for most of the studies cited in Efroymson et al., (1997a) are survival with lethal 

concentration (LC) 50 values derived. One study was based on growth and reproduction with a NOEC on 

hatching success at 10 mglkg. The loth percentile of data from the combined studies was approximately 

30 ppm; a safety factor of 5 was applied to the loth percentile value in order to obtain the ORNL 

benchmark for invertebrates because most of the studies were based on LC50s. A review of the data in 

Appendix A.l of Efroymson et al., (1997a) shows that only the study based on cocoon hatching success 

reported a IVOEC value. The reported NOEC value from this study was 10 ppm. 
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The maximum pentachlorophenol detection in the surface soil samples is orders of magnitude lower than 

any of the three benchmarks described above. Therefore, risks to plants and invertebrates from 

pentachlorophenol are acceptable; 2,4-D is not retained as a COPC for risks to plants or invertebrates. 

However, because pentachlorophenol is a bioaccumulative chemical, risks to wildlife from 

pentachlorophenol are evaluated in Section 4.7.6.2 of this ERA. 

Cadmium 

This inorganic chemical was initially selected as a COPC because the maximum detected soil 

concentration of 5.8 mgtkg in sample 04SB060002 exceeded the Region 5 screening level of 0.00222 

mgkg and site concentrations were determined to be greater than background conditions. All other 

detected sample concentrations ranged from 0.58 to 1.5 mgkg. 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 and 

soil invertebrates: 

U.S. EPA Soil Invertebrate Eco-SSL - 140 mgkg (U.S. EPA, 2003a) ---. 
U.S. EPA Plants Eco-SSL - 32 mg/kg (U.S. EPA, 2003a) 

The U.S. EPA Eco-SSL for soil invertebrates of 140 mgtkg was developed after a review of over 239 

technical studies. Of these, 10 studies were accepted for inclusion of the development of the Eco-SSL. 

The Eco-SSL is the geometric mean of the Maximum Acceptable Toxicant Concentration (MATC) or 

effect concentration (EC)lo values (based on growth, population, or reproduction) reported for each of 

three test species evaluated under six separate test conditions of pH (U.S. EPA, 2003a). 

The U.S. EPA Eco-SSL for plants of 32 mgkg was developed after a review of over 716 technical 

studies. Of these, 14 studies were accepted for inclusion of 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 (US. 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; cadmium is not retained as a COPC for 

risks to plants or invertebrates. However, because cadmium is a bioaccumulative chemical, risks to 

wildlife from cadmium are evaluated in Section 4.7.6.2 of this ERA. 
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Copper 

Copper was initially selected as a COPC because the maximum detected soil concentration (53.2 mglkg) 

exceeded the EDQL of 2.96 mglkg and site concentrations were determined to be greater than 

background conditions. However, because the EDQL is based on risks to small mammals, the following 

alternate benchmarks were used to evaluate risks to plants and soil invertebrates: 

Canadian SQG - 63 mglkg (CCME, 1997c) 

ORNL Plant - 100 mglkg (Efroymson et al., 1997b) 

ORhlL Earthworm - 60 mglkg (Efroymson et.al., 1997a) 

The copper Canadian SQG of 63 mgtkg is the 25'h percentile of effects and no effects data distribution for 

plants and invertebrates. The 25'h percentile is the 171h of 69 data points and corresponds to an effect on 

radish seedling emergence (CCME, 1997~). The Canadian SQG for copper is similar to the ORhlL 

benchmarks for plants and invertebrates, which were developed using fewer plant studies than were used 

to develop the Canadian SQG. 

The copper ORNL benchmark for plants (1 00 mglkg) 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 al., 

1977). 

The copper ORNL benchmark for invertebrates (60 mgkg) was based on toxicity data from 10 to 20 

studies. The endpoints for most of the studies cited in Efroymson et al., (1997a) are survival or impacts 

on reproduction (i.e., cocoon production, hatchling success). Because there were more than 10 studies, 

the benchmark was based on a loth percentile Lowest Observed Effect Concentration (LOEC) value. 

However, a review of the data in Appendix A.l of Efroymson et al., (1 997a) shows that most of the 

studies cited in that document have NOECs that are greater than 60 mglkg. 

Copper concentrations below the Canadian SQG of 63 mglkg 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 concentrations less than 
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63 mg/kg, the effects concentrations in many other studies were much greater than 63 mglkg. Therefore, 

because the maximum detected copper concentration (53.2 mglkg) is less than the Canadian SQG of 

63 mgkg, impacts to plants and invertebrates are not expected to occur from the observed levels of 

copper in SWMU 4 soil. 

Although the maximum concentration was statistically greater than background, all other concentrations 

at the SWMU 4 are within the range of background concentrations (5.4 - 17.1 mglkg). This suggests the 

copper concentrations in SWMU 4 surface soils may be a subset of NSWC Crane background surface 

soil concentrations and are probably not an indication of site-related contamination. As explained in 

Section 3.1.6, the background soils were collected from several widely scattered areas throughout the 

nearly 100-square-mile NSWC Crane facility. The 5-acre SWMU 4 is a small fraction of the total 

background investigation area; therefore, it is quite plausible that SWMU 4 represents a subset of the 

overall base-wide background concentrations. 

In summary, because the maximum copper detection is less than the Canadian SQG, as well as the 

ORNL benchmarks, risks to plants and invertebrates from copper are acceptable; copper is not retained 

as a COPC for risks to plants or invertebrates. However, because copper is a bioaccumulative chemical, 

risks to wildlife from copper are evaluated in Section 4.7.6.2 of this ERA. 

Cyanide 

Cyanide was initially selected as a COPC because the maximum detected soil concentration (37 mglkg) 

exceeded the Region 5 screening level of 1.33. However, the EDQL is based on risks to wildlife (i.e., the 

meadow vole) so the following alternate benchmark was used to further evaluate risks to plants and soil 

invertebrates: 

Canadian SQG - 0.9 mglkg (EC, 1999c) 

The Canadian SQG for cyanide is based on toxicological data for vascular plants and soil invertebrates 

and was determined based on a LOEC of 1.8 mgtkg for.radish seed emergence with an uncertainty factor 

of 2 applied. Note that the NOEC for the same study, however, was 0.9 mglkg. The uncertainty factor 

was applied to the LOEC because the LOEC was determined to be biologically significant (i.e., not just 

statistically different from controls) so extrapolation below this level of effect was required. 

Cyanide was detected in only two of the 14 samples collected (positive detections were 37 mglkg and ". -% 

1.3 mglkg). The maximum cyanide concentration (37 mglkg) was reported for a sample adjacent to the 
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road (JT-1, location 04SS01) at the southern end of the SWMU (see Figure 4-7). Cyanide was not 

detected in the four closest sample locations, which were about 100 feet away from location 04SS01. 

Therefore, the any potential impacts would be confined to a small area. Much of this area is shown in 

photograph 6 in Figure 1-6 and consists of old field vegetation, which does not appear to be significantly 

impacted. The other detection (1.3 mgkg) was only slightly greater than the Canadian SQG and was 

bounded within 50 feet to the south by the SWMU boundary, and by a sample to the north (within 50 feet) 

and the west (within 150 feet) (see Figure 4-7). Finally, the SQG is based on free cyanide but it is not 

known whether the cyanide present at the site is in the free form. The presence of vegetation in the area 

with the elevated cyanide concentration indicates the cyanide may not be in a very bioavailable form. 

Therefore, although two samples had cyanide concentrations greater than the Canadian SQG, the 

potential risks to plants and invertebrates are not great enough to warrant proceeding further in the ERA 

process. 

In summary, risks to plants and invertebrates from cyanide are acceptable; cyanide is not retained as a 

COPC for risks to plants or invertebrates. 

Tin 

Tin was initially selected as a COPC because the maximum detected soil concentration (50.8 mglkg) 

exceeded the Region 5 EDQL of 7.62 mglkg and the site-specific 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 following alternate benchmarks were used to further evaluate risks to plants and soil invertebrates: 

ORNL Plant - 50 mglkg (Efroymson et al., 1997b) 

ORNL Microorganisms - 2,000 mglkg (Efroymson et al., 1997a) 

The ORNL benchmark for plants is the only alternate benchmark available for risks to plants. The 

50 mgkg value is based on two studies conducted in soil. Both studies measured growth as the 

endpoint. In the first study, shoot weight of bush beans were reduced by 22% when grown for 17 days in 

500 ppm tin, while 50 ppm had no effect. The second study reported unspecified toxic effects on plants 

.grown in 50 ppm tin soil. 

Tin was only detected in one of 14 surface soil samples collected at SWMU 4 (04SB070002). The single 

tin concentration from this site is just slightly greater than the ORNL plant benchmark of 50 mglkg 

(Efroymson et al., 1997a). SWMU 4 is heavily vegetated, including the vicinity of sample 04SB070002 
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(see Figure 1-6, photograph 9); it does not appear vegetation is adversely affected by tin concentrations 

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 mgkg (Efroymson et al., 1997a). The detected tin concentration at 

SWMU 4 is orders of magnitude less than the ORNL tin value for microorganisms. There is uncertainty in 

the sensitivity of an earthworm to tin versus the sensitivity of microorganisms to tin; however, ORNL 

values reported for other metals for earthworms and microorganisms are relatively similar (i.e., less than 

two times) (Efroymson et al., 1997a). This implies earthworms and microorganisms have similar 

sensitivities to metals. Therefore, it is unlikely earthworms at SWMU 4 are being adversely impacted 

because of the low frequency of tin detections and because the maximum tin detection is well below the 

ORNL value for micoorganisms. In summary, risks to plants and invertebrates from tin are acceptable; tin 

is not retained as a COPC for risks to invertebrates and plants. 

Zinc 

Zinc was initially selected as a COPC because the maximum soil concentration (296 mglkg) exceeded 
--% 

the EDQL of 6.6 mglkg and was greater than background concentrations. However, even though the 

EDQL is based on risks to invertebrates, the following alternate benchmarks were used to further 

evaluate risks to plants and soil invertebrates: 

Canadian SQG - 200 mglkg (EC, 1999d) 

ORNL Plant - 50 mglkg (Efroymson et al., 1997b) 

ORNL Earthworm - 100 mglkg (Efroymson et al., 1997a) 

The zinc Canadian SQG of 200 mglkg 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 SQG because greater than 50 percent of the "effectsn 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 mgkg, indicating that earthworms 

appear to be less sensitive to zinc than plants. As indicated in Efroymson et al., (1997a), the ORNL 

benchmark for invertebrates (100 mgkg) is lower than concentrations at which effects have been 

observed. This is further supported by the toxicity test data presented in the Canadian SQG document 

for earthworms. 
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The zinc ORhlL benchmark for plants (50 mglkg) was based on toxicity data from fewer plant studies than 

were used to develop the Canadian SQG. The majority of the studies had NOEC and LOEC values 

greater than 50 mgtkg, with many greater than 100 mglkg and several greater than 200 mglkg. 

Therefore, the ORNL plant benchmark appears to be somewhat conservative. It should be noted that 

SWMU 4 is covered by thick vegetative growth; it does not appear zinc in the soil is adversely impacting 

plants. This may be because zinc compounds selected for toxicity studies tend to be much more 

bioavailable than zinc compounds found in an environmental setting. 

The maximum zinc detection of 296 mg/kg is above the Canadian SQG, as well as the ORNL plant and 

earthworm benchmarks. Although these benchmarks are likely conservative as discussed above, risks to 

terrestrial plants and invertebrates in the vicinity of sample 04SB10 are possible. The sample with the 

maximum detection is in the southern boundary of the site and it is close (within approximately 50 feet) of 

the estimated limits of disposal (see Figure 4-7). Based on the relatively low concentrations of zinc in 

other samples located across the site, zinc is not elevated across SWMU 4. In fact, photograph 8 in 

Figure 1-6 shows the area just north of 4SB01. This area is heavily vegetated and does not appear to be 

impacted by site contaminants. Potential impacts to plants andlor invertebrates (if any) are likely limited 

to a small area south of the road which is old field vegetation. Zinc concentrations reported for all other 

samples and adjacent samples to location 04SB10 are less than the SQG. Therefore, although one 

sample had zinc concentrations greater than the Canadian SQG, the potential risks to plants and 

invertebrates are not great enough to warrant proceeding further in the ERA process for zinc. 

In summary, risks to plants and invertebrates from zinc are acceptable; zinc is not retained as a COPC for 

risks to plants or invertebrates. However, because zinc is a bioaccumulative chemical, risks to wildlife 

from zinc are also evaluated in Section 4.7.6.2 of this ERA. 

4.7.6.1.2 Sediment 

Table 4-29 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. The upgradient sediment concentrations 

are presented in Table 4-25. As discussed in the following narrative, several organic chemicals 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 but any risks from these chemicals 

would be within background risks and not related to site activities. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 4 
Page: 68 of 84 

PAHs 

PAHs were initially selected as COPCs because they were detected at concentrations greater than the 

EDQLs. Total PAHs were evaluated instead of the individually detected PAHs (including 

benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, and pyrene) because the toxicity of PAHs 

may be additive and there are several sediment benchmarks for total PAHs. The maximum total PAH 

concentration (0.469 mgikg) was reported for sample 04SD020006. Because an EDQL for evaluating 

total PAHs is not available, total PAH concentrations are compared to other available benchmarks: 

Consensus-based Threshold Effect Concentration (TEC) - 1.61 mglkg (MacDonald et al., 2000) 

The consensus-based TEC is the geometric mean of the threshold effect level (TEL; Smith et al., 1996), 

effect range low (ER-L; Long and Morgan 1991), lowest effect level [LEL; Ontario Ministry of the 

Environment (OMOE), 19931 minimal effect threshold [MET; EC and Ministere de I'Environnement du 

Quebec (MENVIQ) 19921 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 calculated total PAHs concentration is less than the TEC. Also, the total PAH concentrations 

reported for the upgradient sediment sample (04SD01) exceeded the concentrations reported for the site 

sediment samples. Therefore, risks from PAHs (including benzo(a)anthracene, benzo(a)pyrene, 

dibenzo(a,h)anthracene, and pyrene) to aquatic receptors at SWMU 4 are acceptable; these chemicals 

were not retained as COPCs for risks to sediment invertebrates. However, because PAHs are 

bioaccumulative chemicals, risks to wildlife from these PAHs are evaluated in Section 4.7.6.2 of this ERA. 

Aluminum 

Aluminum was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than upgradient sediment concentration. The alternate benchmark selected 

for aluminum is the TEL of 25,500 mgkg (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 al., 2000). The maximum aluminum concentration is less than the 

TEL. Therefore, risks to sediment dwelling invertebrates are acceptable; aluminum is not retained as a 

COPC for risks to sediment invertebrates. 
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Antimony 

Antimony was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than the upgradient sediment concentration. The alternate benchmark 

selected for antimony is the ER-L of 2 mglkg (Long and Morgan., 1991). The ER-L values were 

developed by first ranking the chemical concentrations in sediment associated with adverse effects by 

ascending concentrations then the lower loth percentile of the data was selected as the ER-L and 

represents the low end of the range of concentrations at which effects were observed or predicted. 

Because the maximum antimony concentration (1.1 mgkg) is less than the ER-L, risks to sediment 

dwelling invertebrates are acceptable. Therefore, 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 

to sediment dwelling invertebrates at SWMU 4 because toxicity data from saltwater studies were used to 

develop the ER-L. 

Barium 

Barium was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than the upgradient sediment concentration. The only toxicity data available 

for barium in sediment is an Apparent Effects Threshold (AET) value of 48 mgtkg (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 at 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 334 mglkg at sample locations 04SD05 and 04SD06. These sample locations 

are located within an unnamed tributary to the small wetland area located outside the eastern boundaries 

of SWMU 4. The sample concentration within the wetland (04SD04) was significantly less at 66.4 mgtkg. 

All other sample concentrations were less than 66.4 mglkg, including the samples in Culpepper Branch 

(39.3 and 40.2 mg/kg). Barium concentrations were elevated in two surface soil samples along the 

southern portion of the SWMU (see Section 4.7.7.2); this area may be the source of barium in the 

tributary to the south (sample locations 04SD05 and 04SD06). The aquatic habitat in this area is poor 

(see photographs in Figure 1-6); in fact, surface water was absent from 04SD06 during the field event. 

Culpepper Creek does have better habitat for aquatic receptors, but the barium concentrations in the 
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samples from this creek were relatively low and only slightly greater than the upgradient location (27 

n1gkg). 

In summary, although barium is detected at two sample locations at concentrations that are greater than 

the AET (which indicates an adverse effect is very likely), the aquatic habitat in this area is poor and there 

will be very few sediment invertebrates to impact. Barium concentrations reported for the two samples in 

Culpepper Branch, which has better aquatic habitat were less than the AET. It is unlikely that significant 

adverse effects would occur to sediment invertebrates at these locations. For these reasons, risks to 

sediment invertebrates from barium in the sediment are considered to be acceptable; barium is not 

retained as a COPC for risks to sediment invertebrates. 

lron 

lron was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than the upgradient sediment concentration. Because EDQLs and 

consensus based TEC are not available for the screening, iron concentrations are compared to the 

Canadian SQG. 

Canadian Sediment Guidelines LEL - 20,000 mglkg (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 goth percentile of the concentrations evaluated in toxicity studies where a species was 

present, and then plotting the goth percentile concentrations for all of the species considered to develop 

the guideline. The 5Ih percentile of the plot was selected as the LEL for metals. The maximum detected 

concentration of iron (12,700 mgkg in 04SD05) 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 

invertebrates. 

Manganese 

Manganese was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than the upgradient sediment concentration. The alternate benchmark 

selected for manganese is the Canadian Sediment Guidelines Lowest Effects Level (LEL) of 460 mglkg 

(OMOE, 1993) - .. 
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As stated above for iron, 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 maximum detected 

concentration of manganese (456 mg/kg in 04SD06) is less than the LEL, therefore, risks to sediment 

dwelling invertebrates are acceptable. Manganese is not retained as a COPC for risks to sediment 

invertebrates. 

Vanadium 

Vanadium was initially selected as a COPC because no EDQLs are available and because SWMU 4 

concentrations were greater than the upgradient sediment concentration. Vanadium was detected at 

similar concentrations in all samples with a maximum detection of 15.2 mglkg in sample 04SD050006. 

The only available alternate benchmark for vanadium is the AET of 57 mglkg (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. For vanadium, the chemical concentrations in the SWMU 4 sediment 

ranged from 10.3 to 15.2 mglkg, which were only slightly greater than the concentration in the upgradient 

sample of 8.3 mglkg. Vanadium was detected at concentrations of 11.7 to 22.2 mgkg in the surface soil, 

but these concentrations were within background soil concentrations. Erosion of surface soil from the site 

may be the reason for the slightly greater vanadium concentrations in the downgradient sediment 

samples. Because vanadium in the surface soil is not related to site activities, vanadium concentrations 

in the sediment also may not be related to site-activities. 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 vanadium are not great enough to warrant carrying vanadium further through the BERA 

process. 

4.7.6.1.3 Surface Water 

Table 4-30 presents a summary of the common alternate benchmarks that were 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 provided in Table 4-26. Iron was eliminated as a COPC for surface water because 

site concentrations did not exceed background concentrations. Risks to iron was not evaluated in the 

ERA, however, any risks would be within background risks and not related to site activities. Water-quality 

standards (WQS) for surface water have been developed for lndiana [Indiana Department of 

Environmental Management (IDEM), 19981. In addition, U.S. EPA has established water-quality criteria 

(WQC) for a few contaminants (U.S. EPA, 2002). The lndiana WQS were reviewed as part of the Step 3a 
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evaluation but were not used in the evaluation because the WQS are based on the old U.S. EPA WQC. 

Therefore, it is more appropriate to use the updated U.S. EPA WQC. 

Aluminum 

Aluminum was initially selected as a COPC because an EDQL was not available and because some 

SWMU 4 concentrations exceeded the site-specific upgradient surface water concentration. Aluminum 

was detected in one of four filtered samples collected at a concentration of 214 pg/L in sample 

04SW0401-F. Sample location 04SW04 is located within the wetland area to the east of the SWMU 

boundary. The maximum aluminum detection of 214 pg/L in the filtered sample is greater than the 

chronic U.S. EPA WQC of 87 pg/L, but is less than the acute U.S. EPA WQC of 750 pg/L. 

Although it is possible that there are some impacts to aquatic organisms in the ponded areatwetland by 

4SW04, potential impacts from aluminum across the site are not great enough to warrant carrying 

aluminum further through the BERA process. This is because, as shown on Figure 1-5 and Figure 1-6 

(photograph 3) the ponded area is relatively small (50' x 75') so any potential impacts would be limited. 

Also, the ponded area would also encounter natural stresses such as low dissolved oxygen, high -"a, 

temperatures that would stress aquatic organisms living in the area. For these reasons, risks from 

aluminum are acceptable; aluminum is not retained as a COPC for risks to aquatic organisms. 

Manganese 

Manganese was initially selected as a COPC because an EDQL was not available, and because some 

SWMU 4 concentrations exceeded the site-specific upgradient surface water concentration. 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 pg/L (Suter and Tsao, 1996)) 

The ORNL chronic benchmark was develop using the Tier II method described in the U.S. EPA's 

Proposed Water Qualitv Guidance for the Great Lakes Svstem 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 WQC 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 found '?arely at 
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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). 

Three of the four SWMU surface water samples, as well as the upgradient location, had manganese 

concentrations exceeding the ORNL chronic benchmark for aquatic life of 120 pg/L. All of the detections 

were less than the minimum tolerance value (1,500 pg/L) cited in U.S. EPA (1986). The ORhlL 

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 Tsao, 1996). This is further supported by 

the lowest chronic values of 1,780 ug/L and <1,100 ug/L reported for fish and daphnids, respectively 

(Suter and Tsao, 1996). 

Manganese was detected in all four filtered site samples collected and the upgradient location. The 

maximum detected filtered concentration in sample 04SW0401-F was 238 pg/L. Similar concentrations 

were detected in the other surface water samples, including the upgradient location (202 mg/kg in sample 

04SW0101-F). Manganese concentrations were similar across the SWMU and comparable to the 

upgradient location for both unfiltered and filtered samples (see Table 4-8). Therefore, manganese in the 

surface water may not be related to site activities. 

In summary, manganese concentrations in the surface water are not at levels likely to cause risks to 

aquatic organisms. Also, the manganese concentrations in the surface water samples collected adjacent 

to and downstream of SWMU 4 are similar to the concentrations in the upstream sample. Therefore, risks 

to aquatic organisms from manganese are acceptable; manganese was not retained as a COPC for risks 

to aquatic organisms. 

4.7.6.2 Risks to Terrestrial Wildlife 

The discussions in Sections 4.7.6.1 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 (or 95% UCL) concentration detected in the surface soil, surface 

water, and sediment samples is used as the exposure point concentration (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 
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used to calculate the doses and EEQs. Table 4-35 presents a summary of the Step 3a evaluation for 

terrestrial wildlife. 

4.7.6.2.1 Risks to InsectivorousIHerbivorous Species 

Table 4-31 presents the terrestrial wildlife model EEQs based on conservative input parameters for 

terrestrial surrogate species (meadow vole, short-tailed shrew, American robin, and bobwhite quail) In 

general, NOAEL EEQs for SVOCs, pesticides, and herbicides are less than 1.0 in most conservative 

models; however, the NOAEL EEQ is 40 for 4,4'-DDT for the American robin. EEQs for the inorganics 

are less than 1.0 for most receptors, excluding the American robin, where the NOAEL EEQ for cadmium 

is 10 and the NOAEL EEQ for zinc is 21 (see Table 4-31). 

Under the assumptions used in the conservative-exposure scenario, food chain EEQs exceeded 1.0 only 

for the American robin. SWMU 4 is relatively small (5 acres). The American robin's home range while 

nesting is typically 0.5 to 2.0 acres, but robins forage over much larger areas during other seasons (U.S. 

EPA, 1993). Similar circumstances for breeding versus non-breeding home ranges would exist for other 

insectivorous birds represented by the American robin. Average COPC concentrations are more realistic 

exposure point concentrations (EPCs) for birds than maximum concentrations because insectivorous 

birds are exposed to COPC concentrations throughout the SWMU, rather than at a single location. 

Surface samples were collected at 14 soil borings scattered throughout the 5 acre SWMU so there is 

adequate spatial coverage within the exposure area of the robin making it appropriate to calculate an 

average concentration as the EPC. 

Table 4-32 presents the terrestrial wildlife model EEQs based on average exposure input parameters for 

the American robin. Food chain modeling was performed only for the American robin for 4,4'-DDT, 

cadmium, and zinc because only these chemicals had NOAEL based EEQs greater than 1.0 under the 

maximum input, conservative scenario. The NOAEL EEQ for 4,4'-DDT is 12, while the LOAEL based 

EEQ is 1.2. NOAEL EEQs for cadmium and zinc are 1.0 and 3.4, respectively. LOAEL based EEQs for 

cadmium and zinc were both less than 1 .O. 

4,4'-DDT was detected in two of the 14 samples at concentrations of 0.008 and 0.1 1 mgtkg. Therefore, 

4,4'-DDT, and other pesticides are not widespread across the site which suggests the source is from 

topical applications and not site-related disposal activities. Also, the locations with the detections are 

bounded within 150 feet or less by the site boundary or by samples in which 4,4'-DDT was not detected 

(see Figure 4-6). The LOAEL of 0.027 mglkg-day for 4,4'-DDT for birds was developed from a field study -4s*, 

in which the fledging rate for brown pelicans was 30 percent below the estimated rate necessary to 

11011O/P 4-74 CTO 0010 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 4 
Page: 75 of 84 

maintain a stable population (US. EPA, 1995). The LOAEL was divided by an uncertainty factor of 10 to 

estimate a NOAEL for this ERA. However, U.S. EPA (1995) recommends an uncertainty factor of only 3 

because they believe that the LOAEL should be relatively close to the threshold of effects (U.S. EPA, 

1995). If the uncertainty factor of 3 were applied, the revised NOAEL would be 0.009 mg/kg-day (versus 

the 0.0027 mgkg-day used in the ERA), which would decrease the EEQ from 12 to 3.7. Furthermore, 

because DDT concentrations in the pelicans lagged behind the DDT concentrations in their prey (i.e., 

anchovies), the LOAEL may actually be 0.052 mglkg-day or greater (U.S. EPA, 1995). Based on this 

LOAEL, the NOAEL EEQ deceases to 2.0 and the LOAEL EEQ decreases to below 1. In summary, 

because of the uncertainties in the LOAEL value, and because 4,4'-DDT was only detected at relatively 

low concentrations in two samples within a small area, risks to birds from 4,4'-DDT are unlikely. 

The avian NOAEL and LOAEL for cadmium were developed from a study in which no adverse effects 

were observed among hens consuming 15.2 mglkg cadmium, but where significantly fewer eggs were 

produced by mallard ducks consuming 21 1 mg/kg cadmium (Sample et al., 1996). Because the study was 

greater than 10 weeks in duration and considered exposure during reproduction, the 15.2 mgkg dose 

was considered a chronic NOAEL (1.45 mglkg-day) and the 210 mglkg dose was considered a chronic 

LOAEL (20.3 mglkg-day). The EEQ based on the NOAEL was just barely greater than 1 (EEQ = 1.001) 

so risks to birds are unlikely after consideration of other factors as discussed below. Also, the maximum 

cadmium detection from location 04SB06 was within the background concentrations for soil group 3 

(Figure 4-7), indicating that cadmium concentrations at SWMU 4 are naturally occurring. Therefore, any 

risks associated with possible site related cadmium concentrations are similar to risks associated with 

background cadmium concentrations. 

The avian NOAEL and LOAEL for zinc were developed from a study in which no adverse effects were 

observed among hens consuming 48 and 228 mglkg zinc, but where egg hatchability was less than 20% 

of controls among hens consuming 2,028 mglkg zinc (Sample et al., 1996). Because the study was 

greater than 10 weeks in duration and considered exposure during reproduction, the 228 mgkg dose was 

considered a chronic NOAEL (14.5 mglkg-day) and the 2,028 mglkg dose was considered a chronic 

LOAEL (131 mglkg-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. Also, the average zinc concentration is high due to one elevated concentration 

(296 mglkg) at location (04SB10). Other zinc detections were 98.6 mglkg or less and were similar to the 

background zinc data set for soil. The area represented by the elevated detection is relatively small (40' x 

150', see Figure 4-7). 
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The EEQs would be considerably less than the values in Tables 4-31 and 4-32 if home range factors had 

been incorporated into the food chain modeling. Therefore, because the EEQ exceeded no-effects levels 

only for cadmium and zinc (i.e., LOAEL EEQs for cadmium and zinc were less than 1.0). there is some 

uncertainty as to whether there will be an actual risk to insectivorous birds from those metals. However, 

when the other conservative factors are considered such as the fact robins will not likely obtain all of their 

food from SWMU 4, the EEQs that are greater than 1.0 are based on no-effects levels, and the chemicals 

in soil will likely be less bioavailable than the form of the chemicals used to conduct the toxicity test to 

establish the NOAELs and LOAELs, it is unlikely that insectivorous birds will be impacted. Consequently, 

risks to wildlife from 4,4'-DDT, cadmium, and zinc in soil are acceptable based on the rationale presented 

above; these chemicals are not retained as COPCs for further evaluation regarding risks to wildlife. 

4.7.6.2.2 Risks to Piscivorous S~ecies 

Table 4-33 presents the terrestrial wildlife model EEQs based on conservative input parameters for 

piscivorous surrogate species (raccoon and belted kingfisher). Three PAHs (benzo(a)anthracene, 

benzo(a)pyrene, and dibenzo(a,h)anthracene) had NOAEL EEQs only slightly greater than 1.0 in the 

raccoon food chain model at 3.7, 4.2, and 1.2, respectively. LOAEL EEQs for these chemicals were less ~. .- 
than 1.0 in the raccoon model and NOAEL and LOAEL EEQs were less than 1.0 in the kingfisher model. 

Table 4-34 presents the terrestrial wildlife model EEQs based on average exposure input parameters 

(including NOAELs and LOAELs) for the raccoon. Food chain modeling was performed only for the 

raccoon for the PAHs that had NOAEL EEQs greater than 1.0 under the maximum input, conservative 

scenario. The EEQs for these chemicals are all less than 1 .O. Therefore, risks to picivorous wildlife from 

chemicals in the surface water and sediment are acceptable; these chemicals are not retained as COPCs 

for further evaluation regarding risks to wildlife. 

4.7.7 Ecoloqical Risk Uncertaintv Analvsis 

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 SWMU 4. 

4.7.7.1 Measurement and Assessment Endpoints 

As presented in Section 4.7.2, several assessment endpoints were selected for this risk assessment, 

including the selection of piscivorous wildlife as an assessment endpoint. The waterbodies adjacent to 
""a"a 

SWMU 4 are narrow and shallow and unlikely to contain a significant fish population. Therefore, risks to 

piscivorous wildlife are overestimated. 
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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 low based on 

the Step 3a evaluations. However, potential risks to reptiles cannot be further 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 the area use factors discussed in Appendix H.2. Eleven chemicals were detected in the surface soil 

at concentrations exceeding EDQLs; benzo(a)pyrene, 4,4'-DDT, 2,4-D, pentachlorophenol, and seven 

metals. Of these, only the organics and three inorganics are considered important bioaccumulative 

chemicals (U.S. EPA, 2000). Benzo(a)pyrene was the only PAH detected at a concentration exceeding 

the EDQL. However, benzo(a)pyrene was detected relatively infrequently (i.e., in two of 14 samples 

collected) and exceeded the EDQL at only one location. As discussed previously in Section 4.7.5, the 

pesticide and herbicide detections are typical of spot applications rather than burial activities associated 

with SWMU 4. Although some pesticides and herbicides are bioaccumulative, the low detection 

frequency and relatively low concentrations do no 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 4 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 wildlife, soil to 

plants, and soil to invertebrates are similar (U.S. EPA, 1999) but carnivorous birds and mammals are 

expected to obtain only a small portion of their food from SWMU 4 (SWMU 4 is approximately 5 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 the small herbivorous or insectivorous mammals and birds at 

SWMU 4 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 4. 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 
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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 4 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 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 to be 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, 

risks to the belted kingfisher were acceptable. Therefore, risks which to the American bittern, if present at 

SMWU 4, 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 4, this species may potentially inhabit areas of 

SWMU 4. 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. 

4.7.7.2 Exposure Characterization 

Barium was not retained as a COPC in surface soil because although the maximum detected 

concentration of 15,600 mglkg at location 04SS01 exceeded the Region 5 screening level of 1.04 mglkg 

that dataset was not statistically above the background dataset. The maximum detection is likely an 

outlier. None of the other metals are significantly elevated at location 04SS01. This location was along 

JT-1, the road that runs along the southern portion of the SWMU, as was location 04SB10 that also had a 

slightly elevated barium concentration of 1,520 mglkg. All other locations had concentrations of 

11 4 mglkg or less. Therefore, it is possible that the barium may be related either to the road materials or 

maintenance of the road. Note that location 04SB09 is also along the road, but the barium concentration 

in the sample from this location (75.2 mglkg) is much lower than that detected in the sample from location 

04SB10, so the source of barium at 04SS01 and 04SB10 is uncertain. Because of the elevated 

concentrations, barium is evaluated in this uncertainty analysis section to be conservative. The EDQL for 

barium 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: 

U.S. EPA Soil Invertebrate Eco-SSL - 330 mglkg (U.S. EPA, 2003b) 

Oak Ridge National Laboratory (ORNL) Plant - 500 mglkg (Efroymson et al., 1997b) 
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The U.S. EPA Soil Invertebrate Eco-SSL of 330 mgkg was developed after a review of over 152 

technical studies. Of these, three studies were accepted for inclusion of 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). 

The ORNL benchmark for plants is based on one study in which effects of barium on the shoot weight of 

barley and bush beans was investigated. After 14 days of exposure to 500 ppm barium, the shoot growth 

of barley was reduced 38%. After 14 days of exposure to 2,000 mglkg Barium, shoot growth of bush 

beans was reduced by 30%, but not reduced at a lower exposure concentration of 1,000 ppm after the 

same amount of time. The ORNL benchmark of 500 mglkg is based on the lowest concentration tested, 

although confidence in this value is low due to a lack of supporting data (Efroymson et al., 1997b). 

The only samples with concentrations exceeding the Eco-SSL and the ORNL plant benchmarks were 

from locations 04SS01 and 04SS10. As depicted on Figure 4-7, location 04SB10 represents a relatively 

small area because it is bounded by the road to the north, and SWMU boundary to the south. Similarly, it 

is unlikely that the barium around 04SS01 represents a very large area because all of the samples north 

of this location have very low barium concentrations (see Figure 4-7). This area is also well vegetated 

and does not appear to be impacted, as discussed earlier in this ERA, and as demonstrated by the 

photographs in Figure 1-6. 

Therefore, the potential risks to plants and invertebrates is not great enough to warrant proceeding further 

in the ERA process for barium and risks are determine do be acceptable. 

4.7.7.3 Ecological Effects Data 

Toxicological data fo'r a few of the chemicals initially selected as COPCs 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 base-specific background levels. 

Several alternative benchmark values were used to gain a better understanding of the relationship 

between the maximum concentrations of the selected COPCs to the overall ecological risks of the site. 

There is some uncertainty involved when using these alternative benchmarks (Table 4-28). The 

Canadian SQG, 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 
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invertebrates cannot be made using the Canadian guidelines. The ORNL values are separated into 

guidelines for plants and guidelines for invertebrates. However, the values are limited to only a few 

chemicals. 

4.8 CONCLUSIONS 

Tables 4-28, 4-29, 4-30, and 4-35 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 Soil Invertebrates 

After the initial screening, one SVOC [benzo(a)pyrene], one pesticide (4,4'-DDT), two herbicides (2,4-D 

and pentachlorophenol), and five metals (cadmium, copper, cyanide, tin, and zinc) were detected at 

concentrations exceeding Region 5 EDQLs and because SWMU 4 concentrations were greater than the 

background soil data set. 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 and proceeding further into the BERA. 

Benzo(a)pyrene was only detected in one of 14 samples at a concentration that was greater than the 

Canadian SQG. The sample was located in the middle of the site appeared to be limited to a small area 

that was heavily vegetated. Therefore, it was determined that risks to plants and invertebrates from 

benzo(a)pyrene in the soil are acceptable so benzo(a)pyrene was not retained as a COPC for further 

evaluation of risks to plants or invertebrates.. 

4,4'-DDT, 2,4-D , and pentachlorophenol were detected relatively infrequently in the soil samples with 

detection frequencies of 2/14, 4/14, and 3/12, respectively. The maximum detected concentrations of 

these chemicals were much lower than alternate toxicity values for risks to plants and invertebrates. Also, 

SWMU 4 is heavily vegetated and the flora does not appear to be significantly impacted (if at all) by site 

contaminants. Therefore, it was determined that risks to plants and invertebrates from pesticides and 

herbicides in the soil are acceptable so pesticides and herbicides were not retained as a COPC for further 

evaluation of risks to plants or invertebrates. 
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The maximum detections of cadmium, copper, and tin were less than the Canadian SQGs andlor the 

ORLlL benchmarks for plants and invertebrates. Therefore, impacts to plants and invertebrates from 

these metals are not expected. Only the maximum cyanide and zinc detections were greater than their 

respective Canadian SQGs, but the locations of the maximum detections were well bounded; the other 

detections of cyanide and zinc were less than the SQGs. The areas of the maximum detection are small 

and heavily vegetated so it is not likely that significant impacts to plants and invertebrates are occurring. 

Therefore, it was determined that risks to plants and invertebrates from metals in the soil are acceptable 

so metals were not retained as a COPC for further evaluation of risks to plants or invertebrates. 

In summary, no chemicals were retained as COPCs for risks to plants or invertebrates. However, 

because several COPCs are bioaccumulative, risks to wildlife from the bioaccumulative chemicals were 

evaluated in Section 4.7.6.2 of this ERA. 

Sediment Invertebrates 

After the initial screening, four SVOCs (benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, 

and pyrene), were detected at concentrations exceeding Region 5 EDQLs, and therefore initially selected 

as COPCs. Also, six inorganics were initially selected as COPCs because Region 5 EDQLs were not 

available for those chemicals. 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 andlor whether the risks were great enough to warrant retaining the chemicals as COPCs and 

proceeding further into the BERA. 

The total PAH concentration was less that the TEC, which is a lower effects level for impacts to benthic 

invertebrates are not expected. Also, the maximum detected concentrations of aluminum, antimony, iron, 

and manganese also were less that their respective lower effects levels indicating that impacts to benthic 

invertebrates are not expected from those metals. Therefore risks from these chemicals are acceptable 

and they were not retained as COPCs for further evaluation of risks to sediment invertebrates. 

A few samples had barium concentrations that were greater than levels that are expected to cause 

adverse impacts to benthic invertebrates. However, these samples were located in areas with little or 

poor aquatic habitat so any potential impacts to invertebrates in this area would not be ecologically 

significant. The samples that were collected in Culpepper Branch, which has better habitat for benthic 

invertebrates, had much lower barium concentrations which were just slightly greater than the upstream 

barium concentration but less than the higher effects level. Therefore, risks to sediment invertebrates 
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from barium in the sediment are not great enough to warrant retaining barium as a COPC for further 

evaluation of risks to sediment invertebrates. 

All of the detections of vanadium in sediment were less than the half of the AET, which is a concentration 

above which, impacts to sediment invertebrates would be expected to occur. However, the vanadium 

concentrations just slightly exceeded the upgradient concentrations. Also, the vanadium concentrations 

in the sediment also may not be related to site-activities. 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 vanadium are not great enough to warrant carrying vanadium further through the BERA 

process. 

In summary, no chemicals were retained as COPCs for risks to sediment invertebrates. However, 

because several COPCs are bioaccumulative, risks to piscivorous wildlife from the bioaccumulative 

chemicals are evaluated in Section 4.7.6.2 of this ERA. 

Aquatic Orqanisms 

After the initial screening, two inorganics (aluminum and manganese) 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. 

Aluminum was detected in one of four filtered samples collected at a concentration that exceeded the 

chronic U.S. EPA AWQC. The sample was located within the wetland area to the east of the SWMU 

boundary, which is a relatively small area (50' x 75'). Therefore, any potential impacts would be limited. 

Also, the ponded area would also encounter natural stresses such as low dissolved oxygen, high 

temperatures that would stress aquatic organisms living in the area. For these reasons, risks from 

aluminum are acceptable; aluminum is not retained as a COPC for risks to aquatic organisms. 

Although manganese concentrations exceeded the conservative ORNL aquatic benchmark, the maximum 

detection was much less than the minimum tolerance value cited in U.S. EPA (1986). Also, the 

concentrations of manganese in the downgradient samples were similar to the concentration in the 

upgradient sample so the manganese may not be related to site activities. Therefore, risks to aquatic 

organisms from manganese are acceptable; manganese was not retained as a COPC for risks to aquatic 

organisms. "~,..,.*. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 4 
Page: 83 of 84 

In summary, no chemicals were retained as COPCs for risks to aquatic organisms. Also, none of the 

COPCs are bioaccumulative. 

Risk to Terrestrial Wildlife 

In Step 3a, one SVOC (benzo(a)pyrene), one pesticide (4,4'-DDT), two herbicides (2,4-D and 

pentachlorophenol), and three metals (cadmium, copper, and zinc) in soillsurface water were included in 

the food chain model for insectivorous and herbivorous mammals and birds. Also, four SVOCs 

(benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, and pyrene) in sediment 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, andlor 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. 

Risk to Insectivores1Herbivores 

Based on the conservative modeling, only the American robin had an EEQ greater than 1.0 for 4,4-DDT, 

cadmium, and zinc. Based on the average food-chain model for the American robin, NOAEL EEQs were 

greater than 1 for 4,4-DDT, cadmium, and zinc, but LOAEL EEQs were greater than 1.0 only for 

4,4'-DDT. 

4,4'-DDT was detected in two of the 14 samples, and the detections are bounded by samples in which 

4,4'-DDT was not detected. Also, based on the uncertainties in the LOAEL, it is likely that risks to robins 

from 4,4'-DDT are being overestimated. Also, based on the small areas represented by the two 4,4'-DDT 

detections, and giver the home range for robins, it is unlikely that robins will obtain all of their food from 

SWMU 4, and even less of it from the areas were 4,4'-DDT was detected. Therefore, risks to wildlife from 

4,4'-DDT, are acceptable and 4,4'-DDT is not retained as a COPC for further evaluation regarding risks to 

wildlife. 

The EEQ for cadmium was calculated to be just greater than 1 .O. Considering the conservative nature of 

food chain modeling, it is not likely that cadmium in the soil is impacting robins. Also, the maximum 

cadmium detection was within the background concentrations for its soil group 3, indicating that cadmium 

concentrations at SWMU 4 are naturally occurring. Therefore, any risks associated with possible site 

related cadmium concentrations are similar to risks associated with background cadmium concentrations. 

For that reason, risks to wildlife from cadmium are acceptable and cadmium is not retained as a COPC 

for further evaluation regarding risks to wildlife. 
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For zinc, the average zinc concentration is high due to one elevated concentration. Other zinc detections 

were much lower and were similar to the background zinc data set for soil. The area represented by the 

elevated detection is relatively small. 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 the 

conservative nature of food chain modeling (i.e., metals in soil are likely less bioavailable than the metals 

used to develop the toxicity data, it is unlikely that robins will obtain all of their food from SWMU 4). 

Therefore, risks to wildlife from zinc are acceptable and zinc is not retained as a COPC for further 

evaluation regarding risks to wildlife. 

Risk to Piscivorous Species 

Under conservative modeling, the belted kingfisher did not have any EEQs greater than 1.0; therefore, 

potential risk would be minimal and the kingfisher was not carried forward for average concentration 

modeling. Under the conservative modeling, the raccoon had NOEL EEQs only slightly greater than 1.0 

for benzo(a)anthracene, benzo(a)pyrene, and dibenzo(a,h)anthracene. All LOAEL EEQs for the raccoon 

were less than 1 .O. Using the average concentration food-chain modeling, the raccoon had NOAEL . ... , 
EEQs all less than 1.0 for the three PAHs. Therefore, impacts to piscivorous species from exposure to 

sediment at SWMU 4 are not expected so risks are acceptable and no chemicals are retained as COPCs 

for further evaluation regarding risks to piscivorous wildlife. 
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SURFACElSUBSURFACE SOIL 

Location 

04SB04 E e e t  feet 0 4 8 ~ 0 i 4 0  2 1 x 1  X I  NA I NA 1 NA I N A I N A I  NA I 

Sample Number 
Sample 
Depth 

4 - 6 feet 

0 - 2 feet 

04SB030406 

048B040002 

04SB05 

Miscellaneous 
parameters(') 

App. lX 
VOCs 

(8260B) 

X  

N  A  

0 - 2 feet 

1 - 2 feet 

2 - 4 feet 

Cyanide App. lX 
VOCs 

(801 5B) 

App. IX 
Herbicides 

X  

N  A  

- 

04SB050002 

04SB050102 

048B050204 

TAL 
Metals 
+ Sn 

App. lX 
SVOCs 

(PAHs via 
SIM) 

X  

X  

N  A  

X  

X  

App. lX 
PestJPCBs 

X  

X  

N  A  

X  

X  

X  

X  

X  

N  A  

X  

X  

X  

X 

N  A  

X  

X  

X  

X  

N  A  

X  

N  A  

N  A  

X  

N  A  

X  

X  

N  A  

X  

N  A  

N  A  

N  A  
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SEDIMENT 

l X I X l  X I X I X X TOC 

GROUND WATER 

Sample Number Location 
Sample 
Depth 

Miscellaneous 
parameters(') 

Cyanide App. IX 
Herbicides 

App. IX 
VOCs 

(8260B) 

TAL 
Metals 
+ Sn 

App. IX 
SVOCs 

(PAHs via 
SIM) 

App. IX 
VOCs 

(8015B) 

APP. Ix 
Pest.lPCBs 
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App. IX = Appendix IX. 
NA = Not analyzed. 
PAHs = Polycyclic aromatic hydrocarbons. 
PestlPCBs = Pesticides and polychlorinated biphenyls. 
SIM = Selective ion monitoring. 

Location 

SURFACE WATER 

Sn =Tin. 
TAL = Target analyte list. 
SVOCs = Semivolatile organic compounds. 
VOCs = Volatile organic compounds. 

Sample 
Depth 

Sample Number 

04SWlSD01 

04SWlSD02 

04SWlSD03 

04SWlSD04 

04SWlSD05 

Note: Sample numbers ending with 'F were field filtered prior to metals analyses. 

1 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 solids. 
- sediment samples were analyzed for total organic carbon. 

04Swo101 
(upgradient) 
04SW0101 -F 
04SW0201 

04SW0201 -F 
04SW0301 

04SW0301 -F 
04SW0401 

04SW0401 -F 
04SW0501 

04SW0501 -F 

App. IX 
VOCs 

(82608) 

App. IX 
VOCs 

(80158) 

App. IX 
SVOCs 

(PAHs via 
SIM) 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

APP. Ix 
PestJPCBs 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

App. IX 
Herbicides 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

Miscellaneous 
parameters(') 

TAL 
Metals 
+ Sn 

Cyanide 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

X 

X 

x 
X 

x 
X 

x 
X 

x 
X 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 

X 

N A 

x 
N A 

x 
N A 

x 
N A 

x 
N A 
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HbrMcldn $@g) 
2,4,5-T I 2 4 U J  I 1 4 0 ~  1 1 48 UJ I 1 4 8 U  I 1 47 UJ I I 3 . 1 U  I 1 3.2 U I 1 3.1 U 

2 , 4 - ~  1 2 4 ~  I I 4 e w  1 1 48 UJ I 1 4 8 U  I 1 47 UJ I 1 3.1 u I 1 8.3 J I 1 3.1 u 
PEKlACHLOROPHENOL I 6.0 u I I 1 1 U  1 I In, I 1 1 2 U  I 1 220 1 I 0 . n  U I I 2 8 R  I I 0.78 U 

Sample ldentlflcatlon 

b p t h  Range (lmt bgr) 
Soll croup: 

VolaUIe O r ~ n l c l  @fig) 
1 .1 .I-TRICHLOROETH4NE 

ACETONE 
MRWnENE CHLORIDE 
XYLENES. TOTAL 

PUUCldn $fig) 
~ , ~ ' o D T  I a e u  I I 3.8 u / I ' s s u  I I - 3.8 u I I i i o  I I 3.8 u I 1 3.9 u I 1 3.8 u 
ENDOSULFAN I I i s u  I I l . e u  1 1 30 UJ I I 2.0 u I I 30 UJ I I 2.0 u I 1 2.0 u I 1 2.0 u 

MSB010002 
0 - 2  

3 

WSBO10102 

1.2 

3 

3 U 
14 u 
3 U 

3 U 

MSBOZWOZ 

0 - 2  

3 

MSB020102 

1 - 2  

3 

3 U 

14 u 
3 U 

3 U .  

MSB06W02 

0 - 2  

3 

MSB03- 

0 - 2  

3 

MSB060102 

1 - 2  
3 

3 U 

14 u 
3 U 

3 U 

MSB030102 
1 - 2  

3 

4 U 

43 
4 U 

4 U 

MSB070002 
0 - 2  

3 

MSBW0001 
0 - 2  

3 

04SB070102 

1 - 2  

3 

3 U 

15 u 
5 BU 

3 U 

MSB040102 

1 - 2  
3 

3 U 

17 u 
5 BU 
3 U 

04SB080002 

0 - 2  
3 

MSBOSW02 

0 - 2  

3 

04SBO50102 

1 - 2  
3 

4 U 

17 ~i 
4 U 

4 U 
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Sample IdanUIlcatlon 

am mng. (1-1 b ~ l )  
Sol1 Group: 
Yhdlanaoue Parameters 

CATION EXCHANGE CAPACIM (MEWIW g) 
CYANIDE (mflg) 
pH(9U)  
TOTAL ORGANIC CARBON (rnflg) 

04960600M 

0 - 2  

3 

060 UJ 

04S8020002 

0 - 2  
3 

0.80 UJ 

04S6010002 

0.2 

3 

080 W 

0496060102 

1 - 2  

3 

0498020102 

1 - 2  
3 

WS8010102 

1 - 2  

3 

13 0 

080 W 
5 5 0 J  
6100 

9 80 

080 UJ 

520 J 

5100 

0498030002 

0 - 2  

3 

060 UJ 

0496030102 

1 - 2  

3 

I 

0496050002 

0 - 2  
3 

0496050102 

1 - 2  
3 

OW UJ 

04S60400M 

0 - 2  

3 

060 UJ 

WSBWO102 

1 - 2  

3 
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1 , I  ,I-TRICHLOROETHANE 3 U 3 U 3 U 3 U 8 J  3 U 3 U 
p~ 

ACETONE 14 U 27 BU 18 W 14 UJ 48 BU 13 U 15 W 
METHnENE CHLORIDE 3 U 3 W  3 UJ 3 UJ 4 J  3 U 3 U 
XYLENES, TOTAL 3 U 8 8 4 5 3 U 3 U - 

Sample IdenUflcatlon 

D.pm R.np  (lmt bga) 
Soll Group: 

PWUCldr (rgng) 
4C'DDT I I 4.0 U ( I 4.1 U 1 I 3.8 U I I 3.9 U I 1 S.0 I 1 4.0 U 1 
ENDOSULFAN I I 8.1 I 1 7.3 ] I 2.0 U I 1 2.0 U I 1 2.0 U ( 1 2.1 U I 

04SB080102 
1 - 2  

3 

MERCURY I I 0.20 U I I 0.20 U 1 I 0.20 U I I 0.98 1 1 0 0 4 U  I I 0 0 4 U  
NICKEL 1 7.2 1 1 11.6 1 1 13.7 ( 1 9.3 / I 11.5 J I 1 11.8 J I 
D n T A c c l l  IN I I m n ~  I I r u  .I I 1 1 7 1  1 I 1 7 4 4 1  1 I L ~ I I  I 1 M A 1 1  1 1 

IRON 
LEAD 
MAGNESIUM 
MANQANESE 

TIN I I 4.3 U -1 I 4.8 U 1 1 4.2 U I 1 4.4 U I 1 4.2 UJ I I 4.8 UJ I 
VANADIUM 1 222 1 I 18.1 I 1 17.3 1 1 12.5 1 1 12.1 1 1 15.7 1 
ZINC I 1 262 1 1 296 1 1 64.2 I 1 32.7 1 1 54.5 1 1 43.8 1 

MSBOW002 

0 - 2  
1 

1 15700 J 
( 14.3 J 
1 892 J 
I 569 J 

04SB080102 

1 - 2  
1 

MSB10aa02 
0 - 2  

1' 

18500 J 
70.0 J 
1050 J 
514 J 

04SS02W02 
0 - 2  

1 

04SBlW102 

1 - 2  
1 

04S5020102 
1 - 2  

1 

20700 J 
11.9 J 
863 J 
611 J 

04SBllW02 

0 .2  
1 

13200 J 
7.5 J 
572 J 
483 J 

MSB110102 
1 - 2  

1 

12000 J 
19.4 J 

10400 J 
283 

18500 J 
9.7 J 
723 J 
399 

04SB120002 

0 - 2  
3 

WSB120102 
1 - 2  

3 

04SS01W02 

0 - 2  
3 

WSS010102 
1 - 2  

3 



TABLE 4-2 

SUMMARY OF POSITIVE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE4 OF4 

Blank cells lndkate the sempls *ws not anarned for thls parameter. 
Data valldatlon qwlifiers: 
U - IndlutPs hallhe chemlesl waa not & l e d  at Um numsrlcal debdon llmi?(sample-apalfk quanutaton Ilmlt) mted. Nondetected results from the laboratory are reporled In thls manner. 

TMs qualltler Is a b  W b a p l U v e  ruun (rspatsd by Um laboratory) If Um detected mncenballon Is deleminod to be atmbvtabla to mntamlnah lntmduced durlng lisld sempllng or 

hbmkwy aM@Is. 
UJ . ~ndlcater, (hlt the c h e w  w e  m t  detsctsd. Howaver, the detoctbn limn (sempleapeclfk quantltatlon Ilmn) Is mnsldered to be estimated based on problems encountered durlng laboratory 

uu@Is. The uroclated numekal de-n limn ls regarded as lnaocurab or Imprecise. 

J - Indicates that the chemkal *as detected. Hower,  Um usocleted numerical mu i t  Is m t  a preclse rwresenlabn of the amount thal Is actualiy present In the sample. The 
Iaborabyiqmted carcsnhtbn Is eonsldomd b be m esdlmato ol Um true mncenlntbn. 

UR - I W b s  that Um chemkal may or may mtbe  prosenL The mndetected analy(lcal result repotled by the laboratory Is mnsldered to be unrellable and unusable. Thls qualnler Is applied 
In cases of gmss technical defklencles 0.e.. holdlng times mlesed by a factor ol (m, Umes the apecltled Ume Ilrnlt. severe catibrabn noncompliances, and exkernsty low quality mnbol 
reewerlee). 

R - InBCPtes that'the chemlcal may w may m t  be present. The p i l i v e  atuW resun reported by the laboratory Is mnsldered to be unrellable and unusable. Thls qualifier Is applled In 
cam of goss bchnlcal dotiiencles. 

BU - IndlcaW (hlt Um chemU waa detsoted In mtr ample M wall as the aaaochtsd laboratory memod blank bul has baen quelnled nonhtected resun as a laboratory blank mntamlnaUon 
0.e.. oww;enbl(lon waa low than the blank aclbn lever). 

&I - Indkater, that Um chemkal waa dolec(.d In thIs umple M WU as Um aMoclrted memod blank, and Is wnsldered esUmated because the mncenbatlon la In excess of the blank acbn level. 

- bebw gmund surlace. 
MEQ - mllllequlvalents 
S.U. -Standard MI$. 

Mkd lanwua  Pann8ot.n 

Sol1 Gmup 1 - LoesdGlacial Surlca Soll as per the BasaMe Background Soil lnvestlgation Report.' NSWC Crane, Indiana (lP.(US, January 2001). 
Soil Gmup 3 - Allwlal, Mlaslsslpplan. Pennsylvanian surlace mall as per the 'Basenlde Background Soil lnvesugatlon Repof$ NSWC Crane, Indiana (ltNUS. January 2001). 

CATION EXCHANGE CAPACITY (MEW100 g) 

CYANIDE (mglkg) 
pH (S.U.) 
TOTAL ORGANIC CARBON (mflg) 

1.0 U 1.0 U I .3 060 UJ 1.0 U 37.0 J 



TABLE 4-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

93-7&5 

94-75-7 

87-855 

CAS 
Number 

Volatile 

71-55-6 

87-64-1 

7549-2 

1330-20-7 

Location of Maxlrnum 
Concentration 

04581 201 02 

04S8030102 

04581 201 02 

04SB090102.04SBI 001 0q 

- 
2,4,5-T 

2,443 

PEKTACHLOROPHENOL 

Site Above 
~ackground?(~ 

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

Parameter 

Organlcs (pglkg) 

1,l.l-TRICHLOROEll+ANE 

ACETONE 

METHYLENE CHLORIDE 

XYLENES, TOTAL 

PwtlcldeslPCB's (Wkg) 

5&293 I~,~'-DDT 1 2/14 1 8 

2/14 

41  4 

341 2 

Detection 
~ r e ~ u e n c f '  

1H4 

1H4 

1H4 

411 4 

I 110 I 

8.3 

7 

2.9 

Mlnlmum 
Concentration 

6 

43 
4 

4 

959-9&8 ~ENDOSULFAN I 1 2 / 1 4  1 7.3 
3.8 - 59 

12 

45 

220 

Mlnlmum 
Quallfler 

0458050002 I --- 
8.1 I 1.9 - 30 04SB090002 --- 

J 

Maxlmum 
Concentration 

3.1 - 48 

3.1 - 48 

0.77- 12 

Maximum 
Qualifier 

J 

J 

Range of 
Nondetects 

J 

J 

6 

43 
4 

6 

0458100002 

04S8100002 

04S8050002 

3 - 4  

13-46 

3 - 5  

3 - 4  

--- 
--- 
--- 



TABLE 4-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - h a d a t e d  Samples 
04SB01 OOM 04S80401 02 04SB080002 04SB110102 

04SB010102 04SB050002 04SBOW)lM 04SB1200M 
04SB02OOM 04S8050102 04SBO90002 04SB120102 
04SBO20102 04SB060002 04SB090102 04SS010002 
04SBO30002 04SB060102 04SB100002 04SSO10102 
04S8030102 04SBO7OOM 04SB100102 04SSMOOM 
04SB0400M 04SBO70102 04SB110002 04SS020102 

Mlacellansoua Parameter (ME011 00 g) 

2 - Associated Background Samples 

BG1 SBA0101 BG1 SBP0801 BG3SBM0201 
BG1 SBAWO1 BG1 SBP0901 BG3SBM0401 
B G l S B W 1  BG3SBA0101 BG3SBM0601 
BG1 SBP0601 BG3SBA0301 BG3SBM0701 
BG1 SBP0701 BG3SBA0501 BG3SBM0801 

~ T N U S O ~ ~   CATION EXCHANGE CAPACITY 1 2/2 1 9.8 I I 13 I --- 04SB070002 

- = Not awllcable. 
Bolding indicates that parameter ia in excess of background.. 
MEQI100 g = MIU'iukalents per 100 grams. 
S.U. = Standard units. 

--- 

Note: Surface soil samples were collected from the 0 to Mod depth. Samples for all organla other than VOC were collected from the 0 to 2-foot interval. 
Samples for VOCs were collected fmm the 1 to 2-foot interval because the 0 to 1-foot interval would be depleted in VOCs. 

Mlacellaneoua Parameter (S.U.) 

lTNUSOO2 IpIi l U 2 1  5.2 I J I 5.5 I J I  -- I 04SB070002 I --- I 
Miacellaneoua Parameter (rnglkg) 
57-12-5 ~CYAN~DE 1 2/14 1 1.3 I 37 I J I  0.6 - 1 I 04SSO10002 I --- 
lTNUS003 ~TOTAL ORGANIC CARBON 1 2 / 2 1  5100 I 61 00 I I -- 04SBO70002 --- 



TABLE 4-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Pestlcldes (pglkg) 
AROCLOR-1254 

DELTA-BHC 
HEPTACHLOR EPOXIDE 

04SB110810 
8 - 1 0  

2 

Sample ldentlflcatlon 

Depth Range (fed bgs) 
Soil Group: 

04SB120810 

8 - 1 0  

B 

04SB010204 

2 - 4  
B 

04SBO20608 

6 - 8 

9 

36 U 

2.0 U 
2.0 U 

800 U 
41 U 
41 U 

2100 
1.9 U 
7.6 

04SB100608 

6 - 8  
2 

04SBO30406 

4 - 6  
B 

04SB080810 

8 - 1 0  
B 

04SB090810 
8 - 1 0  

2 

670 U 

34 U 

34 U 

04SB040608 

6 - 8 
B 

04SB050204 

2 - 4  
B 

600 U 

31 U 
31 U 

40 U 
2.1 U 
2.1 U 

38 U 
1.9 U 

1.9 U 

04SBO607OB 

7 - 9  
9 

WSB070507 

5 - 7  
B 

40 U 

2.0 U 

2.0 U 

38 U 

2.0 UJ 

2.0 U 

41 U 

2.1 UJ 

2.1 U 

38 U 

2.0 UJ 

2.0 U 

37 U 

2.3 J 

1.9 U 
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SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
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Blank cell Indicates sample was not analyzed for this parameter. 
Data valldatlon qualifiers 
.U - lndicates that the chemlcal was not detected at the numerical detection iimlt (samplespecific quantnation limit) noted. Nondetected results from the laboratory are reported in this manner. 

This qualifier is also added to a posnive result (reported by-the laboratory) il the detected concentration is determined to be attributable to contamination introduced during field sampling or 

laboratory analysis. 
UJ - lndicates that the chemical was not detected. However, the detection limlt (samplespeclfic quantiatlon limit) Is oonsldered to be estimated based on problems encountered during laboratory 

analysis. The associated numerical detection Ilmlt is regarded as Inaccurate or imprecise. 
J - lndicates 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 concentratlon is considered to be an estlmate of the true concentration. 
UR - lndicates that the chemical may or may not be present. Thenondetected analytical result reported by the iaboratory is considered to be unreliable and unusable. This qualifier Is applied 

in cases of gross technical deficiencies (i.9.. holding times missed by a factor of two times the specified time limit, severe calibration noncompllances, and extremely low qualay control 

recoveries). 

R - indicates that the chemical may or 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 ol gross technical deficiencies. 

BU - lndlcates that the chemlcal was detected In this sample as well as the associated laboratory method blank, but has been qualified non-detected result as a laboratory blank contamination 

(i.e.. concentration was less than the blank action level). 
BJ - lndlcates that the chemical was detected in thls sample as well as the associated method blank, and is considered estimated because the concentration is In excess of the blank actlon level. 

Miscellaneous Parameters 

bgs . below ground surface 
MEQ - rnllllequivalents 

S.U. - Standard unlts. 

Soil Group 2 - LoeddOlacial subsurface soil as per the 'Basewide Background Soil Investigation Report.' NSWC Crane, Indiana (TtNUS. January 2001). 
Soil Group 9 - Pemsylvanlan subsurface sand as per the 'Basewide Background Soll Investigation Report,' NSWC Crane, indlana (TtNUS, January 2001). 

CATION EXCHANGE CAPACIW (MEW00 g) 

pH S.U. 
TOTAL ORGANIC CARBON (mgkg) 

2.80 
6.30 J 

1200 

7.50 
7.10 J 
7500 

8.00 

5.90 J 
6900 

4.6 
6.0 

10000 U 



TABLE 4-5 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

86-737 FLUORENE 1/12 9 9 8-8100 04SBO20608 --- --- 
193-39-5 INDENO(1 .2.3-CD)PYRENE 1/12 3000 J 3000 J 8 - 6800 0458030406 --- -- 
91-203 NAPHTHALENE 1/12 10 10 8-8100 04SB(n0808 --- --- 
85-01-8 PHENANTHRENE 4/12 9 4200 J 8-6800 0458030406 --- --- - 
129-00-0 PYRENE 3 1  2 19 8900 8-6800 045B030406 .-- --- 
P e s t l c i ~ C B ' s  (Clglkg) 
11 097-69-1 AROCLOR-1254 1/12 2100 2100 37 - 800 04SBO20608 .-- --- 
31 9-88-8 DELTA-BHC 1/12 2.3 J 2.3 J 1.9 - 41 --- --- 045B120810 

1024-57-3 HEPTACHLOR EPOXIDE 1/12 7.6 7.6 1.9 - 41 0458020608 --- --- 
Herbicides (pglkg) 

93-76-5 24.5-T 1/12 4.8 J 4.8 pp J 3-65  04SB100608 --- --- - P 

94-75-7 2,4-D 1/12 16 J 16 J 7 04SB020808 --. .-- 
8585-7 DINOSEB 1/12 5 5 3 -65  04SB060709 --- -- 
87-86-5 PENTACHLOROPHENOL 3 1  2 5.8 24 0.75 - 16 0458040608 --- --- 

CAS 
Number Parameter 

Detection 
~requency"' 

Minlmum 
Concentration 

Minlmum 
Qualitler 

Meximum 
Concentration 

Range of 
Nondetects 

Maximum 
Qualitler 

- 

Locatlon of Maximum 
Concentration 

Site Above 
Background 
L o w l a n d a ~  

Site Above 
~ackground?" 



TABLE 4-5 

SUBSURFACE SOIL ANALYllCAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
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Mlscelbneour Parameter (MEQIlM) g) 
ITINUSOI~ ICATIO~ EXCHANGECAPACITY 1 4/4 1 2.8 1 I 8 1 I 0 I 04SBOW)810 I - 1 -- 1 

Associated Samples: 

04SB010204 04SBO70507 

04SB020808 04SBOW)810 

04SB030406 04SB090810 

04SBo4o608 W B j  oosoe 
WSB050204 04SB110810 

04SB060709 04SB120810 

Mlrcellaneour Parameter (S.U.) 
ITTNUSOO~ IpH 1 4/4 1 5.9 1 J I 7.1 I J I  0 1 04SB010204 1 -- I .-- 
Mlscellaneour Parameter (mglkg) 

2 - Background Samples 

BG1 SBP0806 BG1 SBLO103 BG1 SBL0504-MAX 

BG1 SBLO105 BGlSBL0506 

BG1 SBL0305 BG2SBG0104 

BG1 SBL0403 BG2SBGMO3 

BG1 SBL0405 BG2SBG0206 

TTNUSM)~ [TOTAL ORGANIC CARBON 1 314 1 1200 1 1 7500 1 1 10000 1 04SB010204 ( --- 

--- = Not applicable. 

Bolding indicates parameter Ls In excess of background. 

S.U. = Standard units. 

--- 



TABLE 4-6 

1 - Sample was designated as SWMU 4 upgradient ground water location. 

Blank cell indicates sample was not analyzed for this parameter. 

Data validation qualifiers: 
U - lndicates 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 chemlcal 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 - lndicates 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 - lndicates that the chemical may or 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 may or 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 - lndicates that the chemlcal was detected in this sample as well as the associated laboratory method blank, but has been qualified nondetected result as a laboratory 

blank contamination (i.e., concentration was less than the blank action level). 

BJ - lndicates 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. 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 

04T03 

04GW0301 

Semi-Volatile Organics (pgfl.) 
BlS(2-ETHYLHEXYL)PHTHALATE I 2 U I 2 U  I 2 U  I 2 U  I 2 U  I 2 U  I 2 U  I 2 u  ( 2 

04T01 

04GW0101 
Well Number 
Sample identification 

04T02 

04GW0201 
04-05 

04GW0501 
04-06 

04GW0601 
04T01 

04GW0201-F 

04-01 
(upgradient) 
0 4 ~ ~ 0 1 0 1 ~ )  

04-02 

04GW0201 

04-03 

04GW0301 

04-04 
04GW0401 



TABLE 4-7 

GROUND WATER ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 

- 

Semi-Volatile Organics (pg/L) 
117-81 -7 IBls(2-FTHYLHEWL)PHTHALATE I 1 18 I 2 I I 2 I I 2 1 04GWT0301 I --- --- 

7439-96-5 MANGANESE 618 23.4 J 2000 J 15 04GWT0301 ND YES 

7782-49-2 SELENIUM 218 1.5 2.3 1 04GW0601 ND YES 

7440-23-5 SODIUM 118 721 0 721 0 5000 04GW0601 ND YES 

CAS 
Number 

1 - Associated samples: 
04GW0201 

04GW0301 

04GW0401 

04GW0501 

04GW0601 

04GWT0101 

04GWT0201 

04GWT0201 -F 
04GWT0301 

2 - Upgradient sample: 
B04GW0101 

Minimum 
Qualifier 

--- = Not applicable. 
Bolding indicates parameter is in excess of upgradient concentration. 
ND = Nondetect. 

Minimum 
Concentration 

Maximum 
Concentration Parameter 

Maximum 
Qualifier 

Detection 
~re~uency(') 

Location of 
Maximum 

Concentration 
Range of 

Nondetects upgradient(') 

Site Above 
Upgradient 

Concentration? 



TABLE 4-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 ' 0 ~  2 

Semi-volatile Organics (pg/L) 

Dl-N-OCTYL PHTHALATE I I I I 5 UJ 1 5 U J  1 5 U J  1 5 U  I I 5 I 

Sample Identification 

.. " , 

SODIUM, FILTERED I 7020 I 6520 1 6180 1 I I I 1 5000 U I 1 5000 U 

ZINC, FILTERED 1O.OU 1 1O.OU 1 1O.OU I I lO.0U I I 15.7 

Inorganics (pg/L) 

Mlscellaneous Parameters (mg/L) 

HARDNESS I I I I 80.0 1 73.0 1 74.0 1 79.0 1 1 16.0 1 
TOTAL SUSPENDED SOLIDS( 4.0 1 4.0 1 3.0 1 13.0 1 1 52.0 1 

04S~0501-F 
0 4 ~ ~ 0 1 0 1 - ~ ( ' )  
(upgradient) 

ALUMINUM 
I 

ARSENIC 

BARIUM 

CALCIUM 

COPPER 

IRON 

LEAD 
MAGNESIUM 

MANGANESE 

SODIUM 

VANADIUM 

ZINC 

04SW0201-F 

Filtered Metals lua/L) 

203 J 

0.60 

59.9 J 

20800 

2.0 U 

1350 J 

1.0 U 

6800 J 

21 2 

691 0 

2.0 U 

10.0 U 

0 4 ~ ~ 0 3 0 1 - F  

200 U 

0.60 

61.0 J 

18600 

2.0 U 

1230J 

1.0 U 

6150 J 

207 

6290 

2.0 U 

10.0 U 

0 4 ~ ~ 0 1 0 1 ( ' )  
(upgradient) 

200 U 

0.57 

61.8 J 

18600 

2.0 U 

1240J 

1.0 U 

6410 J 

21 1 

6590 

2.0 U 

10.0 U 

04SW0201 

730 J 

0.90 J 

87.0 

20000 

2.5 

986J  

1.1 

7000 J 

249 

5000 U 

2.0 

10.0 U 

561 J 

0.48 J 

344 

6490 

2.0 U 

823 J 

1 .O 

5000 U 

64.1 

5000 U 

2.0 U 

20.5 

04SW0301 04SW0401 0 4 ~ ~ 0 4 0 1 - F  04SW0501 
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SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
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<- 

1 - Sample was designated as the SWMU 4 upgradient surface water location. 

Blank cells Indicate sample was not analyzed for this parameter. 
Data valldation qualifiers: 
U - lndicates 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. Thls 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 - lndicates 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 - lndicates 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 - lndicates that the chemical may or 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 - lndicates that the chemical may or 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 - lndicates that the chemical was detected in this sample as well as the associated laboratory method blank, but has been qualified non-detected result as a laboratory 

blank contamination (I.e., concentration was less than the blank action level). 
BJ - lndicates 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. 



TABLE 4-9 

1 - Associated Samples: 
04SW0201 04SWO301 04SW0401 04SW0501 

04SW0201 -F 04SW0301 -F 04SW0401 -F 14SW0501 -F 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 

--- = Not applicable. 

2 - Upgradient Sample: 

BO4SWO101-F 

' BO4SWO101 

Site Above 
Upgradient 

Concentration? 

Bolding indicates parameter is in excess of background. 

ND = Not detected. 

CAS 
Number Parameter 

Semi-Volatile Organics (pglL) 
11 7-84-0 IDI-N-OCTYL PHTHALATE I 114 I 5 I 1 5 I I 5 I 04SW0501 I --- I --- 

Detection 
~ r e ~ u e n c ~ ( ' )  

7440-666 JZINC, FILTERED I 114 I 15.7 I I 15.7 I I 10 I 04SWO501-F I ND YES 

Minimum 
Concentration 

Maximum 
Qualifier 

Miscellaneous Parameters (mglL) 
lTNUS022 1 HARDNESS I 414 I 16 I I 79 I I --- I 04SW0401 I --- --- 
lTNUS044 ~TOTAL SUSPENDED SOLIDS 1 414 3 52 --- ( 04SW0501 I --- I --- 

Location of 
Maximum 

Concentration 
Range of 

Nondetects ~ ~ ~ r a d i e n t ( ~ )  
Minimum 
Qualifier 

Maximum 
Concentration 
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SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Herblcldea (pglkg) 

2,4-D I 45 R 1 3.3 U 1 3.7 U 1 3.7 U 1 3.5 U 1 3.6 U 
PENTACHLOROPHENOL 1 0.89 U 1 0.84 U 1 0.93 U 1 0.92 U 1 0.87 U I 2.0 J 

Inorganics (mglkg) 

Sample identltlcatlon 

De p th Ran g e ( Inches ) 
04SD020006 

04SWlo006'~' 
(upgradlent) 

0 - 6 
Volatile Organlcr (pglkg) 
METHYLENE CHLORIDE I 4 J I 5 J  1 8 J  I 4 U  1 4 J  I 4 U I 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 
CALCIUM 

IMANGANESE I I l l J  1 76.9J 1 120J 1 96.4 1 200 I 456 I 

04SD030006 

INDENO(1,2,3CD)PYRENE 

PHENAMHRENE 

PYRENE 

COBALT 

COPPER 

l RON 

LEAD 

MAGNESIUM 

0 - 6  0 - 6  0 - 6 0 - 6  

2650 J 

0.98 U 

2.8 

27.1 J 
755 J 

Mls~llaneoua Parameters (mglkg) 

 TOTAL ORGANIC CARBON 1 m 1 7000 1 loo00 1 19000 1 ,5800 1 17000 

04SD040006 
0 - 6 

170 J 

250 

540 

3.3 

4.6 J 

8540J 
7.4 

568 J 

NICKEL 

VANADIUM 

ZINC 

3790 J 

0.94 U 

1.7 

39.3 J 
477 J 

04SMM0006 

32.0 J 

18.0 

70.0 

4.4 

5.6 J 

5740 J 

10.8 

547 J 

5.8 

8.3 

23.7 

045D060006 

3350 J 

1.0 U 

3.7 
40.2 J 
1 9 '  J 

24.0 J 

25.0 

50.0 

4.8 

6.2 J 

12000 J 

9.4 

979 J 

7.3 

10.3 

28.4 

4300J 

1.0 U 

1.7 

66.4 
94R J 

9.00 UJ 

10.0 

22.0 

2.6 

6.5 

6470 J 

9.7 J 

632 J 

8.5 

12.8 

31.9 

6820 J 

1.1 J 

4.7 

334 
A71 U.1 

9.00 UJ 

9.00 U 

35.0 

5130 J 

0.97 U 
3.7 

334 
1310 .I 

4.9 

8.9 

12700 J 

9.6 J 

754 J 

6.3 

11.0 

27.8 

9.00 UJ 

9.00 U 

9.00 U 

4.7 

7.8 

9140 J 

10.5 J 

702 J 

8.1 

15.2 

39.0 

7.2 

12.1 

65.5 
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SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 4 - McCOMlSH GORGE 
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1 - Sample was designated as SWMU 4 upgradient sediment location. 
Data validation qualifiers: 

U - Indicates that the chemical was not detected at ttw numerlcal detection limit (samplespecific quantiition limit) noted. Nondetected 
resutls from the labratory are reported in this manner. This qualifier is also added to a positive resun (reported by the laboratory) if 
the detecled 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 limn (samplespecific quarttitation 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 numerlcal resun is not a precise representation of the amount 

that is actually present In the sample. The labratoyreported concentration Is considered to be an estimate of the tlue concentration. 
UR - lndicates that the chemical may or may not be prasent. The nondetected analytical result reported by the laboratory is considered to be 

unreliabie and unusable. This qualifier is appl~ed In cases of g m  technical deficiencies (l.e., holding times missed by a factor of two 
tlmes the spedfled time limit, severe calibration nonccinpliances, and extremely low quality control recovenes). 

R - lndicates that the chemical may or may not be present. The palive 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 Mis sample as @I as the associated laboratory method Mank, but has been qualiffled 
nmdetected resutl as a laboratory blank contamination (i.e., concentration was less than the Mank actron level). 

W - Indicates that the chemical was detected in this sample as d l  as the associated method Mank, and is considered estimated because 
the coffientrah is in excess of the blank action level. 
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lnorganics 

7429-90-5 

7440-36-0 
7440-38-2 

7440-39-3 

7440-70-2 

744047-3 
74404a-4 

7440-50-8 

743989-6 

7439-92-1 

7439-95-4 

7439-96-5 

74402-0 

COPPER 515 5.6 J 8.9 - 04SD050006 4.6 YES 

IRON 515 5740 J 12700 J - 04SD050006 8540 YES 

LEAD 515 9.4 10.8 - 04s DO20006 7.4 YES 

MAGNESIUM 515 547 J 979 J - 04SD030006 568 YES 

MANGANESE 515 76.9 J 456 - 04SD060006 111 YES 

NICKEL 515 6.3 8.5 - 04SD030006 5.8 YES 

CAS 
Number 

Volatile Organlcs (pglkg) 

75-09-2 ~METHYLENE CHLORIDE I 3 5  I 4 I J I  8 I J I  4 I 04SD030006 I --- I --- 

Herbicides (pglkg) 

87-86-5 ~PEMACHLOROPHENOL I 1 15 1 , 2  I J I  2 I J 1 0.84 - 0.93 1 04SD060006 I --- I --- 

Maximum 
Concentration Parameter 

Maximum 
Qualifier 

Detection 
~ r e ~ u e n c ~ ( "  

Range of 
Nondetects 

Minimum 
Concentration 

Location of Maximum 
Concentration 

Minimum 
Qualifier upgradient(') 

Site Above 
Upgradient 

Concentration? 
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CAS 
Number 

7440-62-2 

7440-66-6 

1 - Associated Samples: 2 - Upgradient Sample: 

04s DO20006 B04SDOl0006 

04SD030006 

04s DO40006 

04s DO50006 

04SD060006 

Miscellaneous Parameters (mglkg) 

--- = Not applicable. 

Bold indicates parameter is in excess of upgradient concentration. 

ND = Not detected. 

Parameter 

VANADIUM 

ZINC 

lTNUS003  TOTAL ORGANIC CARBON 1 515 I 5800 I I 19000 I --- I 04s DO40006 I --- 1 YES 

Detection 
~ r e ~ u e n c ~ ( ' )  

515 

515 

Maximum 
Qualifier 

Minimum 
Concentration 

10.3 
27.6 

Range of 
Nondetects 

- 
- 

Minimum 
Qualifier 

Location of Maximum 
Concentration 

04SD050006 

04SD060006 

Maximum 
Concentration 

15.2 

65.5 

upgradient(') 

8.3 

23.7 

Site Above 
Upgradient 

Concentration? 

YES 

YES 



TABLE 4-1 2 
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Swnarlo Tlmeframe: Current 1 Future 
Madlum: Soll 
Exposure Medlum: Surface Soll 
Exposure Polnt: Surface Sd l  

RaUonale for 

I I I I I 1 I I I I I I I I I 
VOLATILE ORGANICS 

SEMNOLATILE ORGANICS 

PESTICIDES 
50-29-3 (4,4'-DDT I 0.008 I I 0.11 I I mgik 1 04SB05WO2 2/14 0.0038 -0.059 0.11 N A 1 1.7 C 1 20 1 IDEM I NO 1 BSL 
959-988 IENDOSULFAN 1 1 0.0073 1 1 0.0081 1 I mqlk; I 04SB090002 1 2/14 1 0.0019-0.03 ! 0.0081 ( N A 1 37(9) N 1 I lW(9) 1 IDEM I NO 1 BSL 
HERBICIDES 
93-76-5 12.4,s-T 1 0.0083 1 1 0.012 [ I m&g I 0 4 S B l W 2  1 2/14 1 0.0031 - 0.048 1 0.012 1 N A 1 61 N 1 NA I IDEM I No I BSL 
94-75-7 12,4-D 1 0.007 1 1 0.045 1 J I in&q 104SB1000021 4/14 10.0031-0.0481 0.045 1 N A 1 69 N I NA I IDEM I NO 1 BSL 
87-8&5 (PENTACHL~ROPHENOL 1 0.0029 I 1 0.22 I I m&q 1 0 4 S ~ 0 5 0 ~ n  I 3/12 I0.00077-0.0121 0.22 1 N A 1 3 C 1 20 1 IDEM I NO I BSL 

0.003-0.004 
0.013 -0.046 
0.003-0.005 
0.003 - 0.004 

71-55-6 
67-64-1 
75-09-2 
1330-20-7 

J 

J 

0.006 
0.043 
0.004 
0.006 

1,l ,I-TRICHLOROETHANE 
ACETONE 
METHYLENE CHLORIDE 
XYLENES. TOTAL 

0.006 
0.043 
0.004 
0.006 

0.006 
0.043 
0.004 
0.004 

N A 
N A 
N A 
N A 

J 

J 

mgkq 1 04SBl20102 1 1114 
mgikq 1 04SB030102 1 . 1114 
rngikq 1 04SB120102 1 1/14 
mdkg lO90102, 04SBl~t 4/14 

63 N 
160 N 
8.9 C 
210 sat 

1800 
3900 
120 

4800 

IDEM 
IDEM 
IDEM 
IDEM 

NO 
No 
No 
NO 

BSL 
BSL 
BSL 
BSL 
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Scmarlo Tlmefram: Current I Futum 
Medlum: Soll 
Expewre Medlum: Surface Soll 
Exposure Pdnt: Surface Soll 

E?9hts: 
1 Only the odglnal of dupllde samples was considered for COPC selection. The duplicate was used lor quallty control purposes only. 
2 Values presented are samplespedfk quantitatlon llmtts. 
3 The maxlmum detected coneentratlon Is used for sueenlng purposes. 
4 TO determine whether metel mncentratlons were withln baaground levels, sol1 mncentretions were 

mmpared to Base'wide baaground data presented In the Basewide Background Soll lnvestigatlon Report 
(TtNUS, Inc., January 2001) by means of fhe WUmxon Rank Sum Test. il the W b x o n  Test 
determined that a constituent mncantmtlon was not slgnmcanty different from backgrwnd, that 

C h B W ~ n d 8 8 k t d B T B C O P C  
5 The rlsk+-based soil COPC scnnnrlng level for resldentlal land use Io presented. The value Is based on a 

target hazard quotient of 0.1 for noncardnogam (denoted wlVl a 'N' flag) or an incrementd cancer 
risk of 1 E-8 for cardnogens (denoted with a 'C flag) (U.S. EP4 Region 9, November m). 

6 The chemical Is selected as a COPC I f  the madmum detected mncentmtlon exceeds the dsk-based 
COPC screening level a d o r  an ARARfrBC(s). 

7 Acenaphthene lo used as a surrogate for acenaphthylene. 
8 Pyrene is used as a sumgate for beruo(g.h.l)perylene and phenanthrene. 
9 Endosulfan I6 used as a surrogate for Erdasullan I. 
10 Hexavalent Chromkrm. 
11 OSWER sdl screen@ level for residential land use (U.S. EPA, July 1994) 
12 Value Is formrcurlc chlotide (U.S. EPA. Reglon 3. Oclober 2001) 

pef\nItionS: 
ARARfrBC = Applicable or relevant end appropriate requirement40 be considered. 
C = Cardnopen. 
CAS =Chemical abstract services. 
COPC = Chemlcai of potenW mndem. 
IDEM = Indiana Department of Environmental Management, Risk lnegrated System of 

Closure (RISC) resldentiil levels for direct contect with soli (IDEM. July 2001). 
J = EsUmeted value. 
N = Nocanlnogen. 
NA r Not applicabldnot available. 
sat = Soli saturation conoenlratlon. 
S.U. = Standard unb. 
MEQII W g = Mllllequkalent per 1 W grams. 

CAS 
Number 

miQmM&s 
For Seledon as a COPC: 
ASL = Above COPC screening IeveVARARfrBC. 

Detection 

212 
2/14 
2/2 
2/2 

for EIImlnatlon as a COPG 
BKG = Wlthln baaground levels. 
BSL = Below COPC Jcreenlng IeveVARARfrBC. 
NTX = No todcHy infonatlon. 
NUT = Essential nutrient. 

Chemlcal 

Shaded cells indicate that We specifled cmerlon or baagmund level has been exceeded or that We chemical has been selected es a COPC. 

of 
mndetscts(2) 

- 
0.6 - 1 - 
.- 

Minlmum 
~oncen t ra~on  

(1) 

MISCELLANEOUS PARAMETERS 
9.8 
1.3 
5.2 

5100 

57-12-5 

t:2iE 
Concentration 

~ c r s o n ~ n g  (3) 
for 

CATION EXCHANGE CAPACITY 
m- 0 ,  

PH 
TOTAL ORGANIC CARBON 

J 

Site Above 

(4) 
B.ckground ' 

Risk-Based 
COPC 

Scrsonlng Level 
(5)  

Maxlmum 
 onc contra ti on 

(1) 

13 
37 
5.5 

6100 

Potential 

ARV- 

13 
37 
5.5 

6100 

~~~~~ 
N A 

3700 
N A 
N A 

J 
J 

Potential 

ARSoy,"" 
N A 
N A 
N A 
N A 

~ n l b  

IDEM 
IDEM 
IDEM 
IDEM 

N A 
WN 

NA 
N A 

Location of 
~ a x ~ m u m  

~ormntrat lon 

med lW g 
m@kg 
S.U. 

m a g  

No I NTX 
. 

NO I NTX 
No 1 NTX 

COPC 
Flag 

04SB070002 
04SSOlWO2 
04SB070002 
0488070002 

ConUlmlnant 
Rationale for 

Deletlon or 
Sei.ction (6) 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEMIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
S W U  4, McCOYSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

!hmml/O Tlmefrmmb: C u m  I FuMo 
Msdlum: Bdl 
Expamure Medium: Surface Sol1 
Expowre Polnt: Surface So11 

VOLATILE ORQANlCS 
71-55-6 11 ,I,$-TRICHLOROETHANE I 0.006 I J I 0.OM I J I m M Q  ln(9 I B 1 2 0 1 M  I 1H4 1 0.003-0.004 1 0.006 1 NA I 0.1 N 1 I200 I 1.9 
6784-1  ACETONE 1 0.043 I 1 0.043 1 I mgkg I WSB0301M 1 1114 1 0.013 - 0.040 1 0.003 1 NA 
75-082 . - r n  0.004 I J 1 0.004 1 J 1 fllfl~ I WSBl20102 1 1114 1 0.003-0.005 1 0.004 

11330-20-7 IXYLENES. TOTAL 1 0.004 1 1 0.006 1 No 1 BSL 1 

50-29-3 (4,4'-DDT I 0.008 I I 0.11 1 I fndkfl I 04SB050WZ 1 2/14 1 0.0038- 0.059 1 0.11 1 NA 1 2 C I NA 1 260 1 No I BSL 
959-984 ~ENDOSULFAN I 1 0.0073 1 1 0.0081 1 I m a g  I 04SBOsooO2 1 2/14 1 0 . ~ 1 9  -0.03 I 0.0081 I NA 1 0.9(10) N I NA 1 20(10) NO I BSL 

Loutlon ol 
~ x i r n u m  

Comemrmkn 

CAS 
Number r,"::: DetecUon 

Fy:my ~ t m r n ~ a ~  
Minirnm 

~ ~ l c m n t r m ~ o n  
(1) 

Unit. 
Maxlmurn 

cancartration 
(1 

",::%: Range of 
mndetectr(2) 

USEPA Generlc 
SSL for 

Mlgratlon to 
Groundwater (5) 

COrGF 
k n n n l n g  (3) 

Slte &ova 
Background 

(4) ? 

SSL for 
Ar 

IDEM SSL lor 
Ugratlon to 

Gmundwater (6' 

COPC 
Flag 

Ratlonata for 
Contamlnsnt 
DeleUon or 

Selectlon (7) 
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EMmtQs 
1 Only the origlnal of dupllde samples was consldered for COPC selection. The duplicate was used for quality 
2 Values presented are sample-spedf~c quantltatlon limits. 
3 The m a h u m  detected concentration ls used for screen!ng purposes. 
4 To determine whether metal concentmUon8 wem wlthin background levels, sdl concentrations were 

compared to Base-wlda background data presented in the Basewlde Background Soll Invesbgatlon Report 
(TtNUS. Inc.. Januw 2001) by means of the Wllcoxon Rank Sum Test. If the Wllcoxon Test 
determined that a mnstnuent concentmtlon was not signnlcanly different from background, that 

chsrrwwasn0tmkdedasacopc. 
5 Soil Screening Guidance: Technical Background Document. (U.S. EPA. May 1996). The migration to 

groundwatervalue represents a dlluUon and attenuaUon factor (DAF) of 1. 
6 Resldentlal levels for mlgraUon from sol1 to ggnundwater (IDEM, July 2001). 
7 The chemlcel Is selected a6 a COPC W the maJdmum deteded WnwntraUon exceeds any screenlng level. 
8 Acenaphthene Is used a6 a sclrmgate for acenaphthylene. 
9 Pyrene is used as a sumgate for beruo(g.h.l)perylene and phenanthmne. 
10 Endosulfan Ls used as a sumgate for Endosulfan I. 

control purposes oniy. 

C AS 
Number 

MISCELLANEOUS 

57-1 2-5 

A R A W C  = Applicable or relevant and appropdate requlrementlto be consldered. 
C = Cardnogen. 
CAS = Chemkal abstmd services. 
COPC = Chemlcal of potenUal concern. 
IDEM = lndlana Department of Envimnmenw Management. R~sk lnegrated System of 

ClCSum (RISC) msldenUal levels for migration from soil to ground water (IDEM, Juiy 2001). 
J = Estimated value. 
N = Nocardnogen. 
NA = Not applicable/not available. 
sat = Soil 8atumUon conwntratlon. 
meq1100 g = M~lllequhralent per 100 grams. 
S.U. =Standard unlts. 

Maximum 
~ o n c e n t r a ~ o n  

(1) 

13 
37 
5.5 

81 00 

For Seledlon as a COPC: 
ASL = Above COPC screening IeveVARAWBC. 

Scenarb Tlmeframe: Current I Futum 
W l u m :  WI 
Expovurv W i u m :  Surface Soll 
Exposure Polnt: Surface 8011 

For as a COPG 
BKG = Withln backgmund levels. 
BSL = Below COPC scmenlng IeveVARAWBC. 

Maximum 

J 
J 

NTX = No toxicity Information. 
NUT = Essential nutlent. 

z,"$z 

J 

Chemlcal 

PARAMETERS 
CATION EXCHANGE CAPACITY 
CYANIDE 
PH 
TOTAL ORGANIC CARBON 

Shaded cells lndlcate that the spedfled crlterlon or background levei has been exceeded or that the chemical has been selected asa COPC 

UnIU 

r n d l 0 0  a 
mwkg 
S.U 

mwkg 

Mlnlmum 
~oncentratkn 

(1) 

9.8 
1.3 
5 2  

5100 

Site Above 
Of 

Range of C o ~ ~ d ~ ~  Background 
Mvxlmum 

(4) 

MSB070002 2/2 - 13 N A 
MSS010002 2/14 0.6 - 1 37 N A 
04SBO70002 212 - 5.5 N A 
04SB070032 212 - 6100 N A 

Rntlonale tor 
Conterninant 

Or 

Selection (7) 

NTX 
BSL 
NTX 
NTX 

USEPA Gemrlc 
SSL for 

Mlgratlon to 
Groundrvater (5) 

N A 
NA 
NA 
N A 

IDEM SSL 'Or 

MigraUon to 
Groundwater (6) 

N A 
150 
N A 
N A 

,"::2C 
SSL for 

Soll to A r  
(51 

N A 
N A 
N A 
N A 

COPC 
nag 

No 
No 
No 
No 
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S c e ~ r l o  Tlmetrams: Fulum 
M d u m :  S d l  
Expoaure Medlum: SurlacdSubourlaca S d l  
Exposure Polnl: SurlacdSuLuurlaa Soll 

VOLATILE ORGANICS 

..-.."a"."-" 

93-76-5 
94-75-7 
68-85-7 
67-86-5 

0.0048 
0.007 
0.005 

2,4,5-T 
2,4-D 
DINOSEB 
PENTACHLOROPHENOL 

~~ . . - - . . .. - - 0.0029 

J 

0.22 

0.01 2 
0.045 
0.005 

J 

makg 

makg 
m a g  
m a g  

0488050002 

0458100002 
04SB100002 
04SB060709 

8/24 

3/26 
Y26 
1/26 

0.00075 - 0.016 

0.003- 0.065 
0.003-0.065 
0.003 - 0.065 

0.22 

0.012 
0.045 
0.005 

N A 

NA 
N A 
N A 

3 C IDEM 20 

61 N 
69 N 
6.1 N . 

IDEM 
IDEM 
IDEM 

N A 
N A 
NA 

No BSL 

NO 
NO 
No 

BSL 
BSL 
BSL 
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Swnario Timeinme: Future 
Medlum: Soll 
E x p u n  Medlum: SurfacdSubaurlace Soll 
Exposure Polnl: SurlacdSuburrlaw Sd l  

MISCELLANEOUS PARAMETERS 
CATION EXCHANGE CAPACrTY 2.8 

J m&g 04SS010002 2/26 
PH 5.2 J 7.1 J S.U. 04SBO10204 616 
TOTAL ORGANIC CARBON 1200 7500 mgkg 04SB0102C-4 516 10000 7500 NA 1 NA N A IDEM 1 No I NTX 

.EmUbs 
1 On?. the original of duplicte samples was considered for COPC selection. The duplkate was used for quality control purposes only. 
2 Values presented are sample-specfflc quanUtaHon IlmHa. 

. 3 The marlmum detected concentration is used for screening purposes. 
4 To determine whether metal concentrations were within badcgrwnd levels, sol1 concentrations were 

compared to Base-wlde background data presented In h e  Basewlde Background Sol1 investigation Reporl 
(TtNUS. Inc., January 2001) by meam of h e  Wlkoxon Rank Sum TesL ll the Wkoxon Test 
determined that a constbent concentration was not slgnnlcanty dlfierent from background, that 
chemlcal was not selectedas a COPC. 

5 The rlsk-based 6011 COPC screenlng level for resldential land use Is presented. The value Is based on a 
target hazard quotient of 0.1 lor noncarclnogens (denoted with a 'N' Rag) or an Incrementel cancer 
rlsk of 1 E-6 lor carclnoaens ldended with a 'C' flaa1lU.S. EPA. Reoion 9. November 20001. . " 

6 The chemkal ls selectid as COPC H the madmum detected concentration exceeds the ttik-based 
COPC screenlng level andror an ARAWrBC(s). 

7 Naphhalene Is used as a surrogate for 2-methylnaphthalene. 
8 Acenaphthene is used as a surrogate for acenaphthylene. 
B Pyrene is used as a sunogate lor benzo(g,h,l)pewene and phenanthrene. 
10 Alpha-BHC Is used as a surrogate for delta-BHC. 
11 Endosuman Is used as a surrogate for Endosunan I. 
12 Hexavalent Chromium. 
13 OSWER 6011 screenlng level for resldential land use (U.S. EPA. July 1994) 
14 Value is for mercuttc chlottde (US. EPA. Reglon 3. October 2001) 

peflnltbns: 
A R A W C  = Applicable or relevant and appropriate requirementilo be considered. 
CAS = Chemlcal abstract services. 
C P Carcinogen. 
COPC =Chemical of potential cxonwm. 
IDEM = Indiana DepaNnent of Environmental Management. Risk Integrated System of 

Closure (RISC) residential levels for direct contact with soil (IDEM. Jub 2001). 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not appliibYnot available. 
sat = Soil saturation concentration. 
meg1100 g = Mllllequlvalent per 100 grams. 
S.U. =Standard units. 

Rationale Code% 
For Selection as a COPC: 
ASL =Above COPC screening IevelIARAWC 

For Elimination as a COPG 
BKG = Wlthln background levels. 
BSL P Below COPC screenlng IeveVARAWC. 
NTX = No toddty Informatlon. 
NUT = Essential nutrlent. 

Shaded cells indlcate that the specffled cttterion or background level has been exceeded or that the chemical has been selected as a COPC. 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEMUL CONCERN - MlGRAllON PATHWAYS FROM SURFACEISUBSURFACE SOIL 
SWMU 4. MccoMlsn GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Scmarb llmehmme: Futun 
W l u m :  So11 

Mlnlmum Maximum 

I I I I I I I I I I I I I I I 
VOLATILE ORGANICS 



TABLE 4-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEMUL CONCERN - MIGRATION PATHWAYS FROM SURFACWSUBSURFACE SOIL 
SWMU 4, McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

EQQtnQm -: 
1 Only lhe ollginel of dupllcte samples was considered for COPC selection. The duplicate was used for quality control purposes only. ARAWTBC = Applicable or relevant and appropriate requiremenVto be considered. 
2 Values presented are samplespecnlc quanPaUon Ilmb. CAS = Chemlcal abstract selvices. 
3 The maximum detected mneentration Is used forsaeenlng purposes. C = Carclnogen. 
4 To detemlne whether metal wncantrations were m l n  background levels, soil wncentraUons were COPC = Chemlcal of potential concern. 

mmpamd to Basawide bnckgmund data presented In lhe Basewlde Background Sol1 Investigation Report IDEM = Indiana Department of Environmental Management, Risk Integrated System of 
(TINUS, Inc.. January 2001) by means of lhe WUmxon RankSum Test. If the Wllwxon Test Closun, (RISC) residential levels for migration from soil to ground water (IDEM, July 2001). 
determined h t  a eonsUtuent cmcantratlon was no1 slgnnlcanty 'ffemnt f m  background, that J = EsUmated value. 

chenddmsndw~asaCOPC. N = Noncardnogen. 
5 Soil Scmenlng Quldanca: Technical Backgmund Document. (U.S. EPA, May 1986). The mlgraUon lo NA = Not appllcabldnot available. 

groundwater value repree9nb a dllutlon and attenuaUon factor (DAF) of 1. meq/100 g = MiUlequivalent per 100 grams. 
6 Resldentlal levels for migration fmm sol1 to groundwater (IDEM. July 2001). S.U. =Standard unlts. 
7 The chemical Is selected a6 aCOPC If lhe mardmum detected wncentratlon exceeds any screening level. sat = Soli saturation concentration. 
6 Naphlhalene Is used a6 a sumgate fcf 2-methylnaphlhaIWIe. 
9 AcenaphMne la used a6 a sumgate for acenaphVlylene. 
10 Pyrene Is used as a surmgate for benro(g,h,l)perylene and phenanlhrene. For Selecllon as a COPC: 
11 Alpha-BHC is used as a sumgate for delta-BHC. ASL = Above COPC screening IeveVARAWTBC. 
12 Endosunan Is used as a surrogate for Endosulfan I. 

BKG = WiWn background levels. 
r\ladl.dsvnp*l: BSL = Below COPC screening IeveVARAWTBC. 

O~SBOPW~ o(s831m O(SBOBOD]? (YSBIIWIO FITX = NO toxicity Infomaiton. 
DLSBOOOla OLEB)IOI@ olsaaoim ~ ~ ~ a n u  NUT = Essenllal nutrlent. 
w1m O ( S B O r m m o l S B m m ? o c s 8 m o m s  

w1w1a o(sBm01m 01S83fll02 OlSBmOUYl 
W11m O c s s m m n o l s a r n m ~  Shaded cells Indicate that the specified cnterlon or background level has been exceeded or that the chemical has been selected as a COPC. 
(YSB1101a w m t m  olsaaoim D~SBO~OW~ 

ocssozmm OISBOUXD? w1m - 
O1SSOZOla OISBOU)lm 0(S8(8102 OlSBDTeYR 

0*EBID1110 01SBOYm2 ocssolm -10 

D ( S B 1 m  O(SBOMm ~ l m m  DISB1ZwlO 

Scenario Tlmeframe: Future 
W l u m :  Sd l  
Exposum W l u m :  SurfscdSubsurfce Soll 
Exposure Pdnt: SurfacdSubaurface Sol1 

7440-62-2 IVANAOIUM 1 9.4 1 1 22.2 1 I m@kg 1 04SB090002 1 26/26 1 - 1 22.2 1 Yes 1 300 IN I NA I N A 1 No I BSL 
7440-66-6 [ZINC 1 24.2 1 1 296 1 mgiks I ~ 4 ~ ~ 1 0 0 0 0 2  1 26/26 1 - 1 296 1 Yes 1 620 IN I NA I 14000 I No I BSL 
MISCELLANEOUSPARAMEERS 

57-12-5 
meqll00 g 

mgkg 
S.U. 

mdkq 

CATION EXCHANGE CAPACITY 
CYANIDE 
PH 
TOTAL ORGANIC CARBON 

2.8 
1.3 
5.2 

1200 

0450070002 
D4SS010002 
O4SBO10204 
04SB010204 

616 
2/26 
6/6 
516 

N A 
N A 
N A 
N A 

J 
J 

- 
0.6 - 1 - 

10000 - 10000 

N A 
N A 
N A 
N A 

J 

13 
37 
7.1 

7500 

13 
37 
7.1 

7500 

N A 
N A 
N A 
N A 

N A 
150 
N A 
N A 

No 
No 
No 
No 

NTX 
BSL 
NTX 
NTX 



TABLE 4-18 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENML CONCERN - GROUND WATER 
SWMU 4 - McCOMlW DORDE 

NSWC CRANE. CRANE, INDIANA 

Smnulo Tlmefnme: Future 
Mdlum: Groundwater 
Expaurn Mdlum: Gmundwabr 
Expo8ure Polnl: Ent ln Slte 

Minlmum Maxlmum I CAS NumbuI Cbml r *  

I 
SEMIVOLATILE ORGANICS 
117-81-7 BIS(2-NYLHEXn)PHTHALATE 1 2 

2 
I I I I I I 
INORGANICS 

I I I 
FILTERED METALS 

7440-70-2 CALCIUM, FILTERED 

7438888 IRON. FILTERED 

7-054 MAGNESIUM. FILTERED 8680 6680 

D s W o n  Rlsk-Baaed RaUonele for Conmntntlon "pgradknt COPC COPC ~onlsmlnant unlb ofMulmum Frequency RMge of U d  for 
Concentration -PIe Scrmlng 

I*) Nondet.cts'n ~craen~n~i'] Concentration (4) Value Source -9 
bvel,sl 

Or 

~e~ectlon"' 

MGWTmOl 118 2 2 N A 4.8 C 6 FED-MCL No BSL 
6 IDEM 

p 111 - 0.44 N A -C 50 FED-MCL - 6 

50 IDEM 
p@ MOWT0201-F 111 - 24.1 N A 280 N MOa FED-MCL No BSL 

20M) IDEM 
ULlA 04GWT0201-F 111 - 29BM) N A N A NA FED-AL No NUT 

N A IDEM 
M O ~ O Z O l - F  111 - 121 N A 1100 N 300(7) FED-MCL No BSL 

IDEM 
MOWT0201-F 111 - 6680 N A N A NA FED-MCL No NUT 

E2atww 
I OW me or tg ld of dupllcte samples was cwrsldered for COPC selection.  he drpllcate was used for quality control purpmea only. 
2 Vsluss presented are sampleapeclfc quanUEation Ilmlts. 
3 The~undelecW-bahburedfwuxeenlngpuposes. 
4 To doraminn whsmer metd c u w m a t l a a  wme wWn -rand lev& mardmun ground water c m m o a t l m  were 

u rnpard  Io mncenmtlm In w laden t  ground water sample WGWOIOI. If ha -baW~ in ha slte groundwater 
ccmemation WIU less than ha wradlent comamatlon, that metal was rmt selcted as a COPC. 

5 The fbk-bawd COPC acrwnlng levd for tap warn use Is presented. The value Is based on a 
target hazard quolent of 0.1 for noncardnogens (denoted wlth a 'N' Rag) or an Incremental camm 
rlsk of 1E8 f u  carclncgem (denoted wlth a 'C' flag) (U.S. EP4 Rqlon 8. October MOa). 

6 lha chemlcsl b wlectsd as a U)PC H ha m a r d m  detecld carsnlration exceed3 ha rlsk-based 
COPC sueenlng level andlw an ARAWBC(s). 

7 Seamjay MCL, based on aeathellc water qusllty (1.e.. color, odor. taste, et.). 

Peflnlnons: 
ARAFVTEIC = Applicable w relevant and appropriate requirement'lo be considered. 
C = Carclncgen. 
CAS - Chemlcd abstract service. 
COPC = Chemld of potentla1 concern. 
J = Wmaed Value. 
N = Noncsrclncgen. 
NA = Not snalyred I not applicable. 
ND =Not tletected. 
FED-MCL - Federal Maxlmum Contamlnant Lewd (U.S. EPA. 2000). 
IDEM =Indiana Deparlment d Envlronmenlel Management. Risk Integrated System of 

Closure (RISC) resldenltal clmure levels for groundwater (IDEM, July 2001). 

Baummaw 
For Selection as a COPC: 

ASL = Above COPC suwnlng IeveVARARITBC 

For Ellmlnatlon as a COPC: 
BKG - Wlmn background levels. 
BSL Wow COPC screening IeveVARAIWBC. 
NIX = NO to&lty Information. 
NUT EssenUal nMlenL 

\ 
"haded cells Indicate mat the specified crlterlm w background level has bwn exceeded or that me chemlcal has been se' f COP 

p" 



OCCURRENCE, DISTRIBUTION. AND SUECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 4 - McCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

scennrlo Tlmefmme: currenVFuture 
Medlum: Surface Water 
Exposum Medlum: Surface Water 
Exposure Point: EnUm SiW 



TABLE 4-17 

OCCURRENCk DISTRIBUTION. AND SELECIWN OF CHEMICALI) OF P O T E M U  CONCERN - SURFACE WATER 
SWMU 4 - McCOMBH GORGE 

NSWC CUE, CRANE. INDIANA 
PAGE 2 OF 2 

I 

E!aaMlw 
1 Only me or!.~Inal of dupllcte samples was consldered for W P C  selecllon. The duplicate was rrrad for quallty control purposes only. 
2 Valuss prssented are samplespeclfk quanUtaUon Ilmlts. 
3 The &mum detected WncenbaUon Is used fw screening purposes. 
4 TO detemne whether mew wncenbaUons were wlthln background levels, &mum surlace water concentranom were 

compared to concentrauow In uwradlent surlace water samplo WSWOIOI. If the comentraUon In the slle surface water 
comentraum was less than me upgradlent mentratlon, that mew was not sekted as a COPC. 

5 The rW-based COPC screenlng level for tap water use ls prewnted. The value Is based on a 
target haznrd quoUent of 0.1 for noncarcinoqew (denoted w%h a 'N' Wg) or an IIncremenW cancer 
rlsk of I E ~  for uuclnooew (denoted wi!h a 'C nag) (u.S. EP4 Reglon 9. October 2000). 

6 me chemkd tr, ~ e c t e d  as a OOPC tf me &mum detected ComenbaUon meeds me rlsk-based 
COPC screenlng ~evd andlor an AW\MWs) .  

7 Secondary MCL based on aeslhetk water quallty (1.e.. color, odor, taste, eQ.). 

PellalllPns: 
APAMBC = Applkable or relevant and appropriate requlremenVto be consldered. 
C = Carclnoqen. 
CAS = Chemkal abstract servkes. 
W P C  =Chemical of potentu comern. 
J - Esnmated value. 
N r NOMWChOgBn. 
NA - Not a d y z d n o t  applkable. 
ND = Not detected 
FEDAL - Federal adan level (U.S. EP4 2000). 
FEDMCL I Federal Maxlmum Contaminant Level (U.S. EPA. 2000). 
IDEM - lndana Department of EnvlronmenW Management. Rlsk Integrated System of 

Closure (RISC) resldenUal closure levels for groundwater (IDEM. July 2001). 

Rationale: 
For Selecuon as a COPC: 

ASL - Above COPC bcreenlng IeveVARAWTBC. 
For EllmlnaUon as a COPC: 

BKQ = wlmln background levels. 
BSL = Below W P C  screenlng IeveVAPAWTBC. 
ND( = No toxicity Information. 
NUT = EssentIaI nutrient. 

ShaOed cells Inmate that the specified crlterlon or background level has been anceeded or that the chemkal has been selected as a COPC 



TABLE 4-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WlTH SEDIMENT 
S W U  4, McCOMlSH GORGE 

NSWC CRANE, CRAN+ INDIANA 
PAGE 1 OF 2 

S c e ~ r l o  Tlmetrame: CurrentlFuhlra 
Medium: Soll 
Exposun Medlum: Sediment 
Expoaun Polnt: Sedlment 

HERBICIDES 
187-86-5 IPENTACHLOROPHENOL 1 0.002 1 J 1 0.002 1 J I m(llk!ll 04SM)60006 I 115 1 0.0084- 0.0093 1 0.002 1 N A 1 3 C 1 20 1 IDEM I No BSL I 
INORGANICS 

MISCELLANEOUS PARAMETERS 
ITOTAL ORGANIC CARBON I 5800 I 1 19000 1 1 m g l k ~ l  04SD040006 1 515 1 - 1 19000 1 6700 I NA I NA I IDEM I No 1 NTX I 

CAS 
Numbar 

VOLATILE ORGANICS 
7509-2 b.Ell-MENE CHLORIDE I 0.004 I J I 0.008 I J llWk!ll 04SD0300061 3/5 1 0.004 1 0.008 1 N A 1 8.9 C 1 120 1 IDEM I NO I BSL 
SEMIVOLATILE ORGANICS 

Chemlcal 
Mlnlmum 

  on cent ration 
(1) 

:$: 
Uarimum 

~ o n c a n t r a ~ o n  
(1 

UnIta 
LocaUon of 
Waxlmum 

Conuntration 

Detection 

Fy;ncy 
Range 

(2) 

Comnbat ion  
Used lor 

~ c r e e n ~ n g  (3) 

Upgradient 
Sample 

concentration (4) 
S c r C O ~ ~ L a C L a v e l  

(5) 

Potentlal 
ARAWBC 

Value 

Potential 
ARARITBC 

Source 
C::: 

Rationale lor 

'g,"tI",;Et 
SelecUon (6) 



TABLE 4-18 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTEhTlAL CONCERN - DIRECT COMACT WTH SWIMEhT 
SWMU 4, McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

EM1MfB(L: 
1 Only the original of dupllcte samples wan considered for COPC selection. Tne duplicate was used for quallty control purposes only. 
2 Values presented are sample-speclc quantitation llmits. 
3 The maxlmum detected concentration L8 used for screenlng purposes. 
4 To determlne whemer metal concentraUons were within background levels, maximum sedlment wncentraUons were 

compared to mcentratlons h upgradlent sedlment sample WSW1. If the concentration In the slte sediment 
wncentrabn was lw than me upgradient concentration, that metal was not selcted as a COPC. 

5 The fbk-based dl COPC screenlng level for resldentlal land use h, presented. The value h, based on a 
target Hazard Quotient of 0.1 for noncarctnogens (denoted with a 'N' flag) or an Incremental cancer 
fbk of 1E-6 for carcinogens (denoted wlth a 'C' fkg) (U.S. EPA, Re~lon 9. November 2000). 

6 The chemicsl h, 8elected as a COPC If me maximum detected wncentrabn exceeds me fbk-based 
COPC screening level andlor an ARA!MBC(s). 

7 Pyrene h, used as a surrogate for benZo(g,h.l)perylene and phenanthrene. 
8 Hexavalent chromium. 
9 OSWER sol1 screenlng level for reeldenthl land use (U.S. EPA, July 1994). 

PeBaitipnS: 
ARA!MBC =Applicable or relevant and appropriate requirementho be considered. 
C =Carcinogen. 
CAS = Chemlcal abstract sewlces. 
COPC = Chemlcal of potential concern. 
IDEM = lndlana Department of Envlronmental Management. Risk Integrated System of 

Closure (RISC) residential levels for direct contact with soil (IDEM. July 2001). 
J - Estimated value. 
N = Nocarcinogen. 
NA = Not appllcablelnot available. 
sat - Soll saturaUon concentration. 

5aumu&k 
For Selection as a COPC: 
ASL - Above COPC screening IeveVARAMBC. 

BKG = Wnhin background levels. 
BSL - Below COPC screenlng IeveVAqAMBC. 
NTX = No toxldty Information. 
NUT = Essential nutrient. 

Shaded calls indicate lhat the specified critetlon or background level has been exceeded or that the chemical has been selected as a COPC. 



TABLE 4-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

On-Sltel 
On-Site 
On-she 

- On-site 

On-site 

On-site 

On-site 

On-site ' 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

Receptor 
Age 

Adolescent 

Adult 

Adult and 
Adolescent 
Adult and 

Adolescent 

Adolescent 

Adult 

Adult and 
Adolescent 
Adolescent 

Adult 

Aduil and 
Adolescent 

Type of 
Analysis 
Quant(2) 

Quant 

None 

None 

Qual(3) 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

Quant 

Quant 
, 

None 

None 

None 

Exposure 
Route 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

lngestion 

Dermal 

inhalation 

Exposure Polnt 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 
Surficial Aquifer 

On-Site Streams, Ponded 
Water and Draingewayr 

On-Site Streams, Ponded 
Water and Draingeways 

On-Sie Streams, Ponded 
Water and Draingeways 

Vapors and Particulates In 
Air - Entire SRe 

Madlum 
Surface Soil 

Air 

GroundwaterIAir 

Surface Water 

Air 

Sediment 

Air 

Scenario 
Tlmetrame 

CurrentIFuture 

Rstlonaie tor Selection or Exclusion of Exposure Pathway 

Ailhough m e s s  to the base is controlled, once Inside the base, access to the 
study areas Is not limited by any physical constralnts. 
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 simiiar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated rlsks for the adolescent 
trespasser. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. €PA 
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 iand use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

Direct contact with groundwater does not cnxur 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 llmited by any physical constrainls. 
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 simiiar to adolescent trespassers. Risks for 
thls receptor will be inferred uslng the calculated rlsks for the adolescent 
trespasser. 
Potential rlsks are assumed to be simiiar to adolescent trespassers. Risks for 
thls receptor will be inferred using the calculated risks for the adolescent 
trespasser. 
Minimal expasure to vapors emitted from surface water is anticipated (i.e., so 
low such 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 Me base is controlled, once inside Me base, access to the 
study areas Is not limited by any physical constralnts. 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calcuiated risks for the adolescent 
trespasser. 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
thls receptor will be Inferred using the calculated risks for the adolescent 
trespasser. 
Minlmai exposure is anticipated (i.e., so low such that it is not worth 
quantifying). 

Receptor Population 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Medium 

Surface Soil(1) 

Groundwater 

Surface Water 

Sediment 



TABLE 4-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
. PAGE 2 OF 3 

Rationale for &lsctlon or Excluslon of Exposure Pathway 

Excavation/construction activities may occur at the site in the future. 

Excavation/construction activlties may occur at the site In the future. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs for transfers from soil to air. 
Although maintenance activities are not currently performed on the site, 
activities, such as groundkeeping, may occur in the future. 
Although maintenance activities are not currently performed on the site. 
activities, such as groun'dkeeping, may occur in the future. 

rat  the site and workers may be 

I I I I Water and Draingeways I Maintenance Workers I I I I I I 

Scenario 
Tlmeframe 

Future 

Receptor 
Age 
Aduh 

Adult 

Adult 

Exposum 
Route 

ingestion 

Dermal 
Inhalation 

ingestion 

Dermal 

Medium 

Surtacel 
Subsurface Soil 

(5) 

Surface Soil 

Exponun Polnt 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 

Entire Site 

Expoaura 
Medium 
Surface/ 

Subsurface Soil 

Air 

Surface Soil 

On-Sitd 
On-Site 
On-site 

On-site 
On-site 

On-site 

On-site 

Rsceptor Popuiatlon 

ExcavationlConstruction 
Workers 

ExcavationlConstruction 
Workers 

Maintenance Workers 

Typa of 
Analysis 

Quant 

Quant 
Qual 

Quant 

Quant 



TABLE 4-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

F001n01BS: 
1 Surface soil is defined as'soil collected from 0 to 2 feet below ground eurface (bgs). 
2 Quantitative. 
3 Qualitative. 
4 Soil screening levels (U.S. €PA, May 1996). 
5 Surlace/subsurface soil is defined as soil collected from 0 to 10 feet bgs; no exposure to sol1 at depths below 10 feet bgs is anticipated. 

Scenario 
Tlmefrsme 

' 

Sediment 

Exposure 
Medium 

Air 

Sediment 

Air 

Exposure Point 

On-site Streams. Ponded 
Water and Draingeways 

On-site Streams, Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Draingeways 

Rationale tor Selection or Exclusion ot 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 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 tumed into a state park in the future. 
This scenarlo Is evaluated on the assumption that the Facility would close and 
be tumed lnto a state park in the future. 
Although the scenario is unlikely, a residential scenario is included to aid in 
future rlsk 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). 

Minimal exposure is anticipated (i.e.. so low that it is not worth quantitying). 

Minimal exposure is anticipated (i.e.. so lowthat 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 lnto a state park in the future. 
This scenario is evaluated on the assumption that the Facility would close and 
be turned lnto 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 that it is not worth quantifying). 

Receptor Population 

Workers 
Occupational Workers 

Recreational Users 

Residents 

ExcavatiodConstuctiod 
MaintenancdOccupational 

Workers. Recreational 
Users, and Residents 

ExcavatiodConstruction and 
Maintenance Workers 

Workers 
Occupational Workers 

Recreational Users 

Residents 

Excavation/Constuction/ 
MalntenancdOccupational 

Workers. Recreational 
Users, and Residents 

Receptor 
Age 

Adun 

Adult 

Child and 
Adult 

Child and 
Adun 

Adult 

Adult 

Adult 

Adult and 
Child 

Child and 
Adun 

Exposure 
Route 
Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Inhalation 

Ingestion 

Dermal 
lngestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Inhalation 

On-Sitel 
Off-Slte 
On-site 
On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 
On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

Type of 
Analysis 

None 
None 

None 

Quant 

Quant 

Quant 

Quant 

None 

None ' 

None 
None 

None 

Quant 

Quant 

Quant 

Quant 

None 



TABLE 4-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 

1 The exposure concentration is the 95% upper confidence limit (UCL) based on distribution of the 
data set (best fi of nonnal or lognormal), unless othelm'se 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. 

Chemical of Potential Concern 

METHYLENE CHLORIDE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
INDENO(l,2,3-CD)PYRENE 
DELTA-BHC 
AROCLOR-1254 

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. 

Exposure Point Concentration 

Surface  oil(') 

(msncs) 
0.002 

2.8(3) 
3(3) 

4.8") 
2.2(3) 
NA(~) 
N A 

Surface1 
Subsurface   oil('' 

(msnts) 
0.002481 5 

4.8@) 
4.5(3) 
6.7@) 
3(3) 

0.0023(~) 
0.27 

(msncs) 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

Surface water(') 

OWL) 
NA 
N A 
N A 
N A 
N A 
N A 
N A 

  round water(^) 

NA 
N A 
N A 
N A 
N A 
N A 
N A 



TABLE 4-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Exposure Route 

INCREMENTAL HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsutface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

N A 

1.5E-01 

N A 

N A 

N A 

2.9E-01 

2.7E-02 

N A 

N A 

N A 

N A 

4.7E-01 

Maintenance 
Worker 

N A 

N A 

N A 

2.8E-04 

7.OE-05 

N A 

N A 

N A 

N A 

N A 

N A 

3.5E-04 

Adult 
Recreational User 

N A 

N A 

N A 

6.1 E-04 

9.3E-05 

N A 

N A 

7.7E-03 

2.5E-02 

8.8E-03 

8.7E-03 

5.1 E-02 

Adolescent 
Trespasser 

N A 

N A 

N A 

4.9E-04 

1.4E-04 

N A 

N A 

1.3E-03 

8.4E-03 

7.2E-02 

5.9E-04 

1.8E-02 

Future Adult 
Resident 

4.1 E+OO 

3.1 E-01 

N A 

4.1 E-03 

6.3E-04 

N A 

N A 

5.2E-02 

1.7E-01 

5.9E-02 

2.6E-03 

4.7E+00 

Future Child 
Resident 

1.5E+01 

9.1 E-01 

N A 

3.8E-02 

2.9E-03 

N A 

N A 

4.9E-02 

1.7E-01 

5.5E-01 

1.2E-02 

1.6E+01 



TABLE 4-21 

CUMULATIVE RlSK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE,,CRANE, INDIANA 
PAGE 2 OF2 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G.4. 

Adolescent 
Trespasser 

N A 

N A 

N A 

7.6E-07 

7.5E-07 

N A 

N A 

1.4E-08 

5.4E-09 

1.8E-07 

4.2E-08 

1.8E-06 

INCREMENTAL CANCER RlSK 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

Maintenance 
Worker 

N A 

N A 

N A 

9.8E-07 

8.4E-07 

N A 

N A 

N A 

N A 

N A 

N A 

1.8E-06 

Construction 
Worker 

N A 

5.3E-09 

N A 

N A 

N A 

2.2E-06 

8.8E-07 

N A 

N A 

N A 

N A 

3.1 E-06 

Future Adult 
Resident 
5.1 E-05 

2.6E-07 

N A 

1.4E-05 

7.2E-06 

N A 

N A 

1.3E-06 

2.3E-07 

3.3E-06 

4.OE-07 

7.7E-05 

Adult 
Recreational User 

N A 

N A 

N A 

2.5E-06 

1.3E-06 

N A 

N A 

2.4E-07 

4.3E-08 

6.1 E-07 

1.7E-06 

6.4E-06 

Future Child 
Resident 
4.4E-05 

2.OE-07 

N A 

3.2E-05 

8.3E-06 

N A 

N A 

3.OE-07 

5.9E-08 

7.7E-06 

4.6E-07 

9.3E-05 



TABLE 4-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Inhalation of Volatiles from 
Groundwater While Showering I NA I NA I NA I NA ( NA I NA I 

Exposure Route 
Adult 

Recreational User 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Construction 
Worker 

Dermal Contact with Sediment 

Total Hazard: 

Maintenance 
Worker 

Adolescent 
Trespasser 

N A 

N A 

1.5E-01 

7.7E-03 

N A 

N A 

N A 

N A 

9.5E-02 

N A 

2.5E-01 

Future Adult 
Resident 

7.OE-05 

3.5E-06 

N A 

N A 

N A 

N A 

N A 

Future Child 
Resident 

N A 

7.3E-05 

N A 

N A 

1.5E-04 

5.7E-06 

N A 

N A 

1.9E-03 

6.2E-03 

2.2E-03 

2.9E+00 

1.3E-01 

8.7E-04 

1.1 E-02 

6.4E+00 

3.OE-01 

NA 

N A 

1.2E-04 

1.2E-05 

N A 

N A 

3.2E-04 

1.7E-03 

1.8E-03 

N A 

N A 

4.8E-05 

4.OE-03 

2.OE-03 

7.7E-05 

N A 

N A 

1.7E-02 

5.5E-02 

2.OE-02 

1.3E-02 

3.4E-04 

N A 

N A 

1.6E-02 

5.OE-02 

1.9E-01 

2.2E-04 

3.1 E+OO 

1.4E-03 

7.OE+00 



TABLE 4-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 4 - McCOMlSH GORGE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

INCREMENTAL CANCER RISK . . 

I I . ! .  I Maintenance Adult I Adolescent I Future Adult ( Future Child I I I "~l~,",~~on 
Exposure Route I 

vvurne~ Worker 

, 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G.4. 

Recreational User 
N A 

N A 

Ingestion of Groundwater 
Dermal Contact with 

Dermal Contact with Sediment 

Total Risk: 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Trespasser 
N A 

N A N A 

N A 
n r r  n m  

N A 

1.3E-06 

N A 

N A 

N A 

N A 

1 .I E-06 

2.5E-07 

N A 

N A 

N A 

Resident 
1 .OE-05 

3.3E-08 

N A 

1 .OE-07 

Resident 
6.5E-06 

2.1 E-08 

N A 

8.8E-08 

1.5E-08 

N A 

N A 

N A 

N A 

N A 

5.OE-08 

3.3E-07 

N A 

1.9E-07 

2.5E-08 

N A 

N A 

1.8E-08 

3.2E-09 

4.6E-08 

3.4E-09 

3.OE-07 

N A 

1.9E-07 

6.1 E-08 

N A 

N A 

3.5E-09 

1.1 E-09 

4.6E-08 

9.7E-09 

1.3E-05 

N A 

2.OE-06 

2.6E-07 

N A 

N A 

1.2E-07 

2.2E-08 

3.2E-07 

1.8E-08 

1.1 E-05 

N A 

3.6E-06 

3.2E-07 

N A 

N A 

3.3E-08 

5.8E-09 

8.6E-07 



TABLE 4-23 

SUMMARY OF CONCLUSIONS 
HUMAN HEALTH RISK ASSESSMENT 

SWMU 4 - MCCOMISH GORGE 
NSWC CRANE, CRANE, INDIANA 

I Chemical of concern(') I Impact on Human ~ e c e p k r s  I Comments I 

(~esidential ILCR = 6.1 E-5. lin the U.S. 
" 

SURFACEISUBSURFACE SOlL 
IRisks calculated for the construction worker (under future land use) are 

I I 
SURFACE SOlL 

PAHs 

PAHs 

GROUND WATER 

Arsenic 

I Arsenic 

Maintenance Worker ILCR = 1.8E-6, 
Recreational User ILCR = 3.9E-6, 
Trespasser ILCR = 1.5E-6. 

I Ito the concentrations in the upqradient well. 

Risks calculated for receptors under current land use are within the EPA's 
target risk range. Total risks from PAHs in soil are less than 1 .OE-4 for all 
rece~tors. Concentrations of PAHs in soil are within levels occurrlna in soil 

Construction Worker ILCR = 2.6E-6 

Adult resident HQ = 0.33; 
Child resident HQ = 1.2, 
Residential ILCR = 9.6E-5 

Iron 

within the EPA's target risk range. Concentrations of PAHs in soil are 
within levels occurring in soil in the U.S. 

Risks for arsenic are based on the hypothetical future residential use of 
groundwater. The maximum concentration in ground water (3.6 pg/L) is les: 
than the current (50 pgL) and recently proposed (10 pg/L) MCLs. In 
addition, the concentrations of arsenic in groundwater samples are similar 

Residential ILCR = 1.9E-6 

I I lrange for all receptors. I 

Adult resident HQ = 1.5, 
Child resident HQ = 5.3 

Risks (>1 .OE-6) for arsenic in surface water are based on a very 
conservative future residential land use scenario. Although the maximum 
concentration exceeded the concentration in the upgradient sample, the 
average concentration of arsenic is equal to the concentration in the 
upgradient sample. Risks from exposure to surface water are less than or 
within the U.S. EPA's target risk range for ail receptors. 

Recreational User ILCR = 2.3E-6, 
Residential ILCR = 1.2E-5 

HQ Hazard Quotient. 
ILCR Incremental Ufetime Cancer Risk 
1 Anycarcinogenic chemlcal with a ILCR of greater than 1 .OE-6 or a noncarcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1 .O. 

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 recommended daily allowances. 

Manganese 

Risks (>1 .OE-6) for arsenic in sediment are based on future land use 
scenarios. Although the maximum concentration (4.7 m@g) exceeded the 
concentratlon in the upgradient sample, the concentrations of arsenic in 
sediment are within naturally occurring levels in soil at the Base. Risks from 
exposure to sediment are less than or within the U.S. EPA's target risk 

SURFACE WATER 
I I 

Adult resident HQ = 2.6, 
Child resident HQ = 8.9 

Risks for manganese are based on the hypothetical future residential use of 
ground water. 



ECOLOGlCbL RISK SCREENING - SURFACE SOIL 
S W U  4 - UCCOUISH GORGE 

NSWC CRANE, W E .  INDUW 

' Chamlul 

ASL 
BSL 

I I I I I I I I I I I 
Voldlb Org ln lu  (rnglko) 

S W  nnn I tdates t h l  utnw roa d a d a d  M a COPC. Sh.dsd vsl- lndlclle t h l  (he &e mnun(mtlon(8) eercbeQ (hh pencular crllerlon. 
ma w a  cnly ~dudr puMlaen t t ~ ~  wsrs dataead In -la l ~ p l e s  (n .~p l~uble) .  

F n q u m y  of 
M o n  0 )  

1 ~ u * d d n l d d r p l l u l e P n p l e s u ~ ( a C O X r s l e d l o n .  T h o d @ k d * r o a u r d l a W H ~ ~ p r p c r s W .  
2 Tho &mum da(0d.d m n c ~ m l l o n  u uwd for ursnlrq plrpoees 

COPC - Chemical of polerdhl conoem. 
tiA - Nd avallable. 

Ulnlrnurn C o n a n t d o n  
m 

WSB1201M 
WSBM0102 
WSB120102 
0 4 ~ ~ 0 9 0 1 m  

O.M)19 
0.0115 
0.W19 
0 . ~ 2 8  

1,1,1-TRICHLORONANE 
ACETONE 
MmFlLENE CHLORIDE 
XILENES. TOTAL 

6- 
ASL - Above COPC rcreenlng level. 
NTX - No toxlcny lntmatlon avallable 

For Ellmlntlon u a COX.  
BKG - Below l l le b.ckgmurd levels 
BSL - b l o w  COPC Preenlno level. 

UuJmurn 
~ o n a n t n t l o n  

- - - 
- 

1/14 
1114 
1114 
4/14 

Of 

29.8 
2.5 
4.05 
10 

0.008 J 
0.043 
0.004 J 
0.004 

0 . m  J 
0.043 
0 .W J 
0 . m  

Av-b of UI 
~..ulll 

O.WO 
0.017 

0.00099 
o.oooeo 

Bukgmund 
S-nI.0 Qw&n(m 
bvd " 

No 
No 
No 
NO 

BSL 
BSL 
BSL 
BSL 

COPC 
~ h g "  

R.Uondb tor 
ConbmlnMl 
-onor 
6.1.c(lonm 



TABLE 4-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWYU 4-  YCCOYISH GORGE 

NSWC C W E .  C W +  INMANA 
PAGE 2 OF 2 

MSB010002 04SB040102 04SBo8Ow2 WSBllOla2 Background Samples Low(snda 
MSBOlOla2 0 4 S B 0 5 W  04SB0801M 04SB120002 

Background Samples Highlends 

MSBQ20002 04SB050102 04SBo8oom WSBl20102 BGlSBAOlOl BGlSBP0801 BG3SBMWOl BGlSBLOlOl 
MSB020102 OISBOBOOm 04SB080102 (YSSOlooM BGlSBA(YO1 BGISBPOgOl BG3SBMWI BGISBL0501 
MSBM0002 04SB060102 04SBl00002 (YSSO10102 BGlSBPWOl BG3SBAO101-MAX B03SBM080l BG2SBG0101 
w ~ m ~ l m  0 4 ~ ~ 0 7 ~ 0 ~  0 4 ~ ~ 1 0 0 1 0 ~  O ~ S S ~ C ~ W  BGlSBP0801 MAX BG3SBA0301 BWSBM0701 BGZSBGU201 
MSB040002 04SB070102 04SB110002 04SS020102 BGlSBW701 BWSBAOMl BG3SBMWl BG2SBGC-401-MAX 



TABLE 4-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
S W U  4 - MCCOMSH GORGE 

NSWC CRANE, CRANE, INDIANA 

Chemlcal 

I I I I I I I I I I I I 
.Volatile Organics (mglkg) 
IMETHYLENECHLORIDE I 315 I 0.004 J I 0.008 J I 04~~030006 1 0.0042 1 4 J I 1.26 I 0.01 I NO I BSL I 

Miscellaneous Parametem (mglkg) 
 TOTALO ORGANIC CARBON 1 515 1 5800 1 19000 I 04SD040006 1 11760 1 6700 I N A I N A . I N 0 I  NT I 

Frequency 
of Detection 

(11 

Shaded name indkates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this partkular criterion. 
The table only Includes parameters that were detected In downgradient samples (H applicable). 
F001n01BS: 
1 Only the orlginal of duplicate samples was considered for COPC seWon. The duplicate was used for quality control purposes only. 6 
2 The maxlmum detected wncentratlon was used for screening purposes. For Selection as a COPC: 
3 Location of upgradlent sample was 04SW10006 ASL = Above COPC screening level. 
4 As presented in Table 3-15, NTX I No tox~cty information available 
5 Refer to Section 3.4.5 for ecological effects quotient calculation. 

For Elimination as a COPC: 
BKG - Below site background level. 
BSL = Below COPC screening level. 

COPC = Chemlcal ol Potential Concern. NT = Nontoxic. 
NA = Not Available. 

Minimum 
Concentration 

(11 

Mulmurn 
Conmntratbn 

(1~1) 

L ~ ~ ~ ~ ~ t  
  on cent ration 

A*Vwge Of 

'I' Rmulta 

Upgradlent 
Sample 

~~~~~~~~~~~m 

Sediment COPC 
Screening 

Level(4~ 

Ecological 
Effects 

Qwtient (0 

COpC 
Flag " 

Ratl0Mb for 
ContamlMnt 

Or 

~e~ection"' 



TABLE 4-26 

ECOLOGICAL RISK SCREENING - SURFACE WATER 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 

Frequency Mlnlmum Maxlmum Surface Ratlonale for 

Chemical of Detection Conmntratlon Conmntratlon 
(1) (1) rnz) ~uot len t  Flag "' Deletlon or 

Levelm ~electionl" 

Shaded name Indicates that constituent was selected as a COPC. Shaded values indicate that the sRe concentration(s) exceeds this particular criterion. 
The table only includes parameters that were detected in downgradient samples (if applicable). 
Fodnotes: 
1 Only the original of duplicate samples was considered for COPC selection. The duplicate was used for quality control purposes only. 
2 The maximum detected concentration was used for screening plrposes. 
3 Location of upgradient sample was 04SW0101 
4 As presented In Tabb 3-15. 
5 Refer to Section 3.4.5 for ecological effects quotient calculation. 

COPC = Chemical of Potential Concern 
NA = Not Available 

6 Rationale Code% 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX = No toxiaicny lnformatlon available. 

For Elimination as a COPC: 
BKG =Below site background level. 
BSL = Below COPC screening level. 
NT = Nmtoxlc. 



TABLE 4-27 

CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 

Pesticides 
I ~ , ~ ' - D D T  I I I X I 

Parameter 

Herbicides 
2,4-D I I 1 X 
Pentachlorophenol X 

Media 
Surface Water I Sediment I Surface Soil 

lnoraanics 

Semi-Volatiles 

COPCs retained in surface water and sediment were used to evaluate potential 
risk to piscivorous receptors. 

Benzo(a)anthracene 
Benzo(a)pyrene 
Dibenzo(a, h)anthracene 
Pyrene 

Cadmium 
Copper 
Zinc 

COPCs retained in surface soil were used to evaluate potential risk to terrestrial 
wildlife. 

X 
X 
X 

X 
X 
X 
X 

X 



TABLE 4-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 4 - MCCOMISH GORGE 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Chemical of 
Potential Concern 

(COPC) 

Semivolatile Organics 

lnoraanics 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Benzo(a)pyrene 

Pesticides 

Cadmium 1 411 4 

Retained 
as a 

COPC? Other Step 3a Factors Considered in  valuation(^) 

Frequency 
of 

Detection 

4,4'-DDT 

Copper 1 1411 4 

Maximum 
Detected 

Concentration 
(mg/kg) 

211 4 

211 4 

Maximum detection is less than the Eco-SSLs. 
Maximum detection is less than the Canadian SQG and 
ORNL benchmarks. 
Only one sample greater than background range - presence 

1.52 3 

N A N A N A 

NA N A 11 

unlikely due to site activities. 
Maximum detection bounded by other samples with non-detects 

Screening 
Level 

(mg/kg) 

0.1 1 

of cyanide. 
Most of area bounding the maximum detection is vegetated and 
does not appear to be impacted. 
Uncertainty in chemical form of cyanide at the site - Canadian SQG 
is based on free form. 
Maximum detection is slightly greater than ORNL plant benchmark. 
Area with maximum detection is heavily vegetated; significant 
impacts to plants are not apparent. 
Maximum detection is well below ORNL benchmark for microorganisms 
which have shown similar sensitivities to metals as earthworms. 
Tin only detected in 1 sample; area of potential contamination is well 

bounded. 
Only the maximum detection is greater than the Canadian SQG. 
Area around the maximum detection is small and vegetated. 

N A 

3 

Acceptable 

Maximum 
EEQ(') 

0.01 75 

Acceptable 

0.7 N A 1.97 

N A 

6 

Acceptable 

Number of 
Samples > 
Screening 

6.3 

Acceptable 

N A 1 

- Maximum detection is much lower than NOEC (100 mglkg) for 
earthworms. 

- Site is heavily vegetated. 2,4-D does not appear to be 
to be impacting plants. 

- Maximum detection is much lower than the Canadian SQG 
and ORNL benchmarks. 

DECEMBER 2004 

- V.",.. V.. -.-. UU..V.. 

Alternate Benchmarks 

N A - Only one sample detection greater than the Canadian SQG 
but detection only represents a small area. 

- Area with maximum detection is heavily vegetated and does 
not appear to be impacted. 

1 

Acceptable 

Acceptable 

Eco-SSL 

N A 

NA 

No 

No 

canadian 
SQG(~) Plant 

Acceptable 

N A 

Earthworm 

No 

N A 

. ORNL ~enchmarks(~) 

N A 

Plant 

12 - Maximum detection is much lower than the Canadian SQG. 
- The presence of 4,4'-DDT is likely due to topical applications 

during routine insect control measures - not related to site 
disposal activities. 

Earthworm 

Acceptable No 



TABLE 4-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 4 - MCCOMISH GORGE 
NSWC CRANE 

CRANE, INDIANA 
PAGE2 OF2  

Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greate;than the screening level. 
3 Canadian and ORNL benchmarks were used only in the absence of Eco-SSLs. 
4 See Section 4.7.6.1.1 for a more detailed Step 3a evaluation. 
5 ORNL benchmark in earthworm column for tin is based on microorganisms. 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
SQG = Soil Quality Guideline 
Eco-SSL = U.S. EPA Ecological Soil Screening Level 
ORNL = Oak Ridge National Laboratory 
NOEC = No Observed Effect Concentration 

DECEMBER 2004 



TABLE 4-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC INVERTEBRATES 
SEDIMENT COPCs 

SWMU 4 - MCCOMISH GORGE 
NSWC CRANE 

CRANE, INDIANA 

Chemical of Potential 
CXmcern (COPC) 

lnorganics 

Maximum 
Detected 

Concentration 
(mglkg) 

Frequency 
of 

Detection 

Aluminum 

Antimony 

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 4.7.6.1.2 for a more detailed Step 3a Evaluation. 
4 Value in Consensus based TEC column for aluminum is threshold effects level from Buchman (1999) 

Barium 

l ron 

Manganese 

Vanadium 

Screening 
Level 

(mg/kg) 

Semivolatile Organics 

515 

115 

Benzo(a)anthracene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Pyrene 
Total PAHs 

I NA 

NA 

I 48 

1.1 I N A 

515 

515 

515 

515 

I level below which impacts to sediment invertebrates are not expected. 
NA I- Maximum detection is less than LEL which is a lower-effects 

Maximum 
EEQ(') 

415 
415 
215 
415 
N A 

6,820 - Maximum detection is less than TEL which is a lower-effects 
level below which impacts to sediment invertebrates are not expected. 

- Maximum detection is less than ER-L which is a lower-effects 
level below which impacts to sediment invertebrates are not expected. 

- Area of maximum detection is small wetland area that provides 
little ecological habitat. 

- Areas with better habitat for aquatic receptors have detected 

NA 

Acceptable - Total PAH concentration is less than TEC. 
- PAHs level in upgradient sample was greater than maximum 
downstream concentrations. 

0.042 
0.047 
0.01 4 
0.07 
0.469 

NA 

334 

12,700 

456 

15.2 

barium concentrations less than the AET: 
- Maximum detection is less than LEL which is a lower-effects 

disposal activities. 
- Maximum detection is less than higher effects level but a lower 
effects level is not available. 

- Range of concentrations in downgradent sample are only slightly 
greater than the concentration in the upgradient sample. 

Number of 
Samples > 
Screening 

~eve l '~ '  

No 

N A 

N A 

N A 

N A 57 

Acceptable 

level below which impacts to sediment invertebrates are not expected. 
- Vanadium in the sediment does not appear to be related to site 

Acceptable 

0.03 
0.03 
0.01 
0.05 
N A 

Acceptable 

Step 3a Evaluation 

2 
2 
2 
1 

N A 

1.32 
1.47 
2.25 
1.32 
N A 

Acceptable 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

Acceptable 

Retained 
as a 

COPC? 
Other Step 3a Factors Considered in  valuation(^) 

Alternate Benchmarks 

N A 
N A 
N A 
N A 
1.61 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
TEC = Threshold Effect Concentration 
ER-L = Effects Range-Low 
LEL = Lowest Effects Level 
AET = Apparent Effects Threshold 

Consensus- 
based TEC 

DECEMBER 2004 

ER-L 

NA 
NA 
NA 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

Canadian 
LEL AET 



TABLE 4-30 

COMPARISON OF COPCS IN SURFACE WATER TO EDQLS AND ALTERNATE BENCHMARKS 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE 
CRANE, INDIANA 

Chemical of Potential 
Concern (COPC) 

lnorganics 

Frequency 
of 

Detection 

Aluminum (filtered) 

Manganese 

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 4.7.6.1.3 for a more detailed Step 3a Evaluation. 
4 Tolerance value for manganese in freshwater [U.S. EPA, 1986 (Gold Book)] 

N A Aluminum 

I I I I 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Maximum 
Detected 

Concentration 

(ug/L) 

114 

414 

Manganese (filtered) I 414 238 

Retained 
as a 

COPC? 

Step 3a Evaluation 

2/4 - Within background concentrations in site soil so it is 
not likely related to site activities. 

- Only detection in filtered sample was in wetland area 
which is a relatively small area. 

NA I N A 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
WQC = U.S. EPA Water Quality Criteria 
ORNL = Oak Ridge National Laboratory 

Screening 
Level 
(u@) 

WQC 

Chronic I Acute 

21 4 

249 - Maximum detection is less than U.S. EPA tolerance 
value from the Gold Book. 

- Downgradient concentrations similar to upgradient 
concentration. 

DECEMBER 2004 

730 Acceptable 

aximum 
EEQ") 

ORNL 

Aquatic 

N A No 

N A 

N A Acceptable 

Number of 
Samples > 
Screening 

~ ~ ~ ~ l ( ~ )  Other Step 3a Factors Considered in   valuation'" 

N A 

N A No 



TABLE 4-31 

SWMU 4 - MCCOMISH GORGE 
TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS - MAXIMUM CONCEHTRATIONS 

lNSECTlVOROUSMERBlVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Notes: 
- Blank spaces indicates 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 - Ecobgicel Efects Quotient 
NOAEL - No Observed Adverse Effects Concentration 
LOAEL - Lowest Obsewed Adverse Effects Concentration 

N. Bobwhite 
Quail 

EEQLOAEL 

Inorganics 

SemCVolatiles 
I bnzo(a)pyrene I 4.0E-02 I 4.OE-03 I 7.9E-01 I 7.9E-02 I 8.6E-01 I 8.6E-M I 1.3E-02 I 1.3E-03 I 
Pesticides 
I~.~' -DDT 1 4.5E-05 1 8.9E-06 1 5.2E-03 1 1 .OE-03 8 8 8 8  
Herbicides 
2,4-D 1 , 2.0E-03 I 4.OE-04 I 3.0E-03 I 5.9E-04 I I I I 
Pentachbrophenol I I I 

Parameter 

Cadmlum 
Copper 
Zinc 

Meadow 
Vole 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQNOAEL 

American 
Robin 

EEQLOAEL 

Meadow 
Vole 

EEQLOAEL 

7.OE-02 
4.9E-03 
1.4E-02 

N. Bobwhite 
Quail 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

7.OE-03 
3.8E-03 
7.OE-03 

6.3E-01 
1.2E-02 
7.2E-02 

American 
Robin 

EEQNOAEL 

6.3E-02 
9.OE-03 
3.6E-02 



TABLE 4-33 

SWMU 4 - MCCOMISH GORGE 
TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS - MAXIMUM CONCENTRATIONS 

PlSClVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Notes: 
- Cells are shaded i f  the EEQ is greater than 1 .O. 
- Bhnk 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 - Ecobgical Effects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

Parameter 
Semi-Volatile. 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
DiBENZO(A,H)ANTHRACENE 
PYRENE 

Raccoon 
NOAEL 

Raccoon 
LOAEL 

Belted Kingfisher 
NOAEL 

Belted Kingfisher 
LOAEL 



TABLE 4-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 04 - MCCOMISH GORGE 

NSWC CRANE 
CRANE, INDIANA 

Footnotes: 
1 - These columns present the Frequency of Detection and concentrations for soil (for insectivorous/herbivorous wildlife) or sediment (for piscivorous wildlife). 

Chemical of Potential 
Concern (COPC) 

lnsectivorousMerbivorous 
Benzo(a)pyrene 

4,4'-DDT 

2,4-D 
Pentachlorophenol 

Cadmium 

Copper 

Zinc 

Piscivorous Wildlife 
Benzo(a)anthracene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Pyrene 

2 - See Section 4.7.6.2 for a more detailed Step 3a evaluation. 

EEQ - Ecological Effects Quotient 
NA - Not available or not applicable 
NOAEL = No Observed Adverse Effect Level 
LOAEL = Lowest O b s e ~ e d  Adverse Effect Level 

Frequency 
Of 

Detection"' 

Wildlife 
2/14 

2/14 

411 4 
311 2 

411 4 

1411 4 

1411 4 

415 
415 
215 
415 

DECEMBER 2004 

Maximum 
Detected 

Concentration 

(mmg)'" 

3 

0.1 1 

0.045 
0.22 

5.8 

53.2 

296 

0.042 
0.047 
0.01 4 
0.07 

Average 
concentration 

(mg/kg)(ll 

0.55 

0.013 

0.01 4 
0.03 

0.9 

14.2 

66.1 

0.021 
0.023 
0.008 
0.036 

EEQs Using Average 

Basis of Wildlife 
Toxicity Reference Value 

N A 

LOAEL based on fledging rate for brown 
pelicans being 30 percent below the estimated 
rate necessary to maintain stable populations~ 

N A 
N A 

LOAEL based on significantly fewer eggs 
produced by mallard ducks. 

N A 

LOAEL based on egg hatchablity of hens 
which was ~ 2 0 %  of controls. 

N A 
N A 

. N A 
N A 

Exposure 

Other Step 3a Factors Considered in  valuation(') 

- NOAEL EEQ is less than 1.0 
- Actual LOAEL may be higher (i.e., less toxic) than LOAEL used in FCM. 
- Uncertainty factor of 3 to convert LOAEL to NOAL may be more appropriate than the factor of 10 that 
was used in the FCM. 

-4.4'-DDT was detected at relatively low concentrations in only 2 samples within a small area which 
suggests that the pesticides are not related to disposal activities - likely related to topical application. 
Based on the home range of robins, exposure to 4,4'-DDT at the site is expected to be low. 

- NOAEL EEQ is less than 1.0 
- NOAEL EEQ is less than 1.0 
-NOAEL EEQ barely exceeded 1 .O. 
-The maximum Cd concentration is within background concentrations for its soil group so risks 
(if any) are not related to site activities. 

- NOAEL EEQ is less than 1.0 
-The average zinc concentration is elevated due to a single isolated high concentration so actual 
exposure to robins is likely overestimated - area represented by one sample is relatively small. 

- The calculated dose was closer to the NOAEL than the LOAEL so more likely that effects will not 
occur - dose is likely overpredicted because no home range factor was used and bioavailability of 
zinc at SWMU is likely to be less than the bioavailability of zinc used to develop the NOAEULOAEL. 

- NOAEL EEQ is less than 1.0 
- NOAEL EEQ is less than 1.0 
- NOAEL EEQ is less than 1.0 
- NOAEL EEQ is less than 1.0 

EEQ > 
1.0 

None 

12 

None 
None 

1.0 

None 

3.4 

Values 
NOAEL 

Species 

NA 

Robin 

NA 
NA 

Robin 

NA 

Robin 

None 
None 
None 
None 

EEQ > 
1.0 

None 

1.2 

None 
None 

None 

None 

None 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

Acceptable 

Acceptable 
Acceptable 

Acceptable 

Acceptable 

Acceptable 

Acceptable 
Acceptable 
Acceptable 
Acceptable 

LOAEL 

Species 

NA 

Robin 

NA 
NA 

NA 

NA 

NA 

Retained as 
a COPC? 

No 

No 

No 
No 

No 

No 

No 

No 
No 
No 
No 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

None 
None 
None 
None 
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LEGEND .. Monitoring Well .. Surface WaterlSediment Location 

• Boring 

CJ 
SWMU 
(Estimated Boundary) 

CJ Estimated Limits of Disposal 
(Based on Geophysics) = Building 

• Manhole 

• Uti~ty Pole 
0 Catch Basffl 
.~ 

U Tree 

~ Wetlands 

/V Stream 

/V Forest Boundary 

/V Railroad 

/V Road 

IV Topographic Contour 
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610 

605 

600 

595 

590 
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570 

565 

560 
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550 
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540 

535 

530 

525 

520 
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04T01 

24.0 

34.0 
TO 
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SILTY CLAY 

SAND 
SILTY SAND 
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TO 
10.0 

TO 
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TO 
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TO 
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HORIZONTAL SCALE IN FEET 

20 
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TO 
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MATCH POINT 
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TO 
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FIGURE 4-13 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 

SECONDARY 
SOURCE 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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FIGURE 4-14 

ECOLOGICAL CONCEPTUAL SITE MODEL 
SWMU 4 - MCCOMISH GORGE 

NSWC CRANE, CRANE, INDIANA 

RELEASE SECONDARY 
MECHANISM SOURCE 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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5.0 SWMU 5 

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 to 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 inorganics, 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 

determine the likelihood of the potential fate and transport of contaminants 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: 

Surfacelsubsurface soils (Borincls) (16): Three soil borings were placed in the bum 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 05-1 9) at the site were sampled. Three new monitoring wells were "-4 
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, 05SWISD01, is outside the northern boundary of the site in the unnamed 

tributary and was sampled to evaluate upstream conditions. Three locations were sampled outside 

near the western (05SWlSD03 and 05SWlSD04) and southern (05SWlSD05) site boundaries in 

unnamed tributaries. These locations address downstream conditions. One location (05SWlSD02) 

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 andlor 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 

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

Surface runoff from the Old Burn 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 

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. 

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

representing two depositional environments have been mapped at the SWMU by Kvale, 1992, including 

residual soil derived 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 the SWMU. 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 05103-1, 05103-2, 05103-4, and 05103-5. The encountered subsurface materials included fill, natural 

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 unconsolidated materials 

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

Pennsylvanian bedrock. The natural unconsolidated materials extend to approximately 45 feet bgs, 

where Pennsylvanian bedrock consisting of shale was encountered in borings (05103-01 and 05/03-04) 

advanced to this depth. 
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5.3.3 Hvdroqeoloqy 

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. Monitoring 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 collected 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. "-4 
--.a 

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

Basewide Soil Background Study (TtNUS, 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 
9 

indicates that the contaminants (e.g., laboratory related) are from non-site related sources. 
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IVo background samples were collected for ground water, surface water, and sediment; however, 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 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 extent discussion 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 

dioxinslfurans, 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 inorganic detections in surface soil, 

respectively. If organic or inorganic chemical concentrations exceeded risk-based or applicable 

regulatory concentration criteria (criteriaflo for non-carcinogens), flags (e.g., R5DQL) appear on the tags 

at the affected locations on Figure 5-7. If an inorganic chemical was detected at a particular surface soil 

location and the site data set for that chemical is 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 background concentrations. 
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Volatile Organic Compounds 

Eight VOCs (1 ,l -dichloroethene, benzene, cis-l,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,l-Dichloroethene, 

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

concentrations of 13 pglkg, 5 pglkg, 29 pglkg, and 5 pglkg, respectively. Cis-l,2-Dichloroethene and 

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

cis-l,2-dichloroethene were 8 pglkg to 2,800 pglkg, with the maximum detection in sample 05SB060102. 

Concentrations of tetrachloroethene were 3 pglkg to 7 pgkg, with the maximum detection in sample 

05SB060102. Methylene chloride was detected in samples 05SB0201 02, 05SB0301 02, and 

05SB080102, each at a concentration of 4 pglkg in each. Trichloroethene was the most frequently 

detected VOC. Trichloroethene was detected in samples 05SB030102 (4 pglkg), 05SB050102 (7 pgkg), 

05SB060102 (5,100 pglkg), 05SB070102 (360 pgkg), and 05SB080102 (1,200 pgkg). 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 05SB0501 02, 05SB060102, 05SB070102, and 05SB0801 02 all yielded detectable 
prs, 

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-l,2-dichloroethene (8 pglkg), 

methylene chloride (4 pglkg), tetrachloroethene (3 pglkg), and trichloroethene (1,200 pglkg). As noted 

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

concentrations in excess of 1,000 pglkg. Concentrations of trichloroethene in excess of 1,000 pglkg 

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 (i.e., 4 pglkg). 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 05SB050002 and 05SB060002 at concentrations of 3,400 pglkg and 

930 pglkg, respectively. Maximum detected concentrations of the 17 PAHs ranged from 16 pglkg 

(acenaphthene) to 2,400 pg/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 05SB010002, 05SB020002, 05SB030002, 

05SB050002,05SB060002, and 05SB070002. 

Acenaphthylene (16 pglkg) was detected in sample 05SB030002. Acenaphthene and fluorene were 

detected in samples 05SB010002, 05SB050002, and 05SB060002. 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(l,2,3-cd)pyrene, and phenanthrene 

were detected in samples 05SB010002, 05SB020002, 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 pglkg), benzo(a)anthracene (950 pglkg), 

benzo(a)pyrene (820 pglkg), benzo(b)fluoranthene (790 pglkg), benzo(g,h,i)perylene, (350 pglkg), 

benzo(k)fluoranthene (670 pglkg), chrysene (910 pglkg), dibenzo(a,h)anthracene (1 80 pglkg), 

fluoranthene (2,200 pglkg), fluorene (110 pglkg), indeno(l,2,3-cd)pyrene (360 pglkg), phenanthrene 

(1,700 pglkg), and pyrene (2,400 pglkg) were found in sample 05SB050002. 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 05SB010002 

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 incomplete combustion. 

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

05SB080002 (6.7 pglkg). 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 pgtkg), 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 Basewide insect control measures. 

Aroclor 1254 was detected in samples 05SB050002 (220 pgtkg), 05SB060002 (150 pglkg), 05SB070002 

(100 pg/kg), and 05SB080002 (240 pgtkg). 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 disposaltburning activities. 

Herbicides 

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

samples 05SB060002 (1 0 pgtkg) and 05SB080002 (1 6 pgtkg). Pentachlorophenol was detected in 

samples 05SB020002 (2.7 pgtkg), 05SB030002 (2.4 pglkg), 05SB050002 (12 pgtkg), 05SB060002 
n**, 

(4.5 pgkg), and 05SB070002 (5.8 pgtkg). 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 herbicides and waste fuel oils, which could be a potential non-site-related 

source of herbicides. 

Seventeen dioxintfuran 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 ngtkg (1,2,3,6,7,8-HxCDF in 05SB040002) to 541 ngtkg (1,2,3,6,7,8-HpCDF 

05SB060002). Concentrations of OCDD ranged from 415 ngtkg to 5,050 ngtkg, with the maximum in 

sample 05SB080002. Concentrations of OCDF ranged from 8.5 ngtkg to 31 3 ngtkg, with the maximum in 

sample 05SB060002. Ten of the 17 detected dioxintfuran congeners were detected in seven or all eight 

of the surface soil samples. All 17 congeners were detected in sample 05SB060002. Sixteen of the 17 

detected congeners were present in sample 05SB050002. Fifteen of the 17 detected congeners were 

found in sample 05SB070002. Maximum detected concentrations of 16 of the 17 detected congeners 

occurred in sample 05SB060002. Consequently, sample 05SB040002 contained the fewest dioxinlfuran 
> ' Y..,. 

congener detections. 
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Sample locations 05SB05, 05SB06, and 05SB07 contained the greatest concentrations of dioxinlfuran 

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 (TEQs) ranged from 0.68 nglkg (05SB040002) to 226 nglkg 

(05SB060002). Dioxinlfuran 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 various combustion and 

chemical 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 surface soil samples are likely to be 

attributable to burning processes carried out at SWMU 5. The 2,3,7,8-TCDD TEQs reported from 

locations 05SB01 (6.5 nglkg), 05SB02 (4.3 nglkg), 05SB04 (0.68 nglkg), and 05SB08 (6.1 1 nglkg) are 

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

remaining samples are in excess of background literature. [The arithmetic mean TEQ concentration 

detected in soil samples representing background conditions in the United States is estimated to be 

8 nglkg (ATSDR, 1 997).] 

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 statistically determined to be similar to background concentrations; however, only five 

samples yielded detectable potassium concentrations. 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 05SB060002. The maximum detected concentration 

of mercury occurred in sample 05SB010002. Barium was detected at concentrations ranging from 

74.7 mglkg to 2,020 mglkg. Chromium concentrations ranged from 10.4 mglkg to 112 mglkg. Copper 

was detected at concentrations ranging' from 11.7 mglkg to 1,520 mglkg. Iron was detected at 

concentrations ranging from 15,600 mglkg to 105,000 mglkg. Lead was detected at concentrations 

ranging from 15.2 mglkg to 16,900 mglkg. Mercury concentrations ranged from 0.04 mglkg to 

0.43 mglkg. Zinc was detected at concentrations ranging from 26.6 mglkg to 5,100 mglkg. 
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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 mgkg), 05SB060002 (7.5 mgtkg), 

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

Concentrations of antimony ranged from 3.2 mgtkg to 301 mgkg; the maximum concentration was in 

sample 05SB060002. Concentrations of tin ranged from 13.2 mgkg to 849 mgtkg, the maximum 

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

cadmium ranged from 1.6 mgkg to 31.1 mgkg, 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 mgkg. 

The CEC of sample 05SB040002 was 13 MEQt100 g. The pH of sample 05SB060002 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, Appendix IX dioxintfurans, 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 SWMU 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 

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-1.2 contains a copy of the entire analytical database for 

SWMU5 subsurface soil. Figures 5-8 and 5-9 present a geographical depiction of organic and inorganic 

detections in subsurface soil, respectively. If organic or inorganic chemical concentrations exceeded risk- 

based or applicable regulatory concentration criteria (criteridlo for non-carcinogens), flags (e.g., R9PRG) 

appear on the tags at the affected sampling locations on the figure. If an inorganic chemical was 

detected at a particular location and the site data set is elevated compared to the corresponding 

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

samples from the 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 site 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-l,2-dichloroethene, 

ethylbenzene, methylene chloride, toluene, trans-l,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,l-Dichloroethane, chloroethane, ethylbenzene, toluene, and trans- 

1,2-dichloroethene were detected in sample 05SB030507 only at concentrations of 140 pg/kg, 48 pg/kg, 

19 pg/kg, 27 pg/kg, and 7 pg/kg, respectively. Acetone, benzene, and xylenes were detected in samples 

05SB030507 and 05SB050608. Concentrations of acetone ranged from 48 pg/kg to 54 pg/kg, with the 

maximum detection occurring in sample 05SB030507. Concentrations of benzene ranged from 3 pg/kg 

to 17 pg/kg with the maximum detection in sample 05SB030507. Concentrations of xylenes ranged from 

10 pg/kg to 61 pg/kg, with the maximum detection in sample 05SB030507. Methylene chloride was 

detected in samples 05SB030507 and 05SB040204 at concentrations of 42 pg/kg and 4 pg/kg, 

respectively. Trichloroethene was detected in samples 05SB030507, 05SB060608, and 05SB070608 at 

concentrations of 9 pg/kg, 13 pg/kg, 9 pg/kg, respectively. Cis-l,2-dichloroethene and vinyl chloride were 

detected in samples 05SB010810, 05SB030507, 05SB050608, and 05SB060608. Concentrations of 

cis-l,2-dichloroethene ranged from 5 pg/kg to 130 pg/kg with the maximum occurring in sample 

05SB010810. Concentrations of vinyl chloride ranged from 7 pg/kg to 160 pg/kg with the maximum 

occurring in sample 05SB060608. 
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All 12 detected VOCs were present in sample 0588030507, 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 0588050608. Three of the 12 detected VOCs were present in sample 0588060608. 

Sample 0588030507 is located in the immediate vicinity of the old burn pit, and samples 0588050608 

and 0588060608 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 0588040002 was collected in the vicinity of the most upgradient ground water well (05-Ol), and 

this sample contained only methylene chloride at a concentration of 4 pglkg. Sample 0586070608, was 

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

concentration of trichloroethene (9 pglkg). As noted above, trichloroethene was detected frequently in 

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

trichloroethene was also detected but not as frequently nor at the elevated concentrations noted in 

surface soil. However, several natural degradation products of tetrachloroethene and trichloroethene 

(i.e., cis-l,2-dichloroethene and vinyl chloride) were detected frequently and, in some instances, at 

concentrations in excess of 50 pglkg. Concentrations of cis-l,2-dichloroethene and vinyl chloride were 
4-b 

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 SWMU 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. Bis(2-ethylhexyl) phthalate was detected in samples 0588020406 (940 pglkg), 0588030507 

(1,600 pglkg), 0588050608 (1,110 pgtkg), and 0588060608 (1,900 pglkg). 4-Methylphenol was detected 

in samples 05SBSB020406 (460 pglkg) and 0588060608 (770 pglkg). Maximum detected 

concentrations of the 17 PAHs ranged from 45 pgkg (acenaphthene) to 3,100 pgtkg (pyrene). PAHs 

were detected in from one to six of seven subsurface soil samples. Analysis of sample 0588040204 

yielded no detectable PAHs. Analysis of sample 0588070608 yielded the maximum detectable 

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

0588020406,0588050608,0588060608, and 0588070608. 

Dibenzo(a,h)anthracene (130 pglkg) was detected in sample 0586070608 only. Benzo(k)fluoranthene - 
was detected in samples 0588020406 and 0588070608, at concentrations of 50 pglkg and 530 pglkg, 
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respectively. Fluorene and anthracene were detected in three of seven samples at maximum 

concentrations of 84 pglkg and 89 pglkg, respectively. 2-Methylnaphthalene, chrysene, phenanthrene, 

and pyrene were detected in samples 05SB020406, 05SB030507, 05SB050608, 05SB060608, and 

05SB070608. Phenanthrene and pyrene were also detected in 05SB010810. Fluorene and 

benzo(b)fluoranthene were detected in samples 05SB010810,05SB020406, 05SB050608, 05SB060608, 

and 05SB070608. Acenaphthylene, benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 

indeno(l,2,3-cd)pyrene, and naphthalene were detected in samples 05SB020406, 05SB050608, 

05SB060608, and 0588070608. 

The maximum detected concentrations of anthracene (89 pglkg), benzo(a)anthracene (730 pglkg), 

benzo(a)pyrene (650 pglkg), benzo(b)fluoranthene (960 pglkg), benzo(g,h,i)perylene, (260 pglkg), 

benzo(k)fluoranthene (530 pglkg), dibenzo(a,h)anthracene (130 pglkg), fluoranthene (830 pglkg), and 

indeno(l,2,3-cd)pyrene (240 pglkg) were found in sample 05SB070608. Maximum detected 

concentrations of 2-methylnaphthalene (2,500 pglkg), chrysene (1,500 pglkg), naphthalene (1,200 pglkg), 

phenanthrene (2,800 pglkg), and pyrene (3,100 pglkg) were found in sample 05SB030507. PAHs were 

detected in all samples across the site except sample 05SB040002, which did not contain detectable 

PAH concentrations. Sample 05SB010810 contained 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 05SB05 

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

detections were found at 05SB03 (located near the former burn pit) and 05SB07 (located near the main 

gully). These sample locations are illustrated in Figure 5-8. The PAHs may 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. Sample 0588070608 was collected in the vicinity of the 

most downgradient ground water well. 

4,4'-DDD, dieldrin, and methoxychlor were the only pesticides detected in the subsurface soil samples. 

4,4'-DDD was detected in sample 05SB020406 (8 pglkg). Dieldrin was detected in sample 05SB050608 

(7.4 pglkg). Methoxychlor was detected in samples 05SB060608 and 05SB070608 at concentrations of 

28 pglkg and 49 pglkg, 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 pglkg and 

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

640 pglkg. These samples are all located in the northern portion of the site in the vicinity of the main 

gully. Aroclor 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 05SB010810 (1.5 pglkg), 05SB020406 (3.0 pg/kg), 05SB050608 (2.4 pgkg), 

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

samples are scattered across SWMU 5. 

Seventeen dioxinlfuran 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 congeners ranged from 0.22 nglkg (2,3,4,7,8-PeCDF in 05SB040810) to 
',@% 

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

1,760 nglkg with the maximum in 05SB070608. Concentrations of OCDF ranged from 0.26 nglkg to 

477 ng/kg with the maximum in 05SB070608. Five of the 17 detected dioxinlfuran 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 

05SB020406 and 05SB060608. Eight of the 17 detected congeners were found in samples 05SB010810 

and 05SB0400204. Sample 05SB050608 contained the fewest dioxinlfuran 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 dioxinlfuran 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 nglkg (05SB040204) to 

464 nglkg (05SB030507). Dioxinlfuran 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 various combustion 

and chemical 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 subsurface soil samples 
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are likely to be attributable to burning processes carried out at SWMU 5. The 2,3,7,8-TCDD TEQs 

reported from locations 05SB01 (0.98 nglkg), 05SB04 (0.81 nglkg), 05SB05 (9.2 nglkg), and 05SB02 

(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. [The arithmetic mean 

TEQ concentration detected in soil samples representing background conditions in the United States is 

estimated to be 8 nglkg (ATSDR, 1987).] 

Metals 

Twenty-one metals were detected in the subsurface soil samples. Beryllium, 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 concentrations 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, sodium, and 

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

Barium, 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 05SB060608. The maximum detected 

concentrations of barium; iron, manganese, and nickel were found in sample 05SB030507. Arsenic was 

detected at concentrations ranging from 2.9 mglkg to 12.2 mglkg. Barium concentrations ranged from 

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

110 mglkg. Copper concentrations ranged from 8.1 mglkg to 6,370 mglkg. Iron was detected at 

concentrations ranging from 11,400 mglkg to 72,900 mglkg. Lead was detected at concentrations 

ranging from 8.2 mglkg to 2,860 mglkg. Manganese concentrations ranged form 157 mglkg to 

1,070 mglkg. Nickel concentrations ranged from 8.8 mglkg to 50.5 mglkg. Zinc was detected at 

concentrations ranging from 25.9 mglkg to 3,010 mglkg. Maximum detected concentrations of metals 

found in samples 05SB060608 and 05SB030507 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. Silver was detected in samples 05SB0200406 

(1.7 mglkg), 05SB030507 (16.1 mglkg), 05SB060608 (2.7 mglkg), and 05SB070608 (3.8 mglkg). 

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

from 1.8 mgkg to 27.9 mglkg. The mercury concentrations in all samples were less than 1 mglkg, except 
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in sample 05SB050608, which contained 93.2 mglkg of mercury. Tin concentrations ranged from 

14 mgkg to 324 mglkg. Antimony was detected in every sample except 05SB040204. Concentrations of 

antimony ranged from 0.9 mgkg to 208 mgtkg, with the maximum concentration in sample 05SB060608. 

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

in sample 05SB060608. Maximum detected concentrations for barium, cadmium, cobalt, iron, 

manganese, nickel, silver, and vanadium were found in sample 05SB030507. The maximum detected 

concentration of aluminum was found in sample 05SB040204, and the maximum detected concentration 

of mercury was found in sample 05SB050608. As shown in Figure 5-9, metals detections are frequent 

and are spatially distributed across the entire site; samples collected near the main gully (05BS050608 

and 05SB060608) and the old burn pit (samples 05SB020406 and 05SB030507) contained higher 

concentrations than the remainder of the samples. Sample 05SB040204 contained the fewest metals 

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

samples 05SB020406 and 05SB060608. Mercury and lead detections in samples 05BS050608 and 

05SB060608 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. d'=% 

Miscellaneous Parameters 

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

23,000 mglkg. The CECs ranged from 3.2 MEQ1100 g to 11 MEQ1100 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 PCBs, Appendix IX herbicides, Appendix IX 
, 

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

analyzed for dissolved TAL Metals. Sample 05GW0101 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 organic or inorganic chemical concentrations exceeded a 

risk-based or applicable regulatory concentration criterion (criterion110 for non-carcinogens), a flag (e.g., 

R9TAP) appears on the tag map at the affected sampling location. 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 "UPn 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 

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

Chloroform was detected in sample 05GWT0101 at a concentration of 1 pg1L. Cis-l,2-dichloroethene 

was detected in sample 05GW1501 at a concentration of 3 pg1L. No other VOCs 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 considered upgradient. 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-l,2-dichloroethene and trichloroethene. At 3 pgIL, cis-l,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 110 MIL. 

Bis(2 ethylhexyl) phthalate was also detected in surface and subsurface soil locations, 05SB05 and 

05SB06, at concentrations ranging from 930 pglkg to 3,400 pglkg. Well 05GW08 is downgradient of 

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

No pesticide1PCBs were detected in SWMU 5 ground water samples. 
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Herbicides 

No herbicides were detected in SWMU 5 ground water samples. 

OCDD, OCDF, 1,2,3,4,6,7,8-HpCDD, and 2,3,7,8-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 6.8 pg/L. 1,2,3,4,6,7,8-HpCDD was detected in samples 05GW 1301 and 05GW1501 at concentrations 

of 12.2 pg/L and 7.1 pg/L, respectively. 2,3,7,8-TCDD was detected in samples 05GW1501 and 

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

The 2,3,7,8-TCDD TEQs ranged from 1.72 pg/L to 15.9 pg/L, with the maximum in sample 05GWT0301. 

The maximum 2,3,7,8-TCDD TEQ 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, 1987). 
#* -4 

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 pg/L, 

4.1 pg/L, 4.9 pg/L, and 25.5 pg/L, respectively. Selenium was also detected in only one sample, 

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

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

detected in eight of 14 samples at concentrations ranging from 0.12 pg/L to 1.6 pg/L, with the maximum 

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

ranging from 18.3 pg/L to 2,270 pg/L, with the maximum in sample 05GW1501. Iron was detected in 13 

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

05GW0301. Barium was detected in all 14 sample at concentrations ranging from 36.1 pg/L to 227 pg/L, h 

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 SWMU 5 ground water are similar. 

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 dissolved samples. The concentrations of 

these metals were similar to the concentrations detected in the 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 VOCs, 

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

dioxinlfurans, total and dissolved TAL metals (plus tin), cyanide, hardness, and total suspended solids. 

Sample 05SW0101 was selected to represent the SWMU 5 upgradient surface water sample. 

Table 5-8 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 upgradient sample concentrations. Appendix E.l-2 contains a copy of the 

entire analytical database for SWMU 5 surface water. If organic or inorganic chemical concentrations 

exceeded risk-based or applicable regulatory criteria (criteridlo for non-carcinogens), a flag (e-g., 

R9TAP) on the tag map at the affected sapling 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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Volatile Organic Compounds 

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

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

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

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

(48 p a ) .  Vinyl chloride was detected in 05SW0201 (85 pg/L) and 05SW0301 (18 pg/L). 

Cis-l,2-Dichloroethene was detected in samples 05SW0201 (290 pg/L), 05SW0301 (110 pg/L), and 

05SW0501 (1 pg/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-l,2-dichloroethene at 3 pg/L, is located between 

sample locations 05SW02 and 05SW03. 

It is unusual to find VOCs at these elevated concentrations (i.e., greater than 100 pg/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 pg/L. No other 
7 

SVOCs 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 pglkg and in some cases greater than 

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

suspended solids in surface water sample 05SW0201. 

No pesticide1PCBs were detected in SWMU 5 surface water samples. 
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Herbicides 

No herbicides were detected in SWMU 5 surface water samples. 

DioxinIFurans 

No dioxinlfuran congeners were detected in these surface water samples; however, one mixture (total 

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

mixtures. Doxinslfurans were detected in surface 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 

(1 5 mg1L). 

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 05SW0401 at a concentration of 204 pglL. Antimony was detected in sample 

05SW0501 at a concentration of 1.3 pg1L. Copper and zinc were detected in two samples. Copper was 

detected in samples 05SW0201 and 05SW0501 at concentrations of 2.7 pglL and 2.4 pglL, respectively. 

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

respectively. Manganese was detected in samples 05SW0101,05SW0201, 05SW0301, and 05SW0401 

at concentrations of 41.4 pg/L, 238 pgIL, 31 5 pgIL, and 105 pg/L. Arsenic was detected in all four surface 

water samples at concentrations ranging from 0.34 pg/L to 0.64 pg1L. Barium and iron were detected in 

all four surface water samples. Barium concentrations ranged from 68.3 pglL to 184 pglL, with the 

maximum in sample 05SW0501. Iron concentrations ranged from 284 pg1L to 1,520 pg1L with the 

maximum in sample 05SW0401. 

As shown in Figure 5-10, sample 04SW0401, which was the most dowrlgradient 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 detected 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 detected. The hardness of these samples ranged from 38 mglL to 230 mglL, and the 

total suspended solids ranged from 2 mgR to 52 mglL. Sample 05SW0501 possessed the maximum 

hardness value of 230 mglL. 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 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, Appendix IX dioxinlfurans, Llra 

TAL metals (plus tin), cyanide, and TOC. Sample 05SD010006 was collected as the SWMU 5 upgradient 

sediment sample. 

Table 5-1 0 presents a summary of the positive results reported for compounds detected in the sediment 

samples collected from SWMU 5. Table 5-1 1 presents 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.l-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 organic or inorganic chemical concentrations exceeded a risk- 

based or applicable regulatory concentration criterion (criterion110 for non-carcinogens), a flag (e.g., 

R5DQL) on the tap 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 

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

sediment samples. Methylene chloride was detected in all four samples at concentrations ranging from 
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5 pglkg to 8 pglkg, with the maximum in 05SD040006. Cis-l,2-dichloroethene and trichloroethene were 

detected in sample 05SD020006 at concentrations of 1,000 pglkg and 700 pglkg, respectively. No other 

VOCs were detected. The detections of cis-l,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, 05SWlSD02, is also located downgradient of the surface soil sample that contained 

cis-l,2-dichloroethene and trichloroethene at concentrations in excess of 2,000 pglkg. It appears that the 

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

Methylene chloride was also detected at concentrations of 4 pglkg to 8 pglkg. This compound is 

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

5 pg1L) 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 5-1 1, 13 PAHs were detected in the four SWMU 5 sediment samples. No other 

semivolatile organic compounds were detected in these sediment samples. Maximum detected PAH 

concentrations of these 13 PAHs ranged from 16 pglkg [dibenzo(a,h)anthracene and naphthalene] to 

55 pglkg (fluoranthene). The maximum detected concentration of nine of the 13 detected PAHs were 

found in sample 05SD050006. Sample 05SD040006 contained the fewest PAH detections (i.e., only 

fluoranthene at 16 pglkg). 

As shown in Table 5-10, sample 05SD010006 (the SWMU 5 background location) contained 

concentrations of PAHs ranging from 14 pglkg (2-methylnaphthalene) to 960 pglkg (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 contamination. 
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No pesticides were detected in SWMU 5 sediment samples. 

Aroclor 1260 was detected at a concentration of 170 pglkg in sample 05SD050006 but it was not 

detected in the most downgradient sample (05SD040006). No other PCBs were detected in SWMU 5 

sediments. 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 and burning 

activities. 

Herbicides 

The herbicides hexachlorophene and pentachlorophenol were detected in these sediments. 

Hexachlorophene was detected in sample 05SD040006 (3.1 pglkg) but was not detected in any other 

media at SWMU 5. Pentachlorophenol was detected in sample 05SD050006 (6 pglkg) but it was not 

detected in the most downgradient sample (05SD040006). Pentachlorophenol was also detected in 

surface and subsurface soil samples at concentrations similar to those found in sediment. As shown in 

Figure 5-12, sediment sample 05SD050006 is downgradient of surface and subsurface soil sample 
-, 

locations (05SB02 and 05SB03) that contained similar concentrations of pentachlorophenol. 

Seventeen dioxinlfuran 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 0.5 nglkg (1,2,3,4,7,8-HxCDD in 05SD040006) to 203 nglkg 

(1,2,3,4,6,7,8-HpCDD in 05SD020006). As displayed in Table 5-1 1, concentrations of OCDD ranged 

from 1,160 nglkg to 6,110 nglkg with the maximum occurring in sample 05SD020002. Concentrations of 

OCDF ranged from 2.2 nglkg to 223 nglkg with the maximum occurring in sample 05SD020006. Eleven 

of the 17 detected dioxinlfuran congeners were detected in all four of the sediment samples. All 17 

congeners were detected in samples 05SD020006, 05SD030006, and 05SD050006. Maximum detected 

concentrations of 16 of the 17 detected congeners occurred in sample 05SD020006, which is located 

north of the main gully. Sample 05SD040006 contained the fewest dioxinlfuran congener detections; this 

sample is the westernmost sediment sample at SWMU 5. 

The 2,3,7,8-TCDD TEQs ranged from 2.5 nglkg (05SD040006) to 18.3 nglkg (05SD020006). It should be 

noted that dioxinlfuran compounds are often found in environmental media as a result of natural (e.g., pll 

. " 
forest fires) and anthropogenic activities (i.e., they are by-products of various 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 SWMU 5. Dioxinslfurans were detected in all media 

collected at SWMU 5. 

As displayed in Table 5-1 0, the upgradient sediment location 05SD010006 contained positive results for 

several dioxin congeners. This may or may not be attributable to activities at SWMU 5. The dioxins are 

most probably present at this location due to deposition of ash from an airborne source (i.e., 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, calcium, 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, lead, magnesium, manganese, 

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

detected metals (calcium, magnesium, and potassium) are considered to be essential nutrients and will 

not be discussed any further. Cadmium was detected in sample 05SD050006 at a concentration of 

2.5 mglkg. Mercury was detected in samples 05SD020006 (0.04 mglkg) and 05SD050006 (0.09 mglkg). 

Antimony was detected in samples 05SD020006 (2.2 mglkg), 05SD030006 (1.6 mglkg), and 

05SD050006 (5.8 mglkg). 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 05SD050006. 

Maximum detected concentrations of manganese and nickel were found in sample 05SD030006. The 

maximum detected concentration of cobalt was found in sample 05SD020006. 

As shown in Figure 5-12, the concentrations of metals detected across SWMU 5 sediment are similar 

although sample 05SD050006 had the greatest concentrations of metals. The concentrations of metals 

detected in sediment samples collected within SWMU 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 

SWMU 5. 
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Miscellaneous Parameters 

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

(05SD030006) to 11,000 mglkg (05SD040006) in these sediment samples. 

5.4.6 Summary 

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

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

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

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

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

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

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

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

Cis-l,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-l,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 05SB06, 05SB07, and 05SB08, 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-l,2-dichloroethene was detected in ground water (well 05-15), and trichloroethene and vinyl chloride 

were detected in surface water at sampling location 05SWlSD02 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 05SWlSD02 and 05SWlSD03. 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 

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 11 0 pg/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 pg1L. No other SVOCs were detected in surface water. Several PAHs were 

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

were detected in sediment samples. The upgradient (i.e., 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'-DDE was detected in one surface soil sample, 05SB080002. 4,4'-DDD, 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 pglkg), except methoxychlor in subsurface 

soil samples 05SB060608 (28 pglkg) and 05SB070608 (49 pglkg). 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 frequencies of 

detection are low and the pesticide contaminants are 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 contained 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 pgtkg 

to 140 pglkg. Aroclor 1254 and Aroclor 1260 were detected in several subsurface soil samples. Aroclor 

1260 was detected in sediment sample 05SD050006 at 170 pglkg. Otherwise, no other Aroclors 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 Aroclor 

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

SWMU 5. 

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 hexachlorophene 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 samples across SWMU 5. These compounds were detected at 

low concentrations (i.e., less than 20 pglkg). 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 (112 mglkg) with most results less than 5 mglkg. On this basis, further 

delineation of this chemical is not warranted. 

Dioxinlfuran compounds were detected in almost all surface soil, subsurface soil, and sediment samples. 

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

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

conditions in the United States is estimated to be 8 nglkg). Only a few dioxinlfuran compounds were 

detected in ground water samples; these compounds were not detected frequently. Only one dioxinlfuran 

mixture was found in one surface water sample. Dioxinlfuran detections were spatially distributed across 

the site. The most concentrated area of dioxinlfuran 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 all of the environmental media at SWMU 5. 

The predominance of OCDD in the dioxinlfuran mix is consistent with the combustion of wood, oil, or 

municipal solid waste (Navy, 2001). The concentrations detected 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 deposition. 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 metal contaminants are located in surface soil at borings 

05SB06 and 05SB02 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 surface soil concentrations of mercury appear in soil borings 05SB01 and 05SB03 at the 

southwestern perimeter of the sampling pattern (Figure 5-7). The greatest concentration of surface soil 

tin appears in soil boring 055808 located on the western perimeter of the sampling pattern and is 

unbounded by samples of lesser concentrations to the southwest, west, and northwest. However, 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 metals 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 located 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, 1998~). 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 5-9). 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 5-7 and 5-9. 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 mglkg at soil boring 05SB05 indicates a probable subsurface disposal 

because this concentration underlies a surface soil concentration of only 0.06 mglkg. 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 05/03-05 and 05/03-06 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 incomplete bounding 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 concentrations in excess of upgradient concentrations at 

select locations (See Figure 5-10). 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 5. Selenium is not discussed further 

because it was detected in just one well (05T03 at a low concentration of 1.4 pg/L). The site ground - 
water arsenic concentrations are not consistent with soil arsenic concentrations. While 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 (7,800 pg1L) was in 

well 05-08, 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 SWMU 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 5-1 1). Except for iron, these metals appear to be essentially all dissolved as evident 

from the results for filtered and unfiltered samples being comparable. 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 05SWlSD05 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 05SWlSD05, 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 collocated with elevated 

ground water manganese concentrations. Consideration to further delineation of manganese 

concentrations may be warranted. This is discussed further in Sections 5.6.l(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, 

copper, 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 05SWlSD05; 

manganese is present at locations 05SWlSD02 and 05SWlSD03 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 05SWlSD05, and manganese at locations 05SWlSD02 and 05SWlSD03, the observed sediment 

metal concentrations are likely to represent normal upgradient concentrations. This could not 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 5-12, 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 05SWlSD05, and manganese in the channel associated with locations 05SWlSD02 and 

05SWlSD03. 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 additional 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 5.6.1 and the ERA in Section 5.7.5 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 5. 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 5. 
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Soil - VOCs, PAHs, dioxinslfurans, pesticides, PCBs, herbicides, and metals 

Ground water - VOCs, dioxinslfurans, and metals 

Surface Water - VOCs, dioxinslfurans, and metals 

Sediment - VOCs, PAHs, dioxinslfurans, pesticides, PCBs, herbicides, and metals 

Fate and transport characteristics of these chemicals are briefly discussed in the following sections. 

5.5.1 Volatile Orqanic 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 precipitation 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 surface1subsurface soil samples at SWMU 5 but only two VOCs 

(chloroform and cis-l,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, cisltrans-1,2-DCE, TCE, and vinyl chloride) were detected in three of five surface water 

samples collected when the surface water was covered with ice. Because these compounds, especially 

vinyl chloride, volatilize rapidly from water, their presence in surface 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 Polvcvclic 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 sod, 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 bind to soil and sediment. 
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5.5.3 Dioxins IFurans 

The fate and transport characteristics of dioxinslf~~rans 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 dioxinslfurans 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 site with published 

water solubilities indicates that they may be present in the dissolved phase as well. 

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 

and sediment and their low solubility in water. 

5.5.5 Polychlorinated Biphenvls (PCBs) 

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. 

5.5.6 lnorqanics 

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 '"s~, 
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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 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-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. 

5.6.1 Selection of Chemicals of Potential Concern 

A medium-specific discussion 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 

COPC screening process and the results of the screening are presented in Tables 5-12 and 5-13 for 

surface soil and in Tables 5-14 and 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 

burn pit where residual ash and metal debris were buried. The following chemicals were retained as 

COPCs for surface soil: 

Volatiles - 1 , l  -dichloroethene, benzene, cis-l,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. 

Dioxinslfurans. 

lnorganics - antimony, barium, cadmium, chromium (total), copper, irop, lead, mercury, silver, and 

zinc. 

COPC Selection for Surface/Subsurface Soil 

Sixteen surfacelsubsurface 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 ,I -dichloroethene, benzene, cis-l,2-dichloroethene, tetrachloroethene, trichloroethene, 

methylene chloride, and vinyl chloride. 

PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, 

2-methylnaphthalene, and naphthalene. 

Dieldrin. 

PCBs - Aroclor 1254, Aroclor 1260. 

Pentachlorophenol. 

lnorganics - antimony, arsenic, barium, cadmium, chromium(total), copper, iron, lead, manganese, 

mercury, nickel, silver, and zinc. 
-yr 
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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 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 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. 

Miqration 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,l-dichloroethene, benzene, 

cis-l,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-l,2-dichloroethene was detected (in one of 14 samples) 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, 05GW0101, 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 

Dioxinslfurans 

lnorganics - 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 (05GW0301 -F and 05GW1301 -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 05GW0301 at a concentration of 141 pg1L but was detected in the filtered sample at a 

concentration of 15.4 pg1L. 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 5-17 summarizes the COPC selection process for surface water at SWMU 5. Four surface water 

samples were collected at the site. Two samples were collected in the western portion of the site, one 

sample (05SW0501) was collected from an unnamed tributary in the southern portion, and one sample 

(05SWD02) 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, 05SW0101, located on the 

northern portion of the site, was used as the upgradient location for COPC 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. 
snu, 

The following chemicals were retained as COPCs in surface water: 
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Volatiles - 1 ,l -dichloroethene, cis-l,2-dichloroethene, trichloroethene, and vinyl chloride 

lnorganics - 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 day1350 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 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 samples were collected during the 

investigation. The following chemicals were retained as COPCs in sediment: 

Dioxinslfurans 

lnorganics - 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 so~ls). 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 

5-1 9. 

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 5-1 3. 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 receptor classes identified in Section 3.3, the following potential 

receptors may be exposed to contaminated media at the site: 

Trespassers (aqes 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. 
"'"a, 
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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. 

I 
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 (i.e., the gully) would likely 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 of 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 decision-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 assessment. 

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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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 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, 
I.*, 

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 

associated 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 Hls 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. 

Noncarcinoqenic Risks - RME 

Cumulative Hls for the maintenance worker, adult recreational user, and adolescent trespasser under the '-9 
RME scenario are less than unity (I), 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 surface1subsurface soil. Note that the construction worker was 

assumed to be exposed to the maximum concentration detected in soil (301 mglkg) because the 

95 percent lognormal UCL exceeded the maximum concentration. Antimony was detected in 13 of 15 

surface1subsurface 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 mgkg). Lead-antimony alloy is used in the manufacture of storage batteries, lead shot, and 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 .O, 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 to be overestimated. 

Potential receptors were assumed to be exposed to the maximum concentration of antimony detected 

in soil (301 mgtkg) 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 mglkg). 

'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). 

Carcinoaenic Risks 

Cumulative ILCRs for the construction worker, maintenance worker, adult recreational user, and 

adolescent trespasser are within the U.S. EPA target risk range, 1x10" to IXIO-~. The total residential 

ILCR (adult + child) is 8.6x104, which exceeds the target risk range. 

The elevated carcinogenic risks for residents are primarily a result of exposure to dioxinslfurans in soil and 

ground water (mainly by dermal contact) and to vinyl chloride in surface water. Dioxinslfurans (total 

residential soil lLCR = 5.7~10'~ and total ground water ILCR = 4 . 1 ~ 1 ~ ~ )  account for approximately 

55 percent of the total residential carcinogenic risk, and hypothetical future residential exposure to vinyl 

chloride in surface water (ILCR = 3.2x10-~) 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 dioxinslfurans in ground water account for approximately 

95 percent of the risks from dioxinslfurans 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 dioxinslfurans in soil in terms of 2,3,7,8-TCDD TEQs 

(0.226 pglkg in surface so11 and 0.464 pglkg in surfacelsubsurface soil) exceeded risk-based 

screening levels, these TEQs are less than the preliminary remediation goal of 1 pglkg established for 

2,3,7,8-TCDD TEQs in U.S. EPA OSWER 9200.4-26. The maximum TEQ for dioxins in ground water 

(1.59 pg1L) is approximately 15 times less than the current MCL for 2,3,7,8-TCDD (30 pg1L). 

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 

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 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 risk range). 

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 surfacelsubsurface soil at SWMU 5 because maximum 

detected concentrations (16,900 mglkg) exceed the 400 rnglkg 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 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 disposal practices at the site. The average lead concentration in the other surface soil samples 

collected at the site is 220 mglkg, which is less than the 400 mglkg screening level. However, the 

average concentration of lead in subsurface soil at the site was greater than 1,000 mgtkg. 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 not 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 pg/dL. The U.S. EPA goal 

is to limit the childhood risk of exceeding a 10 pg/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 mglkg), the average concentration in 

surface/subsurface soil (1710 mgikg), 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 pg/dL. This blood-lead 

level is greater than the established level of concern (10 pg/dL). Approximately 83.75 percent of children --%., 

assumed to be exposed to surface soil are expected to experience blood-lead levels greater than 

10 pg/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., 10 pg/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 pg/dL. If the hotspot area were to be removed, the 

average surface soil would be 220 mgkg and lead would not have been selected as a COPC 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 

of lead (1,710 mglkg) in surface/subsurface soil ranged from 5.07 pg/dL to 5.57 pg/dL. This range is less 

than the established level of concern (10 pg/dL). The central estimate of blood-lead concentrations for 

fetuses carried by construction workers exposed to surface soil also ranged from 4.57 pg/dL to 

5.02 pg/dL. These levels are less than the acceptable level of lead in fetal blood (1 0 pg/dL of blood). The 

probabilities that the child blood-lead levels would be greater than 10 pg IeadtdL of blood ranged from -.. 
9.1 1 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 of the exposed children have an estimated blood-lead level greater than the 

established level of concern (i.e., 10 pg/dL). 

The central estimate blood-lead levels predicted for the adult recreational user and maintenance worker 

exposed to surface soil (2,275 mglkg) and to fetuses carried by these receptors were also less than the 

level of concern. Blood-lead levels predicted for the adult recreational user ranged from 3.26 pg/dL to 

3.76 pg/dL, and the blood-lead levels for the maintenance worker ranged from 2.42 pg/dL to 2.92 pg/dL. 

The central estimate of blood-lead concentrations 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 pg/dL ranged from 1.4 to 

7.19 percent and the probability of a maintenance worker bearing a child with fetal blood levels exceeding 

10 pg/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 workeis having children with blood- 

lead levels greater than 10 pg/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 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 5-22. 

cumulative HIS for the maintenance worker, adult recreational user, and adolescent trespasser under the 

CTE scenario are less than unity (I), 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 CTE 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 ground water. 

The cumulative ILCR for the maintenance worker is less than U.S. EPA target risk range, 1x10-~ to IXIO-~, 

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 l x l ~ - ~ .  The elevated 

CTE risks for residents are primarily a result of exposure to dioxinslfurans 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: Al, As, Mn. 

Subsurface soils eliminated on the basis of background: Al. 

Ground water: None. 

Surface water: None. 

Sediment: As, Fe. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Backqround Comparison. 

Aluminum, arsenic, iron, and manganese were detected in soils andlor 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. 

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 

Parameter 

Aluminum 

Arsenic 

l ron 

Manganese 
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Surface Soil 
Concentration 

(mglkg) 

14,800 

26.8 

1,170 

Subsurface 
Soil 

Concentration 

(mglks) 

15,700 

Sediment 
Concentration 

(mglkg) 

5.3 

14,000 

Region 9 
Residential 

(mglkg) 

76,000 

0.39 

23,000 

1,800 

Region 9 
Industrial 

PRG 

(mglkg) 

100,000 

1.6 

100,000 

19,000 

Literature 
Background 

(mdkg) 

10,000 - 300,000 
0.1 - 97 

7,000 - 555,000 
100 - 4,000 
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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-~ (one-in-one-million) cancer risk level (the values are the 

COPC screening levels used in this HHRA). PRGs representing the 1 XIO-~ and 1 XIO-~ cancer risk levels 

would be 10 and 100 times the values presented for the 1 x10-~ cancer risk level. Consequently, the 

maximum detected concentration of arsenic exceeds the 1 x1u6 and 1 ~ 1 0 ' ~  cancer risk levels, but not 

the1 XIO-~ 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 COPC 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 sampled 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 Selection 

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 (i.e., 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 sizen 

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 COPCs 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 (i.e., 

potential receptors ingest 2 liters of water per day1350 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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5.6.4.3 Uncertainty Associated with the Use of Background 

Aluminum, 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 in the 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 residential exposure to COPCs in surface water and sediment. As stated 

previously, development of the site is unlikely because of the shallow depth to ground water 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 provide 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 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 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 needs of children differ from 

adults, and a more appropriate RfD for children would be 1.1 mglkgtday. Consequently, risks calculated .. .. 
for the child resident for exposure to iron may be overestimated by a factor of 1.83 (1.110.6). 

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 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 methylated arsenic, but this limit is generally reached when the body's 

intake of arsenic approximately exceeds 500 pglday. The maximum detected concentration of arsenic in 

ground water at the site is 1.6 pg/L. Assuming a water ingestion rate of 2 liters per day, exposure to this 

concentration corresponds to an approximate intake of 3.2 pg/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 (50 pg/L) and the recently proposed MCL (10 pg/L). -% 
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5.6.5 Summarv and Conclusions 

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 

contains 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 and 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). 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 

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. lnhalation 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. lnhalation 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. lnhalation 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 ,l -dichloroethene, benzene, cis-l,2-dichloroethene, tetrachloroethene, trichloroethene, 

methylene chloride, vinyl chloride, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenz(a,h)anthracene, Aroclor 1254, pentachlorophenol, dioxinslfurans, antimony, barium, cadmium, 

chromium(total), copper, iron, lead, mercury, silver, and zinc. 

Surfacelsubsurface soil - 1,l-dichloroethene, benzene, cis-l,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, Aroclor 1260, pentachlorophenol, dioxinslfurans, antimony, arsenic, barium, cadmium, 

chromium(total), copper, iron, lead, manganese, mercury, nickel, silver, and zinc. 

Ground water - chloroform, bis(2-ethylhexyl) phthalate, dioxinslfurans, aluminum, arsenic, iron, and 

manganese. 

Surface water - 1 , l  -dichloroethene, cis-l,2-dichloroethene, trichloroethene, vinyl chloride, aluminum, 

arsenic, iron, and manganese. 
C*q 

Sediment - dioxinslfurans, aluminum, antimony, and manganese. 

Quantitative estimates of noncarcinogenic and carcinogenic risks (Hls 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 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 .0x104, 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 surfacelsubsurface soil, 

primarily by ingestion. The construction worker was assumed to be exposed to the maximum 

concentration of antimony detected in soil (301 mglkg) 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 of lead detected at the site (16,900 mglkg). Lead- 

antimony alloy is used in the manufacture of storage batteries, lead shot, and 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 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 001 0 



NSWC Crane 
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 dioxinslfurans 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 

SWMU 5: 

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 provisional RfDs 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 mglkg) because the 95 percent lognormal UCL exceeded 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 dioxinslfurans in ground water account for approximately 

95 percent of the risks from dioxinslfurans 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 

by a 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 the adult recreational user) were 

within U.S. EPA's target risk rarrge. 

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. 

Lead was identified as a COPC for surface and surfacelsubsurface soil at SWMU 5 because maximum 

detected concentrations (16,900 mgkg) exceed the 400 mglkg 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 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 disposal practices at the site. The average lead concentration in the other surface soil samples 

collected at the site is 220 mglkg, which is less than the 400 mglkg screening level. However, the 

average concentration of lead in subsurface soil at the site was greater than 1,000 mglkg. 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 pg1dL) 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 mgkg and lead 

would not have been selected as a COPC 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 pg1dL. However, the probability of 

construction workers having children with-blood-lead levels greater than 10 pgIdL slightly exceeded U.S. 

EPA's goal of five percent. 
-9 
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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 andlor 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 dioxinslfurans and manganese in ground water, and to 

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 an average to good quality stand of mixed hardwoods including sugar maple (Acer 

saccharum), white oak (Quercus alba), and yellow poplar (Liriodendron tulipifere) (N RMP, 1 991). Nearby 

is Lake Oberlin, which has largemouth bass (Micropterus salmoides), bluegill sunfish (Leopomis 

macrochirus), gizzard shad (Dorosoma cepedianum), golden shiners (Notemigonus crysoleucas), 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 deep. 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 

and 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 Quality Monitoring and 

Assessment Report to determine if they support fish consumption (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 

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 off-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). Note that 

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 Ecoloqical Receptors and Exposure Pathwavs 

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. 

  he 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) 

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 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 Samplinq lnvestiqation 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 samples are detected below background levels (see Section 5.4). Also, surface 

water and sediment station 05SW/SD01 was an upgradient location. Therefore, the chemical 

concentrations in this sample are assumed to represent concentrations in the surface water and sediment 

that are not related to activities at SWMU 5. As such, the inorganic chemical concentrations in the 

remaining surface water and sediment samples from SWMU 5 are compared to this upgradient sample 

for the selection of COPCs. If inorganic chemical concentrations are higher at the upgradient sample 

than the maximum concentration of downgradient samples, the chemical is eliminated as a COPC. 

5.7.4 Ecolonical 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 3-1 4 and 3-1 5. 

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 inorganics, which are used to select COPCs. 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-l,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 '- A'---, 

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 sediment. In addition to summary statistics (e.g., frequency of detection), the table also 

includes the results of the comparison to the upgradient sample, 04SD010006, which is considered a 

representative sediment background and anthropogenic 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 aluminum, 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-l,2-dichloroethene, 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. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 61 of 103 

5.7.4.3 Surface Water 

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 comparison to the 

upgradient sample, 05SW0101, 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-l,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 inorganics only). 

Total PECDD, trichloroethene and vinyl chloride are initially selected as COPCs because the maximum 

concentrations exceeded the surface water Region 5 screening level with EEQs of 33.8, 1.60, and 9.24. 

5.7.5 ScientificIManaqement Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a ScientificIManagement 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? 

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 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 northwestern corner of the NSWC Crane. 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 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 (05SB040002), 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 VOCs, 18 

SVOCs, 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 VOC, two SVOCs, and 11 inorganics 

were initially selected as COPCs because their maximum detected concentrations exceeded EDQLs. 

Iron was initially selected as a COPC 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 detections of other constituents and is located 

in an area where it is known dumping of burned materials occurred. One VOC, cis-l,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, VOCs were detected less frequently 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5, 9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 63 of 103 

than other constituents at SWMU 5 and at low concentrations. Bis(2-ethylhexy1)phthalate was detected in 

two of eight samples collected with a maximum EEQ of 3.7 in sample 05SB05. The only other detection 

of bis(2-ethylhexy1)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-ethylhexy1)phthalate contamination is believed to be sufficiently bounded. 

Naphthalene was detected in five of eight samples collected at SWMU 5 with a maximum EEQ of 1 .O1 in 

sample 05SB06. Naphthalene concentrations exceeded the EDQL 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 detected. 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 COPCs because their maximum concentrations exceeded background concentrations and the EDQLs. 

Maximum EEQs for these inorganics ranged from 1.9 (silver) to 314,536 (lead) (see Table 5-24). An EEQ 

for iron is not available as an EDQL 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 3a of the BERA. 

5.7.5.2 SedimentISurface 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 dioxintfurans, 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 sediment. Seventeen individual dioxins, two total dioxins, three VOCs, 13 SVOCs, 

one PCB, two herbicides, and 18 inorganics were detected in sediment 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 EDQLs. Only five of these 

inorganics, including aluminum, antimony, barium, manganese, and vanadium, were initially selected as 
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COPCs because an EDQL was not available for these chemicals. COPCs considered bioaccumulative 

(U.S. EPA, 2000) were retained for food-chain modeling and are presented in Table 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 EDQLs. EEQs 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, dioxinlfuran 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 chemical processes). However, it was determined that the 

concentrations detected in these sediment samples are likely to be attributable to burning at SWMU 5. 

Cis-l,2-dichloroethene and trichloroethene were each detected in one of four sediment samples. 

Detections for both were observed in sample 05SD020006 with EEQs 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-l,2-dichloroethene and trichloroethene at concentrations in excess of 2,000 pglkg. Because dioxins 

and chlorinated VOCs are likely related to past site activities and are present in high concentrations (i.e., 

EEQ exceedances of 1.0), they w~ll 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 EEQs 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 larger 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. 

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 
"**r 

contamination. Also, most of these metals were detected in all other media samples at SWMU 5. 
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Surface Water 

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 dioxinlfurans, 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 EDQLs. Cis-l,2-dichloroethene, iron, and 

manganese were initially selected as COPCs because EDQLs 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 mgIL), indicating that 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 EDQLs 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 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, 1997; and 2001 ; Navy, 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 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 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 conservative) benchmarks in Step 3a 

of this assessment. These alternate benchmarks are presented in Tables 5-28 (surface soil), 5-29 

(sediment) and 5-30 (surface water) along with the Step 3a evaluation. 

5.7.6.1 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 5.7.6.1 . l )  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 aluminum, 

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 

main gully); 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 bioavailable. 

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 (i.e. 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 the metals 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 

the plants. The following paragraphs present the Step 3a evaluation for evaluating risks to plants and 

invertebrates. 

Dioxins 

Many dioxins were initially selected as COPCs because the maximum detected surface soil 

concentrations exceeded Region 5 screening levels. However, the EDQLs are based on risks to wildlife 

(i.e., the masked shrew) and not risks to invertebrates and plants; therefore alternate toxicological data 

was used to further evaluate risks to plants and soil invertebrates. 
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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 mgkg of 2,3,7,8-TCDD, but both species 

died at 10 mgkg (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 (1 993). 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-l,2-dichloroethene was initially selected as a COPC because the maximum detected surface soil 

concentration of 2.8 mglkg in sample 05SB060002 exceeded the Region 5 screening level (0.78 mglkg). 

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 05SB060002 was located near the middle of the site; however the location is not well bounded. 

Cis-l,2-dichloroethene was detected in two of the eight samples collected and the only other detection of 

this parameter (sample 05SB080102 - 0.008 mgtkg), was less than the EDQL. VOCs are typically not 

detected in surface soil because they are volatile, but cis-l,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 andlor active, it is unlikely that 

cis-l,2-dichloroethene in the soil is adversely impacting plants or invertebrates. Therefore, risks to plants 

and soil invertebrates from cis-l,2-dichloroethene are acceptable so cis-l,2-dichloroethene is not retained 

as a COPC for risks to these receptors. 
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Bis(2-ethvlhexvl) phthalate 

Bis(2-ethylhexyl) phthalate was initially selected as a COPC because the maximum detected surface soil 

concentration of 3.4 mglkg at location 05SB05 exceeded the Region 5 screening level (0.93 mglkg). 

However, the EDQL is based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates 

and plants; therefore, alternate benchmarksltoxicity information were used to further evaluate risks to 

plants and soil invertebrates: 

ORblL Plant - 100 mglkg (Efroymson et al., 1997b) 

The bis(2-ethylhexyl) phthalate ORNL benchmark for plants is based on an effect concentration (EC)50 

value of 134 mglkg based on effects on the growth of lettuce from seedling to 14 days in loam soils. 

Even though the ORNL benchmark is based on an EC50 value, the maximum detected concentration is 

much lower than the ORNL plant benchmark so impacts to plants are not 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 mglkg) 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 lethal 

concentration (LC)50 value of 1,064 mglkg was the lowest toxic concentration of the three reported. The 

ORNL earthworm value of 200 mglkg for dimethylphthalate was obtained by dividing the LC50 

(1,064 mglkg) by a safety factor 5 (Efroymson et al., 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 

Naphthalene was initially selected as a COPC because the maximum detected surface soil concentration 

in sample 05SB060002 (0.1 mgkg) was slightly above the Region 5 screening level (0.1 mglkg), with an 

EEQ of 1.006. Surface soil concentrations for all other samples were less than the screening level. The 

EDQL 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, 1999e) 

The Canadian SQG for naphthalene of 0.6 mglkg is based on an Effects Concentration 25 (EC25) for 

lettuce (3 mglkg) 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 mgkg 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 to plants and a- I,i 

invertebrates. 

Antimony 

Antimony was initially selected as a COPC because the maximum detected soil concentration at location 

05SB06 (301 mgkg) exceeded the Region 5 screening level of 0.1423 mglkg 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. Therefore, the maximum antimony concentration was compared to 

the following alternate benchmarks to evaluate risks to plants and invertebrates: 

Eco-SSL for soil invertebrates - 78 mglkg (U.S. EPA, 2003c) 

ORNL Plant - 5 mglkg (Efroyrnson et al., 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 9 
collected at 05SB06 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 mgkg). 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 mglkg is based on a report of unspecified toxic effects on plants grown in a surface soil with the addition 

of 5 mglkg 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 

Barium was initially selected as a COPC because the maximum detected soil concentration at location 

05SB06 (2,020 mglkg) exceeded the COPC screening level of 1.04 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 terrestrial invertebrates and plants. Therefore, the maximum barium concentration was 

compared to the following alternate benchmarks to further evaluate risks to plants and invertebrates: 

U.S. EPA Eco-SSL for soil invertebrates - 330 mglkg (U.S. EPA, 2003b) 

ORNL Plant - 500 mgkg (Efroymson at al., 1997b) 

The U.S. EPA Eco-SSL of 330 mglkg for soil invertebrates was developed after a review of over 152 

technical studies. Of these, 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 mglkg) was just 

slightly less 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 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 mglkg). Because the bioavailability of barium in the soil at 0 5 ~ ~ 0 6  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 was found that met the necessary 

evaluation criteria (U.S. EPA, 2003b). The study was the same study referenced in Efroymson et al., 

(1997b), but the Eco SSL document reported a maximum acceptable toxicant concentration (MATC) of 

1,414 mglkg 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 of 500 mglkg barium, which was the 

lowest concentration tested (Efroymson et al., 1997b). In another study cited in Efroymson et al., 

(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 mglkg 

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 ORNL plant 

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 area. 

In summary, risks to plants and invertebrates from barium in the surface soil 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 further evaluation for these 

receptors. 

Cadmium 

Cadmium was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (31.1 mglkg) exceeded the Region 5 screening level of 0.00222 mglkg 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 and soil invertebrates: 

U.S. EPA Eco-SSL for soil invertebrates - 140 mglkg (U.S. EPA, 2003a) 

U.S. EPA Eco-SSL for plants - 32 mglkg (U.S. EPA, 2003a) 

The U.S. EPA Eco-SSL for soil invertebrates of 140 mgkg 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 MATC or EC10 values (based on growth, population, or 

reproduction) reported for each of three test species evaluated under six separate test conditions of pH 

(U.S. EPA, 2003a). The U.S. EPA Eco-SSL for plants (32 mglkg) was developed after a review of over 

716 technical studies. Of these, 14 studies were accepted 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 COPC 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 COPC because the maximum detected soil concentration 

(1 12 mglkg) in sample 05SB060002 exceeded the Region 5 screening level of 0.4 mglkg and was greater 

than background concentrations. However, even though the EDQL is based on risks to invertebrates, the 

following alternate benchmark was used to further evaluate risks to plants and soil invertebrates: 

Canadian SQG - 64 mglkg (EC, 1999f) 

As presented in the supporting document for the Canadian SQG for chromium (EC, 1999f), the Canadian 

guideline for total chromium (64 mglkg) is the geometric mean of the threshold effects concentration 

(TEC) of 78 mglkg for risks to plants and invertebrates and the nutrient and energy cycling check value 

(NECC) of 52 mglkg. The TEC is the 6Ih 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 mgkg 

to 900 mglkg) were greater than the no effects concentrations for plants (10 mglkg to 230 mgikg) 

indicating invertebrates are less 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 retained as a COPC for risks to invertebrates. 

The maximum concentration of chromium at SWMU 5 is greater than the SQG, which is based on effects 

to plants; no other samples had detected concentrations of chromium that were greater than the SQG. 

Because chromium was detected at a concentration in one sample that exceeded the SQG, 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 mglkg) exceeded the Region 5 screening level of 2.96 mglkg 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 mglkg (CCME, 1997c) 

ORNL Plant - 100 mglkg (Efroymson et al., 1997b) 

ORNL Earthworm - 60 mglkg (Efroymson et al., 1997a) 

The Canadian SQG for copper (63 mglkg) is the 25th percentile of effects and no effects data distribution 

for plants and invertebrates, which is the 17 '~ of 69 data points and corresponds to an effect on radish 

seedling emergence. The ORNL benchmark for copper for plants (1 00 mgkg) 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 al., 1977). The ORNL benchmark for copper for invertebrates (60 mgkg) was 

based on toxicity data from 10 to 20 studies. 'The endpoints for most of the studies cited in Efroymson et 

al., (1 997a) are survival or impacts on reproduction (i.e., cocoon production, hatchling success). Because 

there were more than 10 studies, the benchmark was based on a loth percentile LOEC value. However, 

a review of the data in Appendix A.l of Efroyrnson et al., (1997a) shows that most of the studies cited in 

that document have NOECs that are greater than 60 mgkg. 
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Copper concentrations were greater than the SQG and the ORNL benchmark for earthworms in five of 

the eight samples collected at SWMU 5. Copper concentrations were 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 northern 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 heavily 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 COPC because no Region 5 screening level is available and the maximum 

iron concentration of 105,000 mgikg in sample 05SB060002 was greater than the background 

concentrations. According to the ECO-SSL for iron (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 data 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 that the 

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 mglkg) exceeded the Region 5 screening level of 0.05373 mglkg 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 - 11 5 mglkg (U.S. EPA, 2003e) 

Eco-SSL for soil invertebrates - 1,700 mglkg (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 the 

Eco-SSL for plants. The Eco-SSL for soil invertebrates is the geometric mean of the MATC values for 

one test species (Folsomia 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 mglkg). 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 

concentrations 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 
t 

Mercury was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB010002 (0.43 mglkg) exceeded the Region 5 screening level (0.073 mglkg) and was greater than --% 

the background concentrations. However, even though the most recent soil ESL of 0.1 mglkg 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 mgkg (EC, 19999) 

As presented in the supporting document for the Canadian SQG for mercury (EC, 1999g), the Canadian 

guideline of 12 mgkg for mercury is based on the 25'h percentile of effects and no effects data distribution 

for plants and invertebrates. The 25'h percentile is the 6'h of 22 data points and corresponds to an EC50 

for turnip seedling emergence (50 mglkg). The EC50 value of 50 mglkg was then divided by an 

uncertainty factor of 4 considering the importance of definitive effects data. In Appendix Vlll of the 

supporting document, NOECs for earthworm survival were reported at 96 mglkg and 100 mglkg 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 acceptable Additionally, the maximum mercury detection was reported for a sample that 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 

Silver was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (7.5 mglkg) exceeded the Region 5 screening level of 4.04 mglkg 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 mglkg (Efroymson et al., 1997b) 

ORhlL Microorganisms - 50 mglkg (Efroymson et al., 1997a) 

The ORNL plant benchmark for silver (2 mglkg) is based on a report of unspecified toxic effects on plants 

grown in a surface soil with 2 mglkg silver (Efroymson et al, 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 mgkg (Efroymson et al., 1997a). There is uncertainty in the sensitivity of 

an earthworm to silver versus the sensitivity of 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 at., 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 COPC 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, but risks to soil invertebrates are not likely. Therefore, risks to 

plants are unacceptable; silver is retained as a COPC 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 - 

Tin was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB080002 (849 mglkg) exceeded the Region 5 screening level of 7.62 mglkg 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 so the following alternate benchmarks were used to further evaluate 

risks to plants and soil invertebrates: 

ORlVL Plant - 50 mglkg (Efroymson et al., 1997b) 

ORNL Microorganisms - 2,000 mglkg (Efroymson et al., 1997a) 

The ORNL benchmark for plants is the only alternate benchmark available for risks to plants. The 

50 mglkg value is based on two studies conducted in soil. Both studies measured growth as the 

endpoint. In the first study, shoot weight of bush beans were reduced by 22% when grown for 17 days in 

500 mglkg tin while 50 mglkg had no effect. The second study reported unspecified toxic effects on 

plants grown in 50 mglkg 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 COPC for risks to plants. Based on the heavy vegetation at the site, however, tin 

does not appear to be significantly 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 mglkg (Efroymson et al., 1997a). The maximum detected tin -*'-h, 

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 because the maximum tin detection is below the 

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 was initially selected as a COPC because the maximum detected soil concentration in sample 

05SB060002 (5,110 mglkg) exceeded the Region 5 screening level of 6.62 mgkg and was greater than 

background concentrations. However, even though the EDQL is based on risks to invertebrates, the 

following alternate benchmark was used to further evaluate risks to plants and so11 invertebrates: 

Canadian SQG - 200 mglkg (EC, 1999d) 

The Canadian SQG (200 mglkg) 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 SQG 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 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 mgkg, indicating that earthworms 

appear to be less sensitive to zinc than plants. Zinc concentrations were greater than the SQG in five of 

the eight samples collected at SWMU 5. Therefore, risks to plants and invertebrates from zinc in the soil 

are possible and zinc is retained as a COPC for risks to these receptors. Because zinc is a 

bioaccumulative 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 common 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 samples at 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 noted 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 sediment 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, 1993), a 

sediment concentration of 60 nglkg 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 (TEQ) value. The fish 

TEFs for OCDD, OCDF, and 1,2,3,4,6,7,8-HPCDD are 0.0001, which converts the detected 

concentrations of these individual dioxins to TCDD TEQ values of 0.61, 0.022, and 0.02 nglkg, 

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 TEQ values of 0.42 and 1.1 nglkg, respectively. The 
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summation of these converted values (i.e., the sum TEQ value) is much less than 60 nglkg. 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 COPCs for 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 this ERA. 

Cis-l,2-dichloroethene and Trichloroethene 

Cis-l,2-dichloroethene and trichloroethene were initially selected as COPCs because their maximum 

detected sediment concentrations of 1 mglkg and 0.7 mglkg, respectively, in sample 05SD020006 

exceeded the Region 5 screening levels. These VOCs were both detected in one of four samples 

collected. The updated EDQLs (now called ESLs) were used to further evaluate risks to sediment 

invertebrates from exposure to VOCs in the sediment, as follows: 

Cis-l,2-dichloroethene ESL - 0.654 mglkg (U.S. EPA, 2003) 

Trichloroethene ESL - 0.1 12 mglkg (U.S. EPA, 2003) 

The detected concentrations are greater than the new ESLs; however, the location of the maximum 

concentration (05SD02) 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 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 (05SD03) which indicates that they are either volatilizing and/or diluting after a short 

distance (see Figure 5-1 1). 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. Therefore, potential 

risks to aquatic receptors from VOCs in the sediment are acceptable and cis-l,2-dichloroethene and 

trichloroethene are not retained as COPCs. 

P AHs 

PAHs were initially selected as COPCs because they were detected at concentrations greater than the 

EDQLs. Although 2-methylnaphthalene and dibenzo(a,h)anthracene were the only PAHs detected at 

maximum concentrations exceeding the Region 5 screening levels, total PAHs were evaluated instead of 

11011O/P 5-81 CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9,10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 82 of 103 

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 mglkg. 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 mglkg (MacDonald et al., 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; 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 

concentration is less than the consensus-based TEC indicating risks to sediment dwelling organisms are 

not expected. 
* 

Therefore, risks from PAHs (including 2-methylnaphthalene 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 PAHs are evaluated in Section 5.7.6.2 of this ERA. 

Aroclor-1260 was initially selected as a COPC because the maximum detected sediment concentration in 

sample 05SD020006 (0.17 mglkg) exceeded the Region 5 screening level of 0.034 mglkg. The most 

recent EDQL (now called ESLs) (US. 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 mgtkg (MacDonald et al., 2000) 

Consensus-based PEC - 0.676 mglkg (MacDonald et al., 2000) 

The sediment ESL is the consensus-based TEC as described above for PAHs. The PEC was derived 
'4" " -+b. 

similarly to the TEC but is the geometric mean of the probable effect levels (PELS; Smith et al., 1996), 

effect range median values (ER-Ms; Long and Morgan, 1991), severe effect levels (SELs; Persaud et al., 
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1993) and Toxic Effect Thresholds (TETs; Ec and MENVIQ, 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 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 so Aroclor-1260 is not retained as a COPC for risks to sediment dwelling invertebrates. 

Because Aroclor-1260 is a bioaccumulative chemical, risks to piscivorous wildlife from Aroclor-t248 are 

evaluated in Section 5.7.6.2 of this ERA. 

Aluminum 

Aluminum was initially selected as a COPC because a Region 5 screening level is not available and the 

maximum concentration (7,660 mglkg) is greater than the upgradient sediment concentration. The 

alternate benchmark selected for aluminum is the TEL of 25,500 mgkg (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 al., 2000). The maximum 

aluminum (7,600 mglkg) in sample 05SD050006 was less than the TEL. Therefore, risks to sediment 

dwelling 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 COPC because a Region 5 screening level is not available and the 

maximum concentration (5.8 mgkg) is greater than the upgradient sediment concentration. The alternate 

benchmark selected for antimony is the ER-L of 2 mglkg (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 loth percentile of the data and 

indicates the low end of the range of concentrations in which effects were observed or predicted. The 

ER-M is the 50Ih percentile of the data and indicates the point above which adverse effects to sediment 

invertebrate are probable. The ER-M for antimony is 25 mglkg. 
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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. Therefore, 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 rnglkg in the sediment sample collected at 05SD02. This 

concentration just slightly exceeded the 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. 
P " T . 4  

Barium 

Barium was initially selected as a COPC because a Region 5 screening level is not available and the 

maximum concentration (148 mgkg) 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 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. Barium was detected in all four sediment samples at SWMU 5 at concentrations ranging from 

76.6 rnglkg to 148 mgkg) which are greater than the AET and the upgradient sediment concentration 

(55 mglkg). To put the concentrations in perspective, the barium concentrations in all of the sediment 

samples are within the soil background data set for NSWC Crane (24.8 mgkg - 155 mgkg). 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 

Cadmium was initially selected as a COPC because the maximum detected sediment concentration 

(2.5 mglkg) exceeded the Region 5 screening level of 0.596 mglkg and was greater than the upgradient 

sediment concentration. 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 cadmium in the sediment, as follows: 

Consensus-based TEC - 0.99 mglkg (MacDonald et al., 2000) 

Consensus-based PEC - 4.98 mglkg (MacDonald et al. 2000) 

The maximum cadmium concentration is greater than the TEC, but less than the PEC. Based on the 

toxicological basis of 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 mglkg) exceeded the Region 5 screening level of 16 mglkg and was greater than the upgradient 

sediment concentration. 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 copper in the sediment, as follows: 

Consensus-based TEC - 31.6 mglkg (MacDonald et al., 2000) 

Consensus-based PEC - 149 mglkg (MacDonald et al., 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 is a 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 as a COPC because the maximum detected sediment concentration in sample 

05SD050006 (130 mglkg) exceeded the Region 5 screening level of 31 mgkg 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 mgtkg (MacDonald et al., 2000) 

Consensus-based PEC - 128 mgkg (MacDonald et al., 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 and the 

maximum concentration (812 mglkg) 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 mgkg (OMOE, 1993) 

Canadian Sediment Guidelines SEL - 1,1 00 mgkg (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 rr*k 

calculating the 90Ih percentile of the concentrations evaluated in toxicity studies where a species was 
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present, and then plotting the goth percentile concentrations for all of the species considered to develop 

the guideline. The !jth percentile of the plot was selected as the LEL for metals and the 95Ih percentile 

from the plot was selected as the SEL for metals. 

Manganese was detected at a maximum concentration of 812 mg/kg in sample 05SD030006 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 the LEL 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 not great 

enough to warrant carrying manganese through a BERA and manganese is not retained as a COPC. 

Vanadium 

Vanadium was initially selected as a COPC because a Region 5 screening level is not available and the 

maximum concentration (1 6.7 mglkg) is greater than the upgradient sediment concentration. The only 

available alternate benchmark for vanadium is the AET of 57 mglkg (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 

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 mglkg to 

16.7 mglkg, which were less than and only slightly greater than the concentration in the upgradient 

sample of 15.1 mglkg 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 as a COPC for risks to sediment dwelling invertebrates. 

Zinc 

Zinc was initially selected as a COPC because the maximum detected sediment concentration 

(243 mglkg) in sample 05SD050006 exceeded the Region 5 screening level. All other concentrations 

from this site were at or below 11 0 mglkg. 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 zinc in the sediment, as follows: 
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- Consensus-based TEC - 121 mglkg (MacDonald et al., 2000) 

Consensus-based PEC - 459 mglkg (MacDonald et al. 2000) 

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 (WQS) for surface water have been 

developed for lndiana (IDEM, 1998). In addition, U.S. EPA has established water-quality criteria (WQC) 

for a few contaminants (U.S. EPA, 2002). The Indiana WQS were not used in the evaluation because the +-A 

WQS are based on the dated U.S. EPA WQC. Therefore, it is more appropriate to use the updated U.S. 

EPA WQC. 

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, USEPA Region 5, IDEM, and TtNUS. During that 

site visit, it was noted that the creek by 05SD02 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 of 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, IL.S~, 
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or other wet times of the year. Therefore, there is no potential for fish to live in this area and little 

potential for aquatic organisms. 

The following paragraphs present the Step'3a evaluation for evaluating risks to aquatic organisms. 

Total PECDD 

Total PECDD was initially selected as a COPC because the maximum detected surface water 

concentration at sample location 05SW04 (0.0000094 pg/L) exceeded the Region 5 screening level of 

0.000000278 pg/L. PECDD has a TEF of 1.0 indicating that its toxicity is similar to 2,3,7,8-TCDD. In the 

Interim Report on Data and Methods for Assessment of 2.3.7,B-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 pg/L for waters with a POC of 0.2 mg/L, and 0.0000031 pgR for waters 

with a POC 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 .I, 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-l,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 pg/L at sample location 

05SW0201 and is less than - the current ESL for trans-l,2-dichloroethene of 970 pg/L. Therefore, 

cis-l,2-dichloroethene is not expected to effect aquatic organisms so risks are acceptable; 

cis-l,2-dichloroethene is not retained as a COPC. 

Trichloroethene 

Trichloroethene was initially selected as a COPC because the maximum detected surface water 

concentration (120 pg/L) in sample 05SW0201 exceeded the Region 5 screening level of 75 pg/L. The 

maximum concentration also exceeds the new ESL of 47 pgR which is based on the ORNL Tier I1 

- 
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method. Trichloroethene was detected in one other sample at a concentration (48 pg/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 pg/L for 

daphnids, and the population effects concentration (EC)20 for 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 r""155 

concentration (85 pg/L) exceeded the Region 5 screening level of 9.2 pg/L. However, the maximum 

concentration is less than the current ESL for vinyl chloride of 930 pg/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 EDQL is not available and the maximum 

concentration (204 pg/L) was greater than the site-specific upgradient surface water concentration. 

Aluminum was detected in unfiltered surface water samples only (204 pg/L in sample 05SW0301) but 

was not detected in the filtered surface water samples. Because the filtered samples represent the 

bioavailable portion of the metals (U.S. EPA, 1992), the filtered surface water results are most indicative 

of the level of direct risk to aquatic receptors. Therefore, risks to aquatic receptors from aluminum are 

considered acceptable and aluminum is not retained as a COPC for risks to aquatic organisms. 

Iron was initially selected as a COPC because an EDQL is not available and the maximum concentration 

was greater than the site-specific upgradient surface water concentration. The maximum detected iron - 
.+ .. .-' 
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concentration was 1,520 pg/L in unfiltered samples and 594 pg/L in filtered samples at 05SW04. Other 

filtered sample concentrations were 577 pg/L (in sample 05SW03) and less. 

The U.S. EPA WQC (U.S. EPA, 2002) for iron is 1000 pg/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 initially 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: 

ORhlL SCV - 120 pg/L (Suter and Tsao, 1996) 

The ORNL chronic benchmark was developed using the Tier I1 method described in the U.S. EPA's 

Proposed Water Qualitv 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 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 maximum detected concentration was 315 pg/L (unfiltered) and 304 pg/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 COPC 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 (US. EPA, 2000). Separate 

discussions are provided below for evaluations of potential risk to insectivorouslherbivorous 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 EEQs. Table 5-35 

presents a summary of the Step 3a evaluation for terrestrial wildlife. 

5.7.6.2.1 Risks to Insectivorous/Herbivorous Rece~tors 

Table 5-31 presents the terrestrial wildlife model EEQs based on conservative input parameters for 

terrestrial surr~gate species (meadow vole, short-tailed shrew, American robin, and bobwhite quail). In 

general, NOAEL EEQs for dioxins are less than 1.0 for the meadow vole and bobwhite quail. However, 

many NOAEL-based EEQs for dioxins were greater than 1.0 for the short-tailed shrew and American 

Robin. For most inorganics, NOAEL based EEQs were greater than 1.0 for the short-tailed shrew, ,+.-, 

American robin, and bobwhite quail. Few EEQs were greater than 1.0 in the meadow vole model. 

Table 5-32 presents the terrestrial wildlife model EEQs based on average exposure input parameters for 

those chemicals with NOAEL based EEQs greater than 1.0 under the maximum input, conservative 

scenario. The results of the robin model yielded more EEQs that were greater than 1 .O, than the models 

for the other receptors. NOAEL EEQs for three individual dioxins and four total dioxins were greater than 

1.0 in the robin model but the LOAEL EEQs were greater than 1.0 for only two total dioxins. NOAEL 

EEQs for two total dioxins were greater than 1.0 in the shrew model but no LOAEL EEQs were greater 

than 1 .O. The NOAEL and LOAEL for birds used in the food chain model are based on a study in which 

egg production and hatchability was significantly reduced among birds receiving 0.0001 4 mgkgld 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 0.00001 4 mgikgld dose was considered to be 

a chronic NOAEL and the 0.00014 mgkgld 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 0.0001 and 0.00001 ~glkgld dose of 

2,3,7,8-TCDD but no significant differences were observed at the 0.000001 mglkgld dose level. Because 

the study considered exposure throughout 3 generations including critical lifestages (reproduction), ,. . L 

0.000001 mglkgld dose was considered to be a chronic NOAEL and 0.00001 mglkgld dose was 
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considered to be a chronic LOAEL. Therefore, it is possible there may be some reproductive effects to 

mammals and birds exposed to dioxins in 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 .O. 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 05SB060002, 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 

the 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 food chain. However, there is a lot of uncertainty in this conclusion because the 

bioavailability of 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 greater than 1.0 in the raccoon food chain model; however, only Aroclor-1260 and 

the inorganics had LOAEL based EEQs greater than 1.0 in the raccoon model. Only Aroclor-1260 and 

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 .O. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 94 of 103 

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 .O, actual risks to piscivorous wildlife are unlikely for the following 

reasons: 

The water 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 overestimates the exposure 

dose to the raccoon, which then increases the calculated EEQs. 

The only PCB detection was at sample location 05SD05, 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. Table 5-35 

summarizes this Step 3a evaluation for wildlife. 
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5.7.7 Ecolowical Risk Uncertaintv Analvsis 

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 very 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 (presented 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 seven inorganics are considered important bioaccumulative chemicals (U.S. EPA, 2000). 

Dioxins and metals were detected at SWMU 5 and these chemicals are bioaccumulative. However, the 

low EEQs in the food chain models conducted for SWMU 5 indicate that these compounds are not 

causing great risks to small insectivorous/herbivorous mammals. For example, the greatest risks from 

dioxins occurred for the robin with the average input LOAEL EEQs for total TCDD and total TCDF 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 because the accumulation 

factors from soil to wildlife, soil to plants, and soil to invertebrate 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 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 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 wren from consuming aboveground insects. Risks to the worm 
.I.%, 

eating 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 

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 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 detection at 05SB006. As presented in Section 5.7.5.1, the field log sheet from 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5,9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 97 of 103 

this sample location indicated that metal shavings were present in 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 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 the 

chemicals without toxicity data were 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). 

However, 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 

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 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 and proceeding further into the BERA. 

It was determined that the concentrations of dioxins in the surface soil 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 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9, 10 

Revision: 4 
Date: July 2005 

Section: 5 , -. 

Page 98 of 103 

cis-l,2-dichloroethene, but it is unlikely that cis-l,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-l,2-dichloroethene in the soil is adversely impacting plants or invertebrates. Finally, 

bis(2-ethylhexy1)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 plapts 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 not 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 sheets (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 sample 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 impacting the plant community in this 

area. However, whether there are subtle effects to the plants cannot be 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 inorganic 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 as COPCs for risks to plants or invertebrates. Also, because dioxins and several 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 dioxins, two VOCs, two SVOCs, one PCB, and 

nine inorganics 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 andlor 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 the two VOCs 

are greater than the new ESLs, the location of the maximum concentration (05SD02) 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 (05SD03) which indicates that they are either 

volatilizing andlor diluting after a short distance (see Figure 5-1 1). 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 05SD02 (the location of the PCB detection), potential risks in the vicinity of location 05SD02 are 

not great enough to warrant carrying 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 05SD02 and 05SD05 generally had the greatest concentrations of most metals. The 

creek by 05SD02 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 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. r*ra* 

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. 

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. 

Aquatic Orqanisms 

After the initial screening, dioxins, three VOCs and three 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 maximum detected concentration of PECDD is greater than water concentrations associated with low c1 

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 streams 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-l,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. For the reasons presented above, risks from organic chemicals in the 

surface water are acceptable so no organic chemicals were retained as COPCs for 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 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 5 are acceptable 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. 

Summarv of Food Chain Modeling 

After the initial screening, several organic and inorganic chemicals were initially selected as COPCs for 

potential risks to mammals and birds. In Step 3a, dioxins and seven inorganics in soillsurface water were 

included in the food chain model for insectivorous and herbivorous mammals and birds. Also, dioxins, 

one PAH, one PCB, and four inorganics in sedimenffsurface 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, andlor 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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Risks to Insectivorous/Herbivorous Receptors 

In the less conservative food chain model, the results of the robin model yielded more EEQs that were 

greater than 1 .O, than the models for the other receptors. NOAEt and LOAEt 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. Because 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 .O. 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 undoubtedly analyzed along with the soil. Therefore, 
-@--a 

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 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 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 1.0 in 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 .O, actual risks to piscivorous wildlife are unlikely for the following reasons: 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4, 5.9, 10 

Revision: 4 
Date: July 2005 

Section: 5 
Page 103 of 103 

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 LOAELs used in the raccoon food chain model are lower 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 05SD05, 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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. . 

Miscellaneous 
?aremeters(') 

X 

N A 

X 

X 

X 

N A 

X 

X 

N A 

X 

X 

N A 

X 

X 

N A 

X 

X 

N A 

X 

X 

- X 

N A 

X 

X 

N A 

X 

X 

N A 

X 

X 

N A 

X 

N A 

N A 

N A 

. . 

N A 

X 

X 

N A 

X 

X 

N A 

X .  

X 

N A 

X 

N A 

. NA 

N A 

X 

N A 

X 

X 
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SEDIMENT 

Location 

05SB07 

05SB08 

Sample Number 

05SB070002 

05SB070102 

05SB070608 

05SB080002 

05SB080102 

Sample 
Depth 

0 - 2 feet 

1 - 2 feet 

6 - 8 feet 

0 - 2 feet 

1 - 2 feet 

TOC 

TOC 

TOC 

TOC 

TOC 

GROUND WATER 

Analyses 

05SWISD01 

05SWISD02 

05SWISD03 

05SW/SD04 

05SWISD05 

05-06 

05-07 

05-08 

05-09 

0 - 6 inches 

O - inches 

O - inches 

O - inches 

O - inches 

X 

X 

X 

X 

X 

05GW0601 

05GW0701 

05GW0801 

05GW0901 

Dioxins/ 
Furans 

X 

N A 

X 

X 

N A 

App. lX 
VOCs 

(82608) 

N A 

X 

X 

N A 

X 

X 

X 

X 

X 

X 

05SD010006 (upgradient) 

05SD020006 

05SD030006 

05SD040006 

05SD050006 

App. lX 
SVOCs 

(PAHs via 
SIM) 

X 

N A 

X 

X 

N A 

App. lX 
VOCs 

(801 58) 

N A 

X 

X 

N A 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TAL 

Metals + 
Sn 

X 

N A 

X 

X 

N A 

App. IX 
Pest.lPCBs 

X 

N A 

X 

X 

N A 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Cyanide 

X 

N A 

X 

X 

N A 

App. IX 
Herbicides 

X 

N A 

X 

X 

N A 

Miscellaneous 
parameters( ') 

N A 

N A 

N A 

N A 

N A 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N A 

N A 

N A 

N A 
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Sample Number 

I I I I I I I I 

05T03 05GWT0301 X X X X X X X X N A I 
SURFACE WATER 
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App. IX = Appendix IX. SIM = Selective ion monitoring. 
NA = Not analyzed. Sn = Tin. 
PAHs = Polycyclic aromatic hydrocarbons. SVOCs = Semivolatile organic compounds. 
Pest/PCBs = Pesticides and polychlorinated biphenyls. VOCs = Volatile organic compounds. 
TAL = Target analyte list. 

Note: Sample numbers ending with "F" were field filtered prior to metals analyses. 

1 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. 
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Moxlns $fig) 

1.2.3.4.6.7.8.9-OCDD 824 J 415 J 1220 J 

1.2.3.4.6.7.8.9-OCDF 9 5  J 17.7 J 85.9 J 

1.2.3,4,6.7.8-HPCDD 25.1 BJ 49.3 BJ 103 J 

1.2.3.4,6.7.8-HPCDF 12.1 BJ 304 J 49 J 

Sample ldentlllcallon 

D.plh Range (leal bps) 

S d l  croup: 

 VINYL CHLORIDE I 

05SB010002 

0 - 2  

3 

TOTAL HXCDF 

TOTAL PECDF 

TOTAL TCDD 

TOTAL TCDF 

05SB010102 

1 - 2  

3 

311 U 

531 U 

I 6 1  U 

688 U 

05S8020002 

0 - 2  

3 

254 J 

312 U 

5 6  U 

443 U 

05SB020102 

1 - 2  

3 

974 U 

139 U 

382 U 

182 U 

05SBO3OCQ2 

0 - 2  
3 

1 5 U  

1 3 J  

0 3  U 

0 2  U 

05s 

372 U 

574 U 

133 

648 U 

1 - 2  

3 

1390 U 

1970 U 

404 

2100 U 

0 - 2  
3 

229 U 

315 U 

661 U 

310 U 

1 - 2  

3 

28.6 U 

388 U 

116 U 

52 4 

0 - 2  

3 

1 - 2  

3 

0 - 2  

3 

1 - 2  

3 

0 - 2  

3 

1 - 2  

3 

0 - 2  

3 

1 - 2  

3 
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-- 

Sample ldentlflcallon 05SBOtW02 05S8010102 0558040102 0558050002 0558050102 0558060002 0558070102 0558080002 0558080102 

DepUl Range (feel bgs) r 0.2 1.2 0.2 I..2 o - 2  l.2 0.2 I.z o - 2  11 I .2 
Soll Group: 3 

PHENANTHRENE 1 730 1 1 60 1 48 I 8OOU 1 1 1700 1 1 430 1 1 200 1 I 8.00 U 1 

- - - - - - \ ,-- -, 
4 4  DDE I 4 0 U  I I 4 0 U  I I 4 3 U  ( I 3 9 U  I I I O R  I ) 6 Z R  I I 4 1 U  I 1 6 7  1 
AROCL0R.i 254 1 4 0 U  I 1 4 0 U  I 1 4 3 U  I 1 3 9 U  I 1 220 1 150 I IOOJ 1 1 240 ( 
Herblcld.8 Umg) 
2 4 5-1 1 3 2  UJ I 1 3 3  UJ ) 1 3 5 U J  I ( 3 2 U  I 1 3 2  UJ I I l O J  I I 3 3  UJ I 1 1 6 J  I 
2 4 D  I 3 2  UJ I 1 3 3 U J  I I 3 5 U J  I I 3 2 U  I ( 3 2  UJ I 1 3 3 U J  ( I 3 3  UJ 1 I 3 2 U  1 
PENTACHLOROPHENOL I 0 8 l U  1 I 2 7 J  I I 2 4 J  I I 0 8 0 U  I 1 12 1 1 4 5  1 1 5 8 J  I 1 4 5 R  I 

Blank cells lndlcate the sample was not analyzed lor thls parameler. ME0 = mililequivalenls 

bgs - Below ground surtace. 

Dala Validation Oualitiers: 

U - Indicates lhal the chemlcal was not detected at Ihe numerical delectlon limit (sample-specltic quantilallon limit) noted. Nondetecled resUllS from the laboratory are repaned in thts manner. Thts qualiller is also added lo a positive result (reported by the laboratory) 

it Ihe detected concentration is determined to be anributable lo conlaminalion introduced dur~ng lield sampllng or laboratory analysis. 

UJ - lndlcales that Ihe chemlcal was not detecled. However, the delectron lhmlt (sample-specific ~~ant l la l io r i  limll) is considered lo be estimaled based on problems encountered during laboratory analysis. The assoclated numereal detection lhmit is regarded as Inaccurate 

or imprecise. 

J - lndlcales lhal the chemical was delecled. However, the associated numerical result is not a precise representation of the amounl lhat is actually presenl In the sample. The laboratory-reported concenlral,on is consldered to be an estlmate 01 the true concentratlon. 

UR - lndicates lhat the chemlcai may or may not be present. The nondetecled analytical result reported by the IaboralOV is considered to be unrellable and unusable. Thls qualilier is appl~ed in cases 01 gross technical deliciencies ( i e ,  holding tlmes missed 

by a tactor ol  hro tlmes the specified time limil, severe callbrat,on noncompliances, and extremely low quality control recoverles). 

R - lndlcales lhat the chemical may or may not be presenl The positive analyncal result reported by me laboratory is consldered lo be unreliable and unusable. Thls qualilier is applied in cases ol gross technical deliciencles. 

BU - lndlcates lhat the chem~cal was detected In lhis sample as wall as the associated laboralory method blank. but has been qualilled nondelecled resull as a taboratov blank contaminallon (i.e., concentralion was less lhan the blank action level). 

BJ - Indicates mat the chemlcal was detecled in lhis sample as well as the associated method blank, and is consldered estimated because the Concentration IS in excess of the blank aclion level 

Soil Group 3 - Alluv~al. Miss~ssippian, and Pennsylvanian surlace soil as per the 'Basemde Soil Background lnvestigatlon Report.' NSWC Crane, Indiana (TINUS. January 2001) 
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SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Detection Minimum Minimum Maximum Maximum Range of Location of Maximum Site Above 

Parameter ~requency"' Concentration Qualifier Concentration Qualifier Nondetects Concentration ~ a c k ~ r o u n d ? ' ~ '  

2,3,7.8-TCDF 718 2.8 325 0.2 05SB060002 --- 
TOTAL HPCDD 818 15.1 803 J --- 05SB060002 --- 
TOTAL HPCDF 618 21.9 J 792 J 0.54 - 106 05SB060002 --- 
TOTAL HXCDD 518 25.4 J 890 J 0.65 - 68.6 05SB060002 --- 
TOTAL HXCDF 118 25.4 J 25.4 J 1.5-1390 05SBO20002 --- 
TOTAL PECDF 118 1.3 J 1.3 J 31.2-1970 05SB040002 --- 
TOTAL TCDD 218 133 404 0.3 - 66.1 05SB060002 ' --- 
TOTAL TCDF 118 52.4 52.4 0.2 - 21 00 05s B080002 --- 
TCDD TEQ 818 0.68 226 --- 05SB060002 --- 
~n ics  (pglkg) 

1 ,I-DICHLOROETHENE 118 13 J 13 J 3 - 4 05SB060102 --- 
BENZENE 118 5 J 5 J 3 - 4  05SB060102 --- 
CIS-1.2-DICHLOROETHENE 218 8 2800 J 3 - 4  05SB060102 --- 

u 3 a n u 8 1 r i  - 
METHYLENE CHLORIDE 318 4 J 4 J 3 - 4  05SB030102, --- -- n F C R a 4 n 3  

TETRACHLOROETHENE 218 3 7 J 3 - 4 05SB0601 02 --- 
TRANS-1,2-DICHLOROETHENE 118 29 J 29 J 3 - 4  05SB060102 --- 
TRICHLOROETHENE 518 4 51 00 J 3 05SB060102 --- 
VINYL CHLORIDE 118 5 J 5 J 3 - 4  05SB060102 --- 
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PesticidesIPCB's (pglkg) 

6.7 I 1 3.9 - 4.3 1 05SB080002 I --- 
240 1 39 - 43 1 05S8080002 --- 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

CAS 
Number 

Herbicides (pglkg) 

93-76-5 )2,4,5-T 1 218 I 10 1 J I 16 ( J 1 3.2 - 3.5 1 05SB080002 I --- 

Semi-volatile Organics (pglkg) 

Location of Maximum 
Concentration 

87-86-5 ~PENTACHLOROPHENOL 5f7 2.4 J 

Site Above 
~ack~round? '~ '  Parameter 

12 I I 0.8 - 0.81 I 05SB050002 --- 

Detection 
~re~uency" '  

Maximum 
Qualifier 

Range of 
Nondetects 

Minimum 
Concentration 

Minimum 
Qualifier 

Maximum 
Concentration 
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Miscellaneous Parameter (ME011 00 g) 

Miscellaneous Parameter (mgkg) 
TTNUSOO3  TOTAL ORGANIC CARBON I 111 I 1700 I 1 .  1700 1 --- 05SB040002 I --- I 

TTNUS014  CATION EXCHANGE CAPACITY I 111 I 13 I J 

Miscellaneous Parameter (S.U.) 

1 - Associated Samples: 

05SB010002 

05SB010102 

05SB020002 

05SB0201 02 

05SB030002 

05SB030102 

05SB040002 

05SB0401 02 

13 I J I  --- 05SB040002 I --- 

TTNUS002 I ~ H  I 111 I 5.1 I J 

2 - Backgound Samples: 

BGlSBAOlOl 

BGI SBA0401 

BGI SBP0401 

BGI SBP0601 -MAX 

BGI SBP0701 

BG1 SBP0801 

BGI SBP0901 

BG3SBAO101 -MAX 

5.1 I J I  --- 

BG3SBA0301 --- Not Applicable 

BG3SBA0501 Bolding indicates that parameter is in excess c 
BG3SBM0201 

BG3SBM0401 CAS - Chemical abstract services. 

BG3SBM0601 ng - nanogram. 

BG3SBM0701 rng - milogram. 

BG3SBM0801 kg - kilogram. 
pg - microgram. 

MEQI100 g - Milliequivalent per 100 grams. 

Note: 
Surface soil samples were collected from the 0 to 2-foot depth interval. Samples collected fro all analyses other than VOCs were taken from the full interval. Samples collected for VOC 

analyses were taken from the 1 to 2-foot interval because the 0 to I-foot interval would be depelted n VOCs. 
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Dioxins (nglkg) 

1,2,3,4.6.7,8,9-OCDD 1 58.1J I 6 6 6 J  1 1330J 1 1520J 1 2 7 8 J  1 1250J 1 1760J 

1.2,3.4,6,7,8,9-OCDF 1 2.2 J 1 25.6 J 1 328 J 1 0.26 J I 10 J I 59 J I 477 J 

Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

TOTAL TCDF I 10 U I 109 U 1 36840 J 1 3.4 U 1 67.9 U 1 215 U 1 3040 U 

TCDD TEQ 0.98 I 10.1 I 464 1 0.81 I 9.2 I 46.8 I 280 

0558010810 

6 - 1 0  

9 

TOTAL HXCDD 

TOTAL HXCDF 

TOTAL PECDD 

TOTAL PECDF 

0558020406 

4 - 6  

8 

5 J 

4.4 U 

1.2 U 

7 U 

0558030507 

5 - 7 

8 

53.5 U 

55 U 

25.8 U 

71.5 U 

0558040204 

2 - 4  

8 

3040 J 

3940 J 
2280 J 

5740 J 

0558050608 

6 - 8  

8 

3.5 U 

2.3 U 

0.58 U 
2.7 U 

0558060608 

6 - 8  

8 

30.8 U 

72 J 

8.5 U 

67.3 

0558070608 

6 - 8  

8 

27.3 U 

243 J 

89.4 U 

396 U 

1100 J 

2010 U 

840 U 

2910 U 
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Semi-Volatiles (pg/kg) 

2-METHYLNAPHTHALENE I 7 U 1 120 1 2500 J ( 8.00 U 1 660 J I 150 1 25 

05SB050608 

6 - 8  

Soil Group: 

TRANS-1,2-DICHLOROETHENE 

TRICHLOROETHENE 

VINYL CHLORIDE 

XYLENES. TOTAL 

05SB040204 

2 - 4 

Sample Identification 

Depth Range (feet bgs) 

9 

3 U 

3 U 

7 

3 U 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 
BENZOIBIFLUORANTHFNF 

PHENANTHRENE I 12 I 210 1 2800J ( 8 .00U 1 310J  I 190 I 170 

PY RENE 9 190 1 3100J 1 8.00U 1 350J  1 1 8 0 J  I 870 

05SB010810 

8 -10  

8 

3 U 

3 U 

3 U 

3 U 

7 U 

7 U 
10 

BENZO(G.H,I)PERYLENE 7 U 

05SB020406 

4 - 6  

20 J 

7 
940 

75 

11 UJ 

130 

50 

18 J 

180 

BENZO(K)FLUORANTHENE 

BlS(2-ETHYLHEXYL)PHTHALATE 

CHRYSENE 

DlBENZO(A,H)ANTHRACENE 

FLUORANTHENE 

FLUORENE 

INDENO(1,2,3-CD)PYRENE 

NAPHTHALENE 

PesticidesIPCBs (pglkg) 

05SB030507 

5 - 7  

8 - 
7 

9 

76 

61 

78 

53 J 
67 J 

- 
7 U 

360 U 

7 U 

7 U 

10 

7 U 

7 U 

7 U 

5900 U 

5900 U 

1600 J 

1500 J 

5900 U 

5900 U 

5900 U 

5900 U 

1200 J 

4.4'-DDD 

AROCLOR-1254 

AROCLOR-1260 

DIELDRIN 

METHOXYCHLOR 

8 

3 U 

3 U 
3 U 

3 U 

5900 U 

5900 U 
- 

5900 U 

8.00 UJ 
ppp 

8.00 U 

400 UJ 

8.00 U 

8.00 UJ 

8.00 U 

8.00 U 

8.00 UJ 

8.00 U 

4.0 U 

150 

40 U 

4.0 U 

49 J 

3.5 U 

35 U 

35 U 

3.5 U 

18 U 

58 U 

580 U 

580 U 

58 U 

300 U 

8 

4 U 

4 U 

24 

10 

8.00 U 

8.00 U 
8.00 U 

8.0 

39 U 

39 U 

3.9 U 

20 U 

68 J 

34 UJ 

1 100 

150 J 

34 UJ 

120 J 

84 J 

39 J 

250 J 

3.9 UJ 

39 U 

39 U 

3.9 U 

20 UJ 

8 

3 U 

13 

160 

3 U 

100 J I 50 J 

93 J I 47 J 
140J  / 7 6 J  

8 

3 U 

9 

3 U 

3 U 

730 

650 

960 

37 J 260 J 

4.2 U 

42 U 

640 

7.4 

22 U 

1900 

70 J 

16 UJ 

61 J 

35 

20 J 

330 

14 R 

670 

40 U 

4.0 U 

28 J 

410 U 

840 

130 J 

830 

8 U 

240 J 

' 41 
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Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

lnorganics (mglkg) 

Miscellaneous Parameters 

Herbcides (pglkg) 

05SB040204 

2 - 4  

8 

05SB010810 

8 -10  

9 

CATION EXCHANGE CAPACITY (MEOIIOO g) 

pH (S.U.) 

TOTAL ORGANIC CARBON (rnglkg) 

05SB050608 

6 - 8 

8 

8.10 

7.60 J 

72000 

3.20 

7.20 , J 

1500 

05SB020406 

4 - 6 

8 

11 .O 

7.50 J 

23000 

05SB060608 

6 - 8  

8 

05SB030507 

5 - 7  

8 

05SB070608 

6 - 8  

8 
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Blank cells indicate the sample was not analyzed for this parameter. 

Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

bgs - Below ground surface. 
ME0 - milliequivalents 

Data Validation Qualifiers: 
U - lndicates 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 - lndicates 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 - lndicates 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 - lndicates that the chemical may or 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 - lndicates 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 - lndicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected 

05SB010810 

8 - 1 0  

9 

resultant of laboratory blank contamination (i.e., concentration was less than the blank.action level). 

05SB030507 

5 - 7 

8 

05SB020406 

4 - 6 

8 

BJ - lndicates 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. 

Soil Group 8 - Pennsylvanian subsurface day and silt as per "Basewide Background Soil lnvestigation Report," NSWC Crane, lndiana (TINUS, January 2001). 

Soil Group 9 - Pennsylvanian subsurface sand as per "Basewide Background Soil lnvestigation Report," NSWC Crane, lndiana (TtNUS, January 2001). 
' 

05SB040204 

2 - 4  

8 

05SB050608 

6 - 8 

8 

05SB060608 

6 - 8  

8 

05SB070608 

6 - 8 

8 
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CAS Detection Minimum Minimum Maximum Maximum Range of Location of Maximum Site Above 

Number Parameter ~requency'" Concentration Qualifier Concentration Qualifier Nondetects Concentration ~ackground?'~) 





TABLE 5-5 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

I Detection I Minimum I Minimum 1 Maximum I Maximum 1 Range of 1 Location of Maximum 1 site Above I 
Number 

7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7440-224 

Miscellaneous Parameters (ME011 00 g) 
IlTNUs014  CATION EXCHANGE CAPACITY 1 3 3  1 3.2 11 ... I 05SB050608 I -.. I 

Parameter 

LEAD 
MAGNESIUM 

7440-23-5 
7440-31 -5 
7440-62-2 
7440-66-6 

Misceilaneous Parameters (S.U.) 
IlTNUs002 1 p ~  1 3 3  1 7.2 I J 7.6 I J I  ..- 1 05SB030507 1 .-. 
Miscellaneous Parameters (mglkg) 

[~TNUSOO~ (TOTAL ORGANIC CARBON 1 313 1 1500 1 I 72000 I ..- 1 05SB030507 1 ... I 

MANGANESE 

MERCURY 
NICKEL 
POTASSIUM ' 

Sll-VER 

1 - Associated Samples: 
05SB010810 05SB050608 
05SB020406 05SB060608 

05SB030507 05SB070608 
05SB040204 

~ r e ~ u e n c y " '  

717 
717 

SODIUM 
TIN 
VANADIUM 
ZINC 

--- = Not applicable. 
Bolding indicates this parameter is in excess of background. 

717 ------ 
517 
717 
5ff 
417 

2 - Background Samples 
BG1 SBP0103 BG1 SBP0406-MAX 
BG1 SBP0204 BGiSBP0505 
BG1 SBP0206 BG1 SBP0603 

BG1 SBP0305 BG1 SBP0804 
BGlSBP0806 BG1 SBP1004 

Concentration 

8.2 
496 

317 
517 
717 
717 

CAS - Chemical absttract services. 
MEQ - Milliequivalents per 100 gram. 

S.U. - Standard units. 

157 
0.04 
8.8 
56 1 
1.7 

Quallfler 

J 
J 

500 
14 

9.6 
25.9 

J 

J 

J 
.I 

Concentration 

2880 
2590 

J 

1070 
93.2 
50.5 
1520 
16.1 

Qualifier 

J 
J 

1300 
324 
22.7 
301 0 

 ond detects 
- 
--- 

J - ... 

J 
J 

J 

05SB030507 -- 
05SB050608 
05SB030507 
05SB060608 
05S8030507 

J 
J 

Concentration 

05SB060608 
05SB060608 

YES 
YES 
YES 
NO 
YES 

0.04 
- 

399 - 449 
0.8 - 0.92 

399 - 462 
4.1 - 4.2 
.-- 
- 

~ackground?'~)  

YES 
NO 

05SB030507 
05SB060608 
05SB030507 
05SB060608 

YES 
YES 
NO 
YES 



TABLE 5-6 

SUMMARY OF POSITIVE GROUND WATER ANALYnCAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Well Number 

Sample Idenlfication 

I - Sample was des~gnaled the SWMU 5 upgradient gmund weler location. 

Blank cells indocale sample was not analyzed for this paremeter. 

Data Validatoon Ctualiliem: 
V - lnd~cales that the chem~cal was not detected at the numerical delection limit (sample-specific quantltation limit) noted. Nondetecled results Imm the laboratory are reporled in this manner. This qualifier 18 also added to s positivs result (reporled by the 

laboratory) 11 the detected concentration is determined lo be attributable to contamination inlmduced during field sampling or laborslory analysis. 
UJ . Indicates that the chemical was not detected. However, the detection limit (sample-specific quantilalion limit) is considered lo be estimated based on problems encountered during laboratory analysis. The associated numerical detection limit is regarded as 

Inaccurate or ~mprecise. 
J - indicates that the chemlcal was detected. However, lhe associated numerical result Is no1 a precise representstion 01 the amount lhat is actually present in the sample. The laboratory-reporled concentration is considered lo bs sn estimate of the trite 

concentration. 
UR - indicates thal the chem~cal may or may not be present. The nondetected analytical result reported by the laboratory is considsred lo be unreliable and unusable. This qualifier is applied in cases of gmss technical deficiencies (i.9.. holding times missed by a 

lactor of tm, times the specified time limit, severe caiibrauon noncomplisnces, and enremely low quality contml recoveries). 
R - Indicates thal the chemical mav or mav no1 be oresent. The Dositive analvlical results reDorted bv the laboratorv is considered to bs unreliable and unusable. This oualifier is a ~ ~ l i e d  In cases of amss technical deficiencies. 

Inorganlca (pglL) 

BU - indicates lhat lhe chemical wa; detecied n this sample as will as the assbciatsd laboratory methbd blank but has been qualified nondetecled msullant of laboratory blank mnia;ninallon (1.e.. micentration was less than the blank action level). 
BJ . lnd~cates thal Ihe chemical was detected in this sample as welt as the associated method blank, and is considersd sstimsted because the concenlralion is In excess of the blank action level. 

05-03 

06GW0301-F 

ALUMINUM 

ARSENIC 

BARIUM 

CALCIUM 

ITCDD TECt I I 1 5.2 1 1.9 ( 12.8 1 2.9 1 5.4 1 2.6 1 2.2 ( 2.2 1 1.7 1 9.7 1 8.1 ( 2.3 1 4.7 1 3.8 ( 15.9 1 
Volatile Organic* (p@L) 

CHLOROFORM I I 1 0 .3U I 0.3U I 0 . 3 U  1 0 .3V I 0.3V I 0 . 3 U  I 0 .3V  I 0.3U I 0.3U I 0.3U I 0.3U I 0 .3U  I 1 I 0 .3V  I 0 .3V  

06-13 

05GW1301-F 

CIS-? ,2-DICHLOROETHENE 

200 U 

0.14 

82.1 

22900 

1 1 U  I 1 U  I 1 V  I 1 U  I 1 U  I 1 U  I 1 V  I 1 V  I 1 U  1 3 1 1 U  I 1 U  I 1 V  I 1 V  1 1 U  

05-01 
05~W0101"' 
(upgradlent) 

Semi-volatile Organic* (pglL) 

200 U 

1.OU 

I45 

91500 

05-02 

OSGWMOI 

BtS(2-ETHYLHEXYL)PHTHALATE 1 

200 U 

0.82 

112 

55600 

I 2 U  I 2 U  I 2 U  I 4 B V  I 2 U  I 2 V  1 110 1 3 B V  I 2 V  ( 2 U  I 2 U  I 2 U  I 2 U  I 2 V  I 2 V  

2320 J 

1.OU 

90.6 

5000 V 

0 5 4  

05GWD301 

200 V 

1.2 

227 

75500 

200 V 

0.16 

188 

71300 

05-04 

06GWMOl 

200 V 

1.OU 

113 

72500 

200 V 

0.12 

88.1 

44800 

0646 

05GW040l 

06-08 

06GW0801 

05-07 

05GW0701 

341 J 

1.OV 

38.1 

72900 

05-08 

OlGWOWl 

200 U 

1.6 

118 

56000 

06-13 

OWWIjOl 

200 V 

0.20 

87.0 

22100 

200 U 

1.OU 

90.3 

48300 

200 U 

0.31 

38.3 

17200 

06-16 

06GW1601 

200 U 

1 . 0 V  

82.0 

56500 

06-16 

06GW1801 

200 U 

0.16 

54.5 

23200 

05-18 

O6GWlWl 

06T01 

06GWTOlOl 

O6TO2 

06GWTIm01 

Oh103 

06PWTOJ01 



TABLE 5-7 

GROUND WATER ANALYTICAL SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

CAS 
Number 

37871-00-4 

38998-75-3 

41 903-57-5 

Volatile Organics 

67-66-3 

156-59-2 

Dioxins (pg/L) 

Parameter 

7440-70-2 

7440-50-8 

7439-89-6 

Site Above 
Range of Location of Maximum Upgradient 

Nondetects Concentration ~ ~ ~ r a d i e n t ( ~ )  Concentration? 

Semi-volatile Organics (pglL) 

1 17-81-7  IBIS(^-ETHYLHEXYL)PHTHALATE ( 1/14 1 110 I I 110 I 
lnorganics (pglL) 

7429-90-5 IALUMINUM I 2/14 I 341 I J I  2320 I J  

TOTAL HPCDD 

TOTAL HPCDF 

TOTAL TCDD 

TCDD TEQ 

7439-96-5 

7782-49-2 

7440-23-5 

7440-62-2 

7440-66-6 

200 1 05GW0301 I ND I YES I 

Detection 
~ r e ~ u e n c ~ ( ' )  

CALCIUM 

COPPER 

IRON 

1 I I 0.14 I YES 05GW1501 
- 05GW0701 80.1 YES 

(pg/L) 
CHLOROFORM I 1/14 1 1 I I 1 I 
CIS-1,2-DICHLOROETHENE 1/14 1 3 3 

1/14 

1/14 

211 4 

14/14 

MANGANESE 

SELENIUM 

SODIUM 

VANADIUM 

ZINC 

5000 1 05GW0201 I 22900 I YES 

2 I 05GW0301 ND YES 

Minimum 
Concentration 

13114 

1114 

1311 4 100 I 05GW0301 I 658 I YES 

1 I 05GW0301 ND YES 

16.2 

2.4 

6.3 

1.7 

1011 4 

1114 

1011 4 

1114 ------ 
1/14 

5000 1 05GW0701 I 7000 I YES 

15 1 182 YES 05GW1501 

16.2 

2.4 

11.3 

15.9 

17200 

4.9 

150 

1 I 05GWT0301 I ND I YES 

5000 1 05GW0701 ND YES 

Maximum 
Qualifier 

Minimum 
Qualifier 

91 500 

4.9 

4440 

18.3 

1.4 

5120 . 

4.9 

25.5 
2 I 05GW0301 I ND I YES 

10 05GW0301 41.3 NO 

Maximum 
Concentration 

2270 

1.4 

28800 

4.9 

25.5 

J 

J 

Filtered Metals (pg/L) 

7440-39-3 

7440-70-2 

7439-89-6 

61.1 

6 1600 

137 

BARIUM, FILTERED 

CALCIUM, FILTERED 

IRON, FILTERED 

--- 
--- 
--- 

--- 
--- 
100 

--- 
--- 
--- 

2/2 

2/2 

1 12 

05GW0301 -F 
05GW1301-F 

05GW1301-F 

33.2 

5000 

137 



TABLE 5-7 

GROUND WATER ANALYTICAL SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - Associated Samples: 

05GW0201 05GW0701 05GW 1501 

05GW0301 05GW0801 05GW 1601 

05GW0301-F 05GW0901 05GW 1901 

05GW0401 05GW1301 05GWT0101 

05GW0601 05GW1301-F 05GWT0201 

05GWT0301 

2 - Upgradient Sample: B05GW0101 

--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

ND = Not detected. 

CAS = Chemical abstract services. 

pg = picograms. 

pg = micrograms. 

mg = milligrams. 

L = liters. 

Maximum 
Qualifier 

J 

J 

C AS 
Number 

7439-95-4 

7439-96-5 

7440-23-5 

Parameter 

MAGNESIUM, FILTERED 

MANGANESE, FILTERED 

SODIUM, FILTERED 

Detection 
~ r e ~ u e n c ~ " '  

1 I2 

212 

1 I2 

Site Above 
Upgradient 

upgradient@) Concentration? 
--- --- 
--- --- 
--- --- 

Range of 
Nondetects 

5000 
--- 

5000 

Minimum 
Concentration 

13200 

15.4 

5010 

Location of Maximum 
Concentration 

O5GW1301-F 

O5GW1301-F 

05GW1301-F 

Minimum 
Qualifier 

J 

J 

Maximum 
Concentration 

13200 

51.2 

5010 



TABLE 5-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Sample Identification 

Semi-volatile Organics (pg/L) 

Filtered Metals (pglL) 

05S~0101-~ ( "  
(upgradient) 

BlS(2-ETHYLHEXYL)PHTHALATE I I I I 
lnorganics (pg/L) 

Dioxins (pg/L) 

05SW0201-F 

TOTAL PECDD I I I 

2 

1 10.0 U 1 19.5 1 19.9 1 10.0 U 1 10.0 U ZINC 

Miscellaneous Parameters (mg/L) 

I I 3.30 UJ I 6.70 U I 7.20 U 1 9.40 1 7.00 U 

2 1 2 U  1 2 U  1 2 U J  

I I 

HARDNESS I 1 99.0 1 100 1 130 1 38.0 1 230 

05SW0301-F 

Volatile Organics (pglL) 

TOTAL SUSPENDED SOLIDS I I I I I I 5.0 1 52.0 1 2.0 U 1 15.0 2.0 

05S~0101"' 
(upgradient) 

1,l-DICHLOROETHENE 

CIS-1.2-DICHLOROETHENE 

TRANS-1.2-DICHLOROETHENE 

TRICHLOROETHENE 

VINYL CHLORIDE 

05SW0401-F 05SW0201 OSSWOSOl-F 

1 U 

1 U 

1 U 

1 U 

1 U 

05SW0301 

2 

290 

9 

120 

85 

05SW0401 

1 U 

110 

3 

48 

18 

05SW0501 

1 U 

1 U 

1 U 

1 U 

1 U 

1 U 

1 

1 U 

1 U 

1 U 



TABLE 5-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - Sample was designated at SWMU 5 upgradient surface water location 

Blank cells indicate sample was not analyzed for this parameter. 

Data Val~dation Qualifiers: 
U - lndicates that the chemical was nd detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results from the laboratory are 

reported in this manner. This qualiier 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 - lndicates 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 inaccurale or imprecise. 

J - Indicates that the chemical was detected. However, the associated numerical resun 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 - lndicates that the chemical may or 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 def~ciencies (i.e., holding times missed by a factor of two times the specified time limit, severe calibration 
noncompl~ances, and extremely low quality control recoveries). 

R - lndicates that the chemical may or may not be present. The positive analytical resuns reported by the laboratory is considered to be unreliable and unusable. This 
qualifier is appl~ed in cases of gross technical deficienc~es. 

BU - lndicates that the chemical was detected n this sample as well as the associated laboratory method blank but has been qualified non-detected resunant of laboratory 
blank contamlnatlon (i.e.. concentration was less than the blank action level). 

BJ - lndicates 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. 



TABLE 5-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Dioxins (pg/L) 

36088-22-9  TOTAL PECDD I I I4 I 9.4 I I 9.4 I 1 6.7 - 7.2 1 05SW0401 I --- 1 --- I 

Semi-volatile Organics (pg/L) 

1 17-81 -7  IBIS(^-ETHYLHEXYL)PHTHALATE I I I4 I 2 I I 2 I 1 2 I 05SW0201 I ---- I --- I 

CAS 
Number ~ ~ ~ r a d i e n t ' ~ )  Parameter 

Is Site Above 
Upgradient 

Concentration? 
Detection 

~ r e ~ u e n c ~ ' ' )  
Minimum 

Concentration 
Minimum 
Qualifier 

Maximum 
Concentration 

Location of 
Maximum 

Concentration 
Maximum 
Qualifier 

Range of 
Nondetects 



TABLE 5-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

I 0 I 05SWO501 I - I - 
lTNUS044  TOTAL SUSPENDED SOLIDS I 314 I 2 I 52 2 I 05SW0201 - - 

1 - Associated Samples: 

05SW0201 

05SW0201 -F 

05SW0301 

05SW0301 -F 

05SW0401 

05SW0401 -F 

05SW0501 

05SW0501 -F 

2 - Upgradient Samples: 

805SW0101 -F 

B05SW0101 

Range of 
Nondetects 

0 

10 

Maximum 
Qualifier 

CAS 
Number 

7440-23-5 

744&66-6 

ND = Not detected. 

CAS = Chemical abstract services. 

--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

pg = picograms. 

ng = nanograms. 

pg = micrograms. 

L = liters. 

Location of 
Maximum 

Concentration 

05SW0401 -F 

05SWO301-F 

Parameter 

SODIUM, FILTERED 

ZINC, FILTERED 

~ ~ ~ r a d i e n t " )  

27900 

ND 

Detection 
~ r e ~ u e n c ~ " '  

414 

214 

Is Site Above 
Upgradient 

Concentration? 

NO 

YES 

Minimum 
Concentration 

9150 

16.9 

Minimum 
Qualifier 

Maximum 
Concentration 

22800 

20 



TABLE 5-1 0 

Dioxins (ng/kg) 

1,2,3,4,6,7,8,9-OCDD I 7110 J I 6110J 1 2440J ( 1380J 1160 J 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

05SD050006 Sample Identification 

2,3,7.8-TCDD 

2,3,7,8-TCDF 

TOTAL HPCDD 

TOTAL HPCDF 

TOTAL TCDD I 0.75 I 33 U I 9.9 U I 6.6 U I 16.6 U 

TCDD TEQ 2.8 18.3 5.9 2.5 I 13.9 

Volatiles (pglkg) 

0.4 U 

1.4 J 

102 J 

5.8 J 

CIS-1,2-DICHLOROETHENE 

METHYLENE CHLORIDE 

TRICHLOROETHENE 

05SD010006"' 
(upgradient) 05SD030006 05SD020006 

1 

7.0 

422 

259 U 

05SD040006 

4 U 

4 J 

4 U 

Semi-Volatiles (pg/kg) 

0.42 J 

2.20 J 

137 J 

67.5 U 

1000 

5 J 

700 

4 U 

7 J 

4 U 

2-METHYLNAPHTHALENE 

ACENAPHTHENE 

ANTHRACENE 

BENZO(A)ANTHRACENE 

0.26 J 

2.3 J 

84 J 

6.8 U 

8 U 

8 J 

8 U 

14.0 

78.0 

95.0 

360 

10.0 U 

10.0 U 

10.0 U 

26.0 

3.7 

4.30 J 

22 1 

107 J 

6 U 

6 J 

6 U 

24.0 

10.0 U 

10.0 U 

23.0 

10.0 U 

10.0 U 

10.0 U 

19.0 

14 U 

14 U 

14 U 

14 U 



TABLE 5-1 0 

CHROMIUM I 13.4 J I 13.4J I 9.5 J I 6.9 J 1 17.4 J 

COBALT 9.5 5.9 I 5.7 4 I 5.8 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE2 OF 3 

COPPER I 12.0 J 1 24.3J I 15.0J I 9.5 J 1 37.1J 

IRON 1 24400J 1 9630J ( 10300J 1 5030J 1 14000J 

PHENANTHRENE 

PYRENE 

LEAD I 20.9 I 30.3 I 18.8 I 15.1 I 130 

MAGNESIUM 1540 J 1 1150J I 734 1 7 8 8 U  1 4010J 

670 

650 

Pesticides (vg/kg) 

31 .O I 25.0 

47.0 34.0 

AROCLOR-1260 I 42 U I 49 U I 50 U 

14 U I 22.0 

14 U 39.0 

67 U I 170 I 
Herbicides (vg/kg) 

0.96 UJ 

6.0 J 

HEXACHLOROPHENE I 0.85 U I 1.0 U I 1.0 U 

PENTACHLOROPHENOL 0.85 U 1.0 U 1.0 U 

3.1 J 

1.4 U 



TABLE 5-1 0 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE3 OF 3 

Miscellaneous Parameter fmalka) 

1 - Sample was designated at SWMU 5 as upgradient sediment location. 

Data Validation Qualifiers: 
U - lndicates 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 - lndicates 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 - lndicates 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 - lndicates that the chemical may or 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 - lndicates 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 - lndicates 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 - lndicates that the chemical was detected in this sample as well as the associated method blank, and is 
considered estimated because the concentration is 

Sample Identification 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

VANADIUM 

ZINC 

05SD030006 

812 J 

0.05 U 

14.5 

544 U 

11.0 

77.3 

05SD010006"' 
(upgradient) 

346 J 

0.03 

22.5 

464 U 

15.1 

53.2 

05SD040006 

109 J 

0.08 U 

10.3 

788 U 

10.2 

31.7 

05SD020006 

712 J 

0.04 

9.2 

554 U 

10.5 

110 

05SD050006 

328 J 

0.09 J 

12.8 

648 

16.7 

243 



TABLE 5-1 1 

CAS 
Number 

Dioxins (ng 

3268-87-9 

SEDIMENT ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Site Above 
Detection Minimum Minimum Maximum Maximum Range of Location of Maximum Upgradient 

Parameter ~ r e ~ u e n c ~ ( "  Concentration Qualifier Concentration Qualifier Nondetects Concentration upgradient") Concentration? 

Semi-volatile Organics (pglkg) 

Volatile Organics (pglkg) 

156-59-2 

75-09-2 

79-01-6 

J 

1000 

5 

700 

1000 

8 

700 

CIS-1.2-DICHLOROETHENE 

METHYLENE CHLORIDE 

TRICHLOROETHENE 

114 

414 

1 14 

J 

4 - 8 
--- 

4 - 8 

05SD020006 

05SD040006 

05SD020006 

--- 
--- 
--- 

--- 
--- 
--- 



TABLE 5-1 1 

SEDIMENT ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

CAS 
Number 

lnoraanics (malka) 

206-44-0 

193-39-5 

91-20-3 

Miscellaneous Parameter (mglkg) 

/TOTAL ORGANIC CARBON I 414 I 2600 I I 11000 I I --- 05SD040006 I --- I --- 

Parameter 

FLUORANTHENE 

INDEN0(1,2.3-CD)PYRENE 

NAPHTHALENE 

Detection 
~requenc~"' 

414 

314 

1 14 

Minimum 
Concentration 

16 

12 

16 

Maximum 
Qualifier 

Minimum 
Qualifier 

55 

27 
16 

Range of 
Nondetects 

Maximum 
Concentration 

0 

14 
i n  - l d  

Location of Maximum 
Concentration 

05SDO20006 

05SDO50006 
n5snn500n6 

~ p ~ r a d i e n t ' ~ )  

Site Above 
Upgradient 

Concentration? 
--- 
--- 
--- 

--- 
--- 
--- 



TABLE 5-1 1 

SEDIMENT ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

1 - Associated Samples: 

05SD020006 

05s DO30006 

05SDO40006 

05SD050006 

2 - Upgradient Sample: B05SD010006 

--- = Not appl~cable. 

CAS = Chemical abstract services. 

Bolding indicates parameter is in excess of upgradienl concentration 

Maximum 
Qualifier 

CAS 
Number 

Detection 

~ re~uency ' "  Parameter 
Range of 

Nondetects 
Minimum 

Concentration 

Site Above 
Upgradient 

Concentration? 
Location of Maximum 

Concentration 
Minimum 
Qualifier upgradient(') 

Maximum 
Concentration 



TABLE 5-1 2 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 5. OLD BURN PIT 

NSWC CRANE, CRANE. INDIANA 
PAGE I OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

Minimum 1 N:tLr 1 Chemical 
Concentration 

72-55-9 14.4'-DDE 1 0 0067 1 1 0.0067 1 I mglkg 1 05SB080002 1 116 1 3 9 - 4 3  I 0.0067 I NA 
11097-69-1- 0.1 / J 1 0.24 1 I rng/kg 1 05SB080002 1 418 1 39 - 43 1 0.24 1 NA 
HERBICIDES 
93-76-5 12.4.5-T 1 0.01 1 J 1 0.016 1 J I mg/kg 105SB0800021 218 1 0.0032-0.0035 1 0.016 1 NA 
87-66-5 ~PENTACHLOROPHENOL 1 0.0024 [ J 1 0.012 1 I mg/kg 1 05SB050002 1 517 1 00008 -0.00081 1 0.012 1 NA 1 3 C 1 20 1 IDEM I No 1 BSL 
",nllh,E,CIIDIUC C 

I I I I I I I I I I 1- I I I I ~. . . 
VOLATILE ORGANICS 
75-35-4 
71 -43-2 
156-59-2 

75-09-2 

05SB060102 
0558060102 
05SB060102 
0588030102, 
05SB080102. 

1.1 -DICHLOROETHENE 
BENZENE 
CIS-1.2-DICHLOROETHENE 

METHYLENE CHLORIDE 

118 
118 
218 

318 

0.013 
0.005 
0.008 

0.004 

J 
J 

J 

0 003 - 0.004 
0.003 - 0.004 
0 003 - 0 004 

0 003 .O 004 

0054 C 
0 65 C 
4 3  N 

8 9  C 

0.013 
0.005 
2 8 

0.004 

rng/kg 
mg/kg 
mglkg 

malka 

0.013 
0.005 
2 8 

0.004 

N A 
N A 
N A 

N A 

J 
J 
J 

J 

0.67 
8.2 
110 

120 

NO 
No 
No 

No 

IDEM 
IDEM 
IDEM 

IDEM 

BSL 
BSL 
BSL 

BSL 
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OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 5. OLD BURN PIT 

NSWC CRANE. CRANE, INDIANA 
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Scenario Timeframe: CurrenVFulure 
Medium: Soil 
Exposure Mcdlum: Surface Soil 
Exposure Point: Sudace Soil 

MISCELLANEOUSPARAMETERS 
)CATION EXCHANGE CAPACITY I 13 I J I  13 1 J I meq1100g 1 05SB040002 1 111 I ... 1 13 I NA I NA 1 NA I IDEM I No 1 NTX 
IPH 1 5.1 I J 1 5.1 1 J I S U I 05SB040002 I 111 I ... 1 5.1 I NA I NA I NA I IDEM I No 1 NTX 
ITOTAL ORGANIC CARBON 1 1700 ( 1 1700 1 I mglkg 1 05SB040002 1 111 ( ... 1 1700 1 NA I NA I NA I IDEM I NO 1 NTX 

Foolnoles: 
1 Only Ihe orlglnal ol duplicate sample was used lor COPC selection. The dupllcale was used lor quallty Control purposes 
2 Values presenled are sample-specil~c quantilation lhmlls. 
3 The maximum delected concentration is used lor screening purposes. 
4 TO determine whether melal concenlralions were wilhin background levels, soil concenlrallons were 

compared lo base-wide background data presented in the Basewide Background Soil Invesligallon Repon 
(TINUS. Inc.. Januaty 2001) by means of the Wilcoxon Rank Sum Tesl. II the Wilcoxon Test 
determined that a consliluent concenlrat~on was no1 signif~canty dillerent lrom background. lhal 

chemrat was nal Sekcted as aCOPC 
5 The risk-based soil COPC screening level lor residenl~al land use is presented. The value is based on a 

target Hazard Quotient 01 0.1 lor noncarclnogens (denoted with a "N" Ilag) or an incremental cancer 
risk ol IE-6 lor carcinogens (denoled with a " C  Ilag) (US. EPA. Region 9. November 2000). 

only. 
Delinilion$: 
ARARlTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen 
COPC = Chemical ol polenlial concern. 
IDEM = Indiana Oepanmenl ol Environmenlal Managemenl. Rlsk lntegraled System of 

Closure (RISC) restdentla1 levels for direcl conlacl with so11 (IDEM. July 2001) 
J = Esl~maled value. 
N = Nocarcinogen. 
NA = Not applicablelbol available. 
sal = Soil salurat~on concenlralion. 
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OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 5, OLD BURN PIT 

NSWC CRANE, CRANE. INDIANA 
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Scenario Timelrame: CurrenVFulure 
Medium: Soil 
Exposure Medium: Sudace Soil 
Exposure Point: Sudace Soil 

6 The chemical is selected as a COPC il the maxlmum detected concenlration exceeds Ihe nsk-based 
COPC screenlng level andlor an ARAWTBC(s). 

7 Naphthalene is used as a surrogate for 2-methylnaphthalene. 
8 Acenaphthene is used as a surrogale lor acenaphlhylene. 
9 Pyrene is used as a surrogale lor benzo(g.h.i)perylene and phenanthrene. 
I 0  Hexavalent chromium. 
I 1  OSWER so11 screenlng level lor residential land use (US. EPA. July 1994) 
12 Value is lor mercuric chloride (U.S. EPA. Reg~on 3. Oclober 2001) 

Associated Samoles. 
055801 0002 0558050002 
0558010102 0558050102 
0558020002 0558060002 
0558020102 0558060102 
0558030002 0558070002 
0558030102 0558070102 
0558040002 0558080002 

'0558040102 05580801 02 

Rat~onale Codes' 
For Selection as a COPC: 
ASL = Above COPC screenlng IevelIARAWTBC 

Risk-Based COPC 
Screening Level 

(51 

CAS 
Number 

For Elimination as a COPC: 
BKG = Wilh~n background levels 

Concentration 
Used for 

Screening (3) 

Potential 
ARARnBC 

Selection (6) 

8SL = Below COPC screenlng ieveVARARITBC. 
NTX = No toxicity inlormation. 
NUT = Essential nutrient. 

~ ~ ~ ~ ~ n >  ' 
(41 

Chemical 

BSL = Below screening level 
ASL = Above screenng level. 
CAS = Chemical abstract services 

Shaded cells indicale thal the specifled crltenon or background level has been exceeded or thal the chemical has been selected as a COPC. 

Minimum 
  on central ion 

(11 
Oualilier 

Maximum 
Concentration 

(1 1 
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Scenario Timelrame: CurrenUFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

USEPA 

72-55.9 14.4'-DOE 1 00067 1 1 0.0067 1 Irnglkgl 05SB080002 1 116 ( 3 9 - 4.3 1 0.0067 1 NA 1 3 C I NA I 450 No I BSL 
11097-69-1 IAROCLOR-1254 1 0 1  I J 1 0 2 4  1 Irnglkgl 05SB080002 1 418 1 39 - 43 1 0.24 1 NA I NA C 1 NA I 6 2 No I BSL 
HERBICIDES 
93-76-5 
87-86-5 
DIOXINYFURANS 

05SB060002 
05SB060002 
0558060002 
05SB060002 
0558060002 

818 
818 
318 
518 
418 

J 
J 

0.000128 
0.0000691 
0.0000098 
0.0000221 
0.000105 

mgkg 
rnglkg 
rnglkg 
rnglkg 
rnq'kg 

NTX 
NTX 
NTX 
NTX 
NTX 

... 

... 
0.0000002 - 0.0000032 
0.0000003 - 0.0000009 
0.0000002 - 0.0000304 

571 17-44-9 
19408-74-3 
72918-21-9 
40321 -76-4 
571 17-41-6 

0.00000028 
0.00000036 
0.00000041 
0.000001 4 
0 000001 3 

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-PECOD 
1.2.3.7.8-PECDF 

0 000128 
0.0000691 
0.0000098 
0.0000221 
0.000105 

J 
J 
J 
J 
J 

N A 
N A 
N A 
N A 
N A 

NA C 
NA C 
NA C 
NA C 
NA C 

NO 
No 
No 
No 
No 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
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Scenario Timelrame: CurrentWuture 
Medium: Soil 
Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

MISCELLANEOUS PARAMETERS 
{CATION EXCHANGE CAPACITY I 1 3 1 ~ 1  13 1 J I rneq/ll O ~ S B O ~ O O O Z  I 111 ( ... I 13 1 NA 1 NA I NA I N A I NO I NTX 
IPH 1 5.1 1 J 1 5.1 1 J I S.U. I 05SB040002 I 111 ( ... I 5.1 I NA I NA I NA I N A ( No I NTX 
(TOTAL ORGANIC CARBON 1 1700 1 1 1700 1 Imglkg) 05SB040002 I 111 I ... 1 1700 1 NA I NA I NA I N A I No I NTX 

Rationale lor 
Contaminant 

Or 

Selection (7) 

C AS 
Number 

Chemical 
Minimum 

  on cent ration 
(1) 

Maximum 
  on cent ration 

(1 

Maximum Range Of 'ondetects 
(2) 

Units 
Concentration 

Used lor 
Screening (3) 

Location 01 
Maximum 

Concentration 

Site Ibove 

( )  

Detection 
Frequency 

(1) 

USEPA Generic 
SSL lor Migration 

to Groundwater (5) 

USEPA 
Generic 
SSL lor 

Soil to Air 
re* 

IDEM SSL lor 
Migration l o  

Groundwater (6) 

COpC 

Flag 
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Scenario Timeframe: CurrenVFuture 
Medlum: Soll 
Exposure Medium: Surface Soil 
Exposure Polnt: Surface Soil 

Minimum Maximum Location 01 I Detection 1 
Chemical I Concentration ( E!::: I Concentration 1 ~~~~~ 1 Units 1 Maximum Frequency Range ,.,, 

Foolnotes: 
1 Only the original o l  duplicate sample was used for COPC seleclion The duplicate was used lor quality contl 
2 Values presented are sample-specllic quantitation Ihmits. 
3 The maximum delecled concentrallon is used lor screening purposes 
4 To delermlne whether metal concenlratlons were wlthln background levels, soil concentrations were 

compared lo base-wide background data presented in the Basemde Background Sod lnvestigatlon Report 
(TINUS. Inc . January 2001) by means 01 the Wllcoxon Rank Sum Tesl. If the Wilcoxon Tesl 
determined that a constltuenl concentration was not signllicanly dlllerent lrom background, lhal 

chemlcal was not sekcled as a COPC. 
5 So11 Screening Gutdance: Technical Background Documenl. (U S EPA. May 1996) The migrat~on lo 

groundwater value represents a d~lution and atlenuallon lactor (DAF) 01 1. 
6 Res~denlial levels lor mlgralion lrom soil to groundwaler (IDEM. July 2001). 
7 The chemical is selected as a COPC il the maximum delecled concentralion exceeds any screenlng level 
8 Naphthalene is used as a surmgale for 2-methylnaphlhalene. 
9 Acenaphthene is used as a surmgale for acenaphlhylene 
10 Pyrene IS used as a surrogate for benzo(g.h.~)perylene and phenanlhrene. 

Associated Samoles 
058801 0002 
05SB010102 
05SB020002 
05SB020102 
05SB030002 

05SB030102 
0588040002 
05SB040102 

.ol purposes only 
Delinitlgns: 
ARARlTBC E Applicable or Relevant and Appropriate RequiremenVlo be considered. 
C = Carclnogen. 
COPC =Chemical 01 potential concern. 
IDEM = Indiana Departmenl 01 Environmental Managemenl. Risk Integrated Syslem 01 

Closure (RISC) residential levels lor mlgralion lrom soil lo ground waler (IDEM, July 2001) 
J = Est~mated value 
N = Nocarclnogen. 
NA = Nol applicablelnot available. 
sat = Soll saluralion concentrallon. 

Rationale Codes: 
For Seleclion as a COPC: 
ASL 7 Above COPC screenlng IeveUARARlTBC. 

For Elimination as a COPC: 
BKG = W~thin background levels. 
BSL = Below COPC screening IeveUARAWTBC. 

NTX = No loxlclty inlormation 
NUT = Essenlial nutnent 

ASL = Above screening level 
BSL : Below screenlng level. 

CAS = Chemical abslracl services 

Shaded cells ind~cate lhal the specil~ed criterion or background level hs been exceeded or that the chemlcal has been selected as a COPC 
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Scenario TimeIrame: Future 
Medium: Soll 
Expoaure Medium: SurfacdSubaurfsce Soll 
Exposure Polnt: SurhcdSubaurface Soil 

I CAS I 
Chemical 

Minlmum Maxlmum Sics Above 
Location of I ,D;Do!my 1 Rationale for I concentrat~on I )?ni!!?" I ~ o n c e n t r ~ l o n  I I?YI!!!Ym I n i b  I ~ a x i m u m  .-. U U ~  ~w rrummr I Screening (q 1 ' I 

(4) Selection (6) 

93-76-5 12,4,5-T I 0.01 I J I 0.016 I J I mglkg 1 05SB080002 1 2/15 1 0.0029 - 0.047 1 0.016 I NA I 61 N 1 NA I IDEM I NO 1 BSL 
87-86-5 ~PENTACHLOROPHENOL 1 0.0015 1 J 1 0.012 1 I mglkg 1 05SB050002 1 10114 1 0.0008 -0.012 1 0.012 1 NA 1 3 C 1 20 1 IDEM I NO 1 BSL 



TABLE 544  

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEMlAL CONCERN - DIRECT CONTACT WITH SURFACEISUBSURFACE SOIL 
SWMU 5, OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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CAS 
Number 

Scenerlo limeframe: Future 
Medium: Soll 
Expomum Msdlum: SurfaodSubaurface Soil 
Exponun Polnt: SurfaodSubnurface Soll 

Detection 
Frequency 

(1) 
Chemlcal 

Range Nondetect. 
(2) 

Maxlmum 
Concentration 

(1 

Potential 
A A M C  

Source 
Unite 

Mlnlmum 
Concentrntbn 

(1) 
~~~~~~ Concentration 

Used for 
Screening (3) 

Locatlon d 
Maxlrnum 

Conwntration ~~~~ C:z 
Rationale for 

C2z',"zt 
Selection (6) 

Potential 
ARAR/TBC 

value 

Slte b o w  

' 
(4) 

RIak-Baaed COPC 
Screening ~ e w l  

(5) 
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m: Lwmthtx: 
1 Only the Orlglnal 01 duplicate sample was used lor COPC selectlon. The duplicate was used for quality control purposes only. ARAWTBC = Applicable or Relevant and Appmpdate RequlremenVto be considered. 

C AS 
Numbcr 

2 Value6 presenled are sampiespecillc quentltatlon Ilmlts. 
3 The maximum detected concentration Is used lor screenlng purposes. 
4 TO determine whether metal mncentratlons were within backgmund levels, soll concentrations were 

compared to Base-wlde backgmund data presented In the Basewide Beckgmund Soll Investigallon Report 
(TtNUS, Inc., January 2001) by meens of the Wllmxon Rank Sum Test. I1 the Wilcoxon Test 
determined that a constituent concentratlon was no1 slgniflcanty dlllerent lmm backgmund, that 
chemical was not selected ar  a COPC. 

5 The rlsk-bared soll COPC screenlng level lor residentlal land use is presented. The value is based on a 
target Hazard Ouotient 01 0.1 lor noncarcinogens (denoted with a 'ti" Ilag) or an Incremental cancer 
dsk 01 1E-6 lor cardnogens (denoted with 0°C' flag) (U.S. EPA, Region 9. October 2002). 

8 The chemlcal is selected as a COX 11 me rnaxlmui detectea concentration exceeds the rlsk.based 
COPC screenma level andlor an ARAWTBC(s). 

7 Naphthalene Is ised as a surrogate lor 2-meihylnaphthaiene. 
8 Acenaphthene is used as a surmgate for acenaphthylene. 
9 Pyrene Is used as a surrogate for benzo(g,h,l)perylene and phenenthrene. 
10 Hexavalent chmmiurn. 
11 OSWER soil screenlng level lor resldentlal land use (U.S. EPA, July 1994). 
12 Value is lor mercurlc chloride (US. EPA. Reglon 3. October 2001). 

MISCELLANEOUS PARAMETERS 
(CATION EXCHANGE CAPACITY 
[pH 
ITOTAL ORGANIC CARBON 

Soenarlo Tlmeframe: Future 
Medium: Sdl 
Exposure Medium: SurlacdSuImurlace Soll 
Exporum Point: SurlacdSubsurlaoe Soil 

Associated 
05SB050002 05SB010810 05SB050608 
0558050102 05SB02MO8 MSB080608 
05SB080002 05SB03M07 05SB070608 
05SB080102 05SBMO2M 
05SB070002 
05SB0701 02 
05SB080002 
05SB080102 

Chemlcal 

C = Carcinogen. 
COPC =Chemical of potentlal concern. 
IDEM = Indiana Department 01 Envlmnmental Management, Risk Integrated System of 

Closure (RISC) residential levels for direct contacl with soll (IDEM, July 2001) 
J = Estimated value. 
N = Nocarclnogen. 
NA = Not applicablelnot avaliable. 
sat =Soil saturation concentratlon. 

For Seleclion as a COPC: 
ASL = Above COPC screening IeveVARAWTBC. 

3.2 
5.1 

1500 

Rationale lor 

c ~ ~ ~ ~ ~ ~ t  
Selection (6) 

Maxlmum 
Concentration 

(1 

For Ellmlnatlon as a COPC; 
BKG = Within backgmund levels. 
BSL = Below COPC screening IeveVARAWTBC. 
NTX = No toxiclty InformaHon. 
NUT = Essential nutrlent. 

Mlnlmum 
Concentration 

(1 

ASL = Above screening level. 
BSL = Below screenlng level. 
CAS = Chemlcal abstract services. 

" , ' ~ ~ ~ e ~  

I 13 
J 1 7.6 

1 72000 

","::::: 

Shaded cells indicate that the specified crlterlono r background level has been exceeded or that the chemical has been selected as a COPC. 

J 
J 

Unit. 

megllO0 g 
S.U. 

mglkg 

Locstlon of 
Maximum 

Concentration 

Of Nondetect. 
(2) 

05SB040002 1 414 1 ... I 13 1 NA 
05SB030507 1 '  414 1 ... I 7.6 I NA 
05SB030507 1 414 1 .-. 1 72000 1 NA 

Detection 
Frequency 

(1) 

Concentration 
Uaed lor 

Scrwnlng (3) 

NA I 
NA I 
NA I 

tz.J:d 
(4) 

NA I IDEM 
NA I IDEM 
NA I IDEM 

NO I NTX 
No I NTX 
No I NTX 

Risk-Baaed COPC 
Screening LOVOI 

(5) 

Potential 
ARMBC 

Value 

Potentla1 
ARAMBC 

Sourca 
C::: 
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Scenario TlmeAame: Futura 
Medium: Soll 
Expoaura Medium: SurfacdSubaurface Soll 
Expoaura Polnt: SurfacdSulmuttoce Soll 

Minimum Maximum 
Slta Above 

Locatlon of Fk;tC", Rango ol Nondetsct. Concentratlon Background USEPA Generlc 
USEPA Rationale for 

~oncentratlon ~ o n ~ n t r a t l o n  
Maximum SSL tor Mlgratlon ~ e n e r k  SSL I",:::; 

COPC Contaminant 1 (I) j Quai'fier 1 (1) 1 1 "" 1 *..%! 1 (1) / (') I E i : r ( 3 )  1 K I  Groundwater (51hyP ~ ~ G w n d w a t e r  fig 1 Selection Or (7) 1 

0.01 1 J I 0.016 1 J I mgkg I05580800021 2/15 1 0.0029-0.047 1 0.016 I NA I NA N I NA I N A I NO 1 NTX 
0.0015 1 J 1 0.012 1 ( mglkg 1 05SB050002 1 10114 1 0.0008 - 0.012 1 0.012 1 NA c I NA 1 0.028 
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Scenario Timelrame: Future 
Medium: Soil 
Exposure Medium: Surlace/Subsurlace Soil 
Exposure Point: Surlace/Subsurlace Soil 

Location of Detection Concentration 
Site Above 

USEPA Generic 
Rationale lor 

  on cent ration Maximum Frequency Range Used for SSL for Migration 
Nondetects Generic SSL IGy,sE COPC Contaminant 1 1 Oualilier 1 c 1 1 units 1 1 , I (2) 1 screening3, 1 ( )  l o  (5kn Groundwater F a  1 :;;;I 1 
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Scenario Timeframe: Future 
Medium: Sol1 
Exposure Medium: SurlaceISubsurlace Soil 
Exposure Point: SurlaceISubsurlace Soil 

Footnole~: Definition$: 
I Only Ihe original of duplicale sample was used lor COPC selecl~on The duplicate was used lor quality control purposes only. ARAWTBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
2 Values presented are sample-specitic quantilarion Ihmits. C = Carcmogen. 
3 The maximum detected concentration is used tor screening purposes. COPC = Chemical o l  potentlal concern. 
4 To determine whether metal concentralions were wilhin background levels, soil concentrations were IDEM = Indiana Department 01 Environmenlai Management. Risk Integrated System of 

compared to base-wide background data presented in Ihe Basewide Background Soil lnvestigalion Report Closure (RISC) residentla1 levels lor migralion Irom soil lo groundwater (IDEM. July 2001). 
(TINUS, Inc.. January 2001) by means ot the Wilcoxon Rank Sum Test. If the Wilmxon Test J = Est~maled value. 
delermlned that a constituent concentralion was not signilicanty dillerent from background, that N = Nocarcinogen. 
chemical was no1 selected as a COPC. NA = Not appl~cablelnol available. 

5 Soil Screening Guidance: Technical Background Document. (US. EPA, May 1996). The migrallon to sat =Soil saturalion concentration. 
groundwater value represents a dilution and atlenuation lactor (DAF) of 1 

6 Residential levels lor migralion lrom so11 to groundwaler (IDEM, July 2001). Rationale Codes: 
7 The chemlcal is selecled as a COPC if the maxlmum detected concenlration exceeds any screening level For Selection as a COPC: 
8 Naphthalene is used as a surrogate tor 2-methyinaphlhalene. ASL = Above COPC screening IeveVARARITBC. 
9 Acenaphlhene is used as a surrogale tor acenaphlhylene. 
I 0  Pyrene is used as a surrogale lor benzo(g.h.i)perylene and phenanthrene. For Elimination as a COPC: 

BKG = Wllhln background levels. 
BSL = Below COPC screening IeveVARARITBC. 

Associated Samotes: 
05SB010002 05SB050002 05SB010810 05SB050608 
05SBOt0102 05SB050102 05SB020406 05SB060608 NTX = No toxicity inlormalion. 
05SB020002 05SB060002 05SB030507 05SB070608 NUT = Essent~al nutrient. 
05SB020102 05SB060102 05SB040204 
05SB030002 05SB070002 ASL = Above screening level. 
05SB030102 05SB070102 BSL = Below screening level. 
05SB040002 OSSB080002 CAS = Chemlcal abslract services. 

05SB040102 05SB080102 
Shaded cells indlcale thal the specilied criterion or background level has been exceeded or that the chemical has been selected as a COPC. 

Chemical 
Number r L  

MtSCELLANEOUS PARAMETERS 
ICATiON EXCHANGE CAPACITY 
IPH 
[TOTAL ORGANIC CARBON 

Minlmum 
concentration 

(1) 

3.2 
5.1 

1500 

Maximum 
~oncenlration 

(1) 

I I 3  
J 1 7.6 

1 72000 

Maximum Qualifier Units 
Range Of 

(2) 

Location of 
Maximum 

Concentration 

J 
J 

Detection 
Frequency 

(1) 

... 

... 

... 

m e q t w g l  05SB040002 
S.U. 1 0588030507 

mukg 1 05S8030507 

414 
414 
414 

I 3  
7.6 

72000 

NA 
N A 
N A 

N A 
N A 
N A 

NA [ N A 
NA N A 
NA I N A 

No 1 NTX 
No I NTX 
NO 1 NTX 
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Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

Minimum Concentration Upgradient 
Risk-Based Rationale lor 

Maximum 
CAS Number Chemical concentration concentration units 

Location o l  Maximum 

,,, Qualifier ,,, Qualifier Concentration 
Used for Sample $z<iijipFl 

~creening '~ '  Concentration (4) 
Screening 

 eve^"'  election"' 
-- 

VOLATILE ORGANICS 
67.66-3 1 1 pgiL OSGWTOlOl 1/14 0 3 1 N A * C 80 FED-MCL . 

100 IDEM 
156-59-2 CIS-1.2-DICHLOROETHENE 3 3 pgiL 05GW1501 1/14 1 3 N A 6 I N 70 FED-MCL No BSL 

70 IDEM 
SEMIVOLATILE ORGANICS 

pg/L 05GWO801 

N A IDEM - 
7782-49-2 SELENIUM 1 4  1.4 ugiL 05GWT0301 1114 1 1.4 ND 18 N 50 FED-MCL No BSL 

50 IDEM 
7440-23-5 SODIUM 5120 28800 J pglL 05GW0701 10114 5000 28800 ND N A NA FED-MCL No NUT 

N A IDEM 
7440-62-2 VANADIUM 4.9 4.9 ugiL 1/14 2 4 9 ND 26 N NA FED-MCL 05GW0301 No BSL 

N A IDEM 
7440-66-6 ZINC 25.5 25 5 UgiL 1/14 10 25.5 41 3 1100 N 5000(7) 05GW0301 FED-MCL No BSL.BKG 

, 11000 . IDEM , 



TABLE 5-1 6 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 5 -OLD BURN PIT 

NSWC CRANE. CRANE. INDIANA 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

CAS Number Chemical 

Footnotes: 

1 Only the original of duplicate sample was used lor COPC selection. The duplicate was used lor quality control purposes only. 
2 Values presented are sample-specilic quantilation Ilmils. 
3 The maxlmum delecled concentration is used for screening purposes. 
4 - TO determine whether melal concentrations were wilhin background levels. maximum groundwater concentrations were 

compared to concentrations in upgradienl groundwater sample 05GW0101. It the Concentration in the slle groundwater 
concentration was less than the upgradient concentration. that metal was no1 selcled as a COPC. 

5 The risk-based COPC screening level lor tap water use is presenled. The value is based on a 
target Hazard Ouollenl 01 0.1 tor noncarcinogens (denoted with a "N" flag) or an incremenlal cancer 

risk 01 1E-6 for carcinogens (denoted with a "C" flag) (USEPA. Region 9. October 2000). 
6 The chemical is selected as a COPC if the maximum detected concentralion exceeds the risk-based 

COPC screening level andlor an ARAUABC(s). 
7 Secondary MCL, based on aesthetic water quality (i.e.. color, odor, taste, elc.). 

Shaded cells indicate lhal the specified criterion or background level has been exceeded or that Ihe chemical has been selected as a COPC. 

Delinitionp: 

ARAUABC = Applicable or Relevant and Appropriate RequiremenUto be considered. 
C =Carcinogen. 
COPC =Chemical ot potential concem. 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not analyzed I not applicable. 
ND = Not detected. 
FED-AL = Federal action level (U.S. EPA, 2000). 

FED-MCL = Federal Maximum Conlaminant Level (U.S. EPA. 2000). 
IDEM = Indiana Depallmenl 01 Environmental Management. R!sk Integrated System of 

Closure (RISC) residential closure levels lor ground water (IDEM. July 2001) 

Rat~onale Codes: 

For Selection as a COPC: 
ASL =Above COPC screening IeveUARARrrBC 

For Elimination as a COPC: 

BKG = Within background levels. 
BSL = Below COPC screening levellARAR/TBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

ASL = Above screening level. 
BSL = Below screening level. 
CAS = Chemical abstract services 



OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 5 -OLD BURN PIT 

NSWC CRANE. CRANE, INDIANA 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
Exposure Point: Entire Site 

PAGE 1 OF 2 

117-81-7 

DIOXINS I FURANS 

BIS(2-ETHYLHEXYL)PHTHALATE 2 2 pg/L 114 05SW0201 2 2 4.8 C N A 6 
6 

FEDMCL 
IDEM 

No BSL 



TABLE 517 

EMfaPtes: 
1 Only the original of duplicate sample was used lor COPC selection. The duplicate was used for quality control purposes only. 
2 Values presented are sample-specific quantitatlon Iim~ts. 
3 The maximum detected concentration is used lor screening purposes. , 

4 TO determine wtlether metal concentrations were within background levels, maxlmum surface water concentratlons were 
Compared to concentrations in upgradlent surface water sample 05SW0101. If the concentration in the site surface water 
concentration was less than the upgradient concentration, that metal was not selcted as a COPC. 

5 The rlsk-based COPC screenlng level lor tap water use is presented. The value Is based on a 
target Hazard Quotient of 0.1 for noncareinogens (denoted wlth a "N' Iiag) or an incremental cancer 
risk ol 1 E-6 for cardnogens (denoted wlth a 'C" Iiag) (USEPA. Reglon 9, October 2C02). 

6 The chemical is selected as a COPC il the maxlmum detected concentration exceeds the rlsk-based 
COPC screening level andlor an ARAWTBC(s). 

7 Secondary MCL, based on aeslhetlc water quallty (i.e.. color, odor, taste, etc.). 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 5 -OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Pellnllinns: 
ARAWTBC = Appilcable or Relevant and Appropriate RequiremenVto bB considemi. 
C =Carcinogen. 
COPC = Chemlcal of potential concern. 
J = EsUmated value. 
N = Noncareinogen. 
NA = Not analyzed 1 not applicable. 
ND = Not detected. 
FED-AL = Federal action level (US. EPA, 2000). 
FED-MCL = Federal Maximum Contamlnant Level (U.S. EPA, 2000). 
IDEM = Indiana Department of Envlronmenll Management. Rlsk Integrated System ol 

Closure (RISC) residennal closure levels for ground water (IDEM. July 2001). 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Expoaure Medium: Surface Water 
Exposure Point: Entlre Site 

Batlonale. 
For Selection as a COPC: 

ASL = Above COPC screenlng IeveVARAWTBC. 
For Ellmlnatlon as a COPC: 

BKG = Wlthin background levels. 
BSL = Below COPC screenlng IeveVARAWTBC. 
NTX = NO toxlclty Inlormallon. 
NUT = Essential nutrlent. 

PAGE 2 OF 2 

Shaded cells indicate that the specilied criterion or background level has been exceeded or that the chemical has been selected as a COPC. CAS = Chemlcal abstract sewices 



TABLE 5-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WlTH SEDIMENT 
SWMU 6, OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

(1 1096-62-5 IAROCLOR-1 260 
urzmm,,.,F.=e 

1 0.17 ( 1 0.17 1 I m q / k ~ I  05SD050006 1 114 1 0.049 -0.067 1 0.17 1 NA 1 0.22 C 1 1.8 1 IDEM I NO 1 BSL I 

C AS 
Number 

" C n m l b l Y C J  

70-30-4 IHEXACHLOROPHENE 1 0.0031 1 J 1 0.0031 1 J I rng/kgl OSSD040006 1 114 1 0.00096 -0.001 1 0.0031 1 NA 1 1.8 N I NA IDEM I No I BSL 
87-66-5 lPENTACHLOROPHFNOL 1 0.006 1 J 1 0.006 1 J I mdka 1 0550050006 1 114 1 1-1.4 1 0.006 1 NA 1 3 C 1 20 1 IDEM I No I BSL 
DIOXINS/FURANS 

Scenario Timeframe: CurrentlFuture 
Medium: Soil 
Expoaure Medium: Sediment 
Expoaure Point: Sediment 

VOLATILE ORGANICS 
156-59-2 ICIS-1 .P-DICHLOROETHENE I 1 

Chemical 

75-09-2 IMETHYLENE CHLORIDE 1 0.005 J 1 0.006 1 J mdkg 1 05SDM0006 1 414 
79-01-6 0.7 1 0.7 1 rnglkol 05SD020006 1 114 0.004 -0.006 0.7 1 NA 
SEMIVOLATILE ORGANICS 

Maximum 
concentration 

(1) 

Minimum 
concentration 

(1) 

Range Nondetects 
(2) 

I 1 I 

Qualifier 

0.004 -0.006 rnglkgl 05SD020006 1 114 

Units 
Concentration 

S c U ~ ~ i ~ r ( 3 )  

L o c M n  ot 
Maximum 

Concentration 

I I NA 1 4.3 N 1 110 

E;;;c; 
(1) 

u~~~~~ 
concentratlo 

n (4) 

IDEM I No I BSL 

Risk-Bard COPC 
Screening Level 

(5) 

Potential 
ARARITBC 

Value 

Potential 
ARAWBC 

Source 
C::: 

Rationale tor 

c ~ ~ ~ ~ ~ t  
Sebctlon (6) 



TABLE 5-1 8 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEKTIAL CONCERN - DIRECT COKTACT WITH SEDIMEKT 
SWMU 5, OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Soil 
Expoaum Medium: Sediment 
Expoaum Point: Sediment 

EQanQkx: 
1 Only the original o l  duplicate sample was used lor COPC selection. The duplicate was used for quallty control purposes only. 
2 Values presented are sample-speclflc quantltatlon Ilmlts. 
3 The maxlmum detected concentratlon Is used for screenlng purposes. 
4 TO determlne whether metal concentrations were withln background levels, maxlmum sediment concentrations were 

compared to concentrations in upgradient sediment sample OSSW1. If the mncentration in the site sedlment 
concentration was less than the upgradlent concentration, that metal was not selcted as a COPC. 

5 The risk-based soil COPC screenlng level for resldential 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, October 2002). 

6 The chemical is selected as a COPC if the maximum detected concentration exceeds the rlsk-based 
COPC screening level and/or an ARARTTBC(s). 

7 Naphthalene is used as a surrogate lor 2-methylnaphthalene. 
8 Pyrene Is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
9 Hexavalent chromium. 
10 OSWER soil screening level lor resldentlal land use (U.S. EPA. July 1984) 
11 Value is for mercuric chlorlde (US. EPA. Region 3,October2001) 

CAS 
Number 

Shaded cells indlcate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC. 

Palloltlnns: 
ARAMBC = Applicable or Relevant and Approprlate RequiramenVto be considered. 
C = Carcinogen. 
COPC = Chemlcal of potentlal m c e m .  
IDEM = lndlana Depaltment of Envlronmenlal Management. Risk Integrated System of 

Closure (RISC) resldential levels for direct conlact with sol1 (IDEM, July 2001). 
J = Estimated value. 
N = Nocarcinogen. 
NA = Not appllcablelnot avaliable. 
sat = Soil saturahon concentranon. 

MISCELLANEOUS PARAMETERS 
I ITOTAL ORGANIC CARBON 1 2600 1 1 11000 1 I mg/kgl 05SD040006 1 414 1 ... 1 11000 1 NA I NA' I 1 NA I IDEM I No I NTX I 

Chemical 

Rationale: 
For Selectlon as a COPC: 
ASL = Above COPC screening IeveVARAMBC. 

BKG = Wlthin background levels. 
BSL = Below COPC screening IeveVARAMBC. 
NTX = NO toxlcity Information. 
NUT = Essential nutrient. 

Minimum 
  on cent ration 

(1) 

ASL = Above screening level. 
BSL = Below screenlng level. 
CAS = Chemlcal abstract services. 

Qualifier 

Maximum 
Concentration 

(1) 
Ei:z Units 

Location of 
Maximum 

concentration 
z;;;',","Y 

(1) 

,nge of Nondetecta 
(2) 

Concentra lh 

S c ~ ~ ~ i ~ r ~ B )  

u ~ ~ ~ ~ ~ t  
concentratio 

n (4) 

R I & B ~ ~  COPC 
Screening L ~ W I  

(5)  

Potential 
ARAWTBC 

Valw 

Pobnth l  
ARAWTBC 

Source n.9 

Rationab for 

k le t l on  or 
Selection (6) 



TABLE 5-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Scenario 
Timeframe 

CurrenVFuture 

Medium 

Surface Soil(1) 

Groundwater 

Surface Water 

Sediment 

Exposure 
Medium 

Surface So11 

Air 

GroundwaterIAlr 

Surlace Water 

Air 

Sedlment 

Air 

Exposure Point 

Entire Slte 

Vapors and Panlculates in 
Air - Entlre Slte 
Surflc~al Aquifer 

On-slte Streams, Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Draingeways 
On-slte Streams. Ponded 
Water and Draingeways 

Vapors and Part~culates in 
Alr - Entire Slte 

Receptor Population 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

Trespassers 

On-Sitel 
Otf-Site 
On-site 

On-slte 

On-slte 

On-s~te 

On-site 

On-s~te 

On-slte 

On-site 

On-s~te 

On-site 

On-site 

On-slte 

On-site 

On-site 

On-site 

On-slte 

On-slte 

On-site 

Receptor 
Age 

Adolescent 

Adult 

Adult and 
Adolescent 
Adult and 

Adolescent 

Adolescent 

Adult 

Adult and 
Adolescent 
Adolescent 

Adult 

Adult and 
Adolescent 

Type of 
Analysis 
Quant(2) 

Quant 

None 

None 

Qual(3) 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

Exposure 
Route 

Ingestion 

Dermal 

lngest~on 

Dermal 

Inhalation 

Ingestion 

Dermal 

lnhalatlon 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Rationale for Selection or  Exclusion of Exposure Pathway 

Although access to the base 1s controlled, once inside the base, access to the 
study areas 1s not lim~ted by any physlcal constraints 
Although access to the base ~scontrolled, once Inside the base, access to the 
study areas 1s not I~mlted by any physical constralnts. 
Potential rlsks are assumed to be similar to adolescent trespassers. Risks for 
th~s  receptor w~l l  be Inferred uslng the calculated r~sks lor Ihe adolescent 
trespasser 
Potential risks are assumed to be similar to adolescent trespassers. Rlsks lor 
th~s receptor will be Inferred uslng the calculated risks lor the adolescent 
trespasser. 
Exposure is evaluated qual~tatively by a comparison of slte data to U S. EPA 
generic SSLs(4) lor translers lrom so11 to air. 
Dlrect contact wlth groundwater does not occur under current land use 
Shallow groundwater IS not expected to be used as a domestlc water supply. 

Dlrect contact with groundwater does not occur under current land use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

D~rect contact wlth 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 physlcal constraints. 
Although access to the base is controlled, once inside the base, access to the 
study areas IS not l~mited by any physical constraints 
Potential risks are assumed to be slmilar to adolescent trespassers. Rlsks for 
this receptor will be Inferred using the calculated risks for the adolescent 
trespasser 

Potential risks are assumed to be slmilar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 

Minimal exposure to vapors emined from surface water 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 constralnts. 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated r~sks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inferred using the calculated rlsks for the adolescent 
trespasser. 

Minimal exposure IS anticipated (I.%., so low that it is not wonh quantifying) 



TABLE 5-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Scenario 
Timeframe 

Future 

Future 

I 

Exposure 
Medium 
Surface1 

Subsurface So11 

Air 

Surface Soil 

Air 

Groundwater 

A I ~  

Surface Water 

I 

Medium 

Surface1 
Subsurface Soil 

(5) 

Surface Sot1 

Groundwater 

Surface Water 

I I 

Exposure Point 

Entire Site 

Vapors and Partlcuiates In 
Air - Entire Stte 

Entire S~te 

Vapors and Parttculates in 
Air - Ent~re S~te 

Surllclai Aqu~fer 

Vapors 

On-s~te Streams. Ponded 
Water and Draingeways I 

Type of 
Analysis 

Quant 

Ouant 
Oual 

Ouant 

Quant 

None 

None 

Ouant 

Ouant 

Ouant 

Ouant 

Oual 

None 

Ouant 

None 

None 

None 

None 

Quant 

Ouant 

None 

Quant 

None 

I 

Receptor Population 

Excavat~onIConstruct~on 
Workers 

ExcavationIConstruction 
Workers 

Maintenance Workers 

Occupational Workers 

Recreational Users 

Residents 

MaintenancelOccupat~onal 
Workers. Recreational 
Users, and Residents 

Excavation/Construction and 
Maintenance Workers 

Workers 

Occupat~onal Workers 

Recreat~onal Users 

Residents 

ExcavationlConstructionl 
MaintenancelOccupational 
Workers and Recreat~onal 

Users 

Residents 

ExcavationlConstruction and 
Maintenance Workers 

Rationale for Selection or Exclusion of Exposure Pathway 

Excavationlconstruction actlvitles may occur at the site in the future 

Excavat~on/construct~on act~v~t~es may occur at the site ~n the future. 
Exposure IS evaluated qual~tat~vely by a comparison ol slte data to U.S. EPA 
generlc SSLs lor translers trom soil to air. 
Although maintenance activities are not currently performed on the site, 
actlvltles, such as groundkeeping, may occur in the future. 
Although maintenance activities are not currently performed on the site. 
actlvlties, such as groundkeeping, may occur in the luture. 
Because of the nature ol the S~te 5, the slte is not likely lo be developed for 
occupational use in the future. 
Because ol the nature ol the Site 5, the site is not likely to be developed tor 
occupational use in the future. 
This scenarlo 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 scenarlo is unlikely, a res~dential scenario is included to aid in 
future rlsk management decisions. 
Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions 
Exposure is evaluated qualitat~vely by a comparison of site data to USEPA 
generlc SSLs lor transfers lrom soil to air. 

Minimal exposure is antlcipated (i.e.. so low that 11 is not worth quantifying). 

Excavationlconstruct~on activities may occur at the site and workers may be 
exposed by direct contact with groundwater. 
Because of the nature of the Site 4, the site is not likely to be developed for 
occupational use in the luture. 
Because of the nature of the Site 4. the site is not likely to be developed for 
occupational use in the future. 
D~recl contact with groundwater is not expected to occur for luture 
recreational users. 
Direct contacl with groundwater is not expected to occur for luture 
recreational users. 
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 declslons. 

Although 11 IS unlikely that shallow groundwater at the site would be used as a 
domest~c water supply. This scenario is included to aid in luture risk 
management decisions. 

M~nimal exposure is anticipated (i.0.. so low that it is not worth quant~fying). 

Although it is unl~kely that shallow groundwater at the site would be used as a 
domest~c water supply. This scenario is included to aid in luture risk 
management decis~ons. 

Minimal exposure is antlcipated (i.0.. so low that 11 is not worth quantilying). 

I 

Exposure 
Route 

Ingestion 

Dermal 
Inhalation 

Ingestion 

Dermai 

lngestion 

Dermal 

Ingestion 

Dermal 

ingestion 

Dermal 

Inhalation 

lngestion 

Dermal 

lngest~on 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

lnhalat~on 

'Inhalation 

Ingestion 

I I 

Receptor 
A 
Adult 

Adult 

Adult 

Adult 

Adult 

Child and 
Adult 

Ch~ld and 
Adult 

Adult 

Adult 

Adult 

Child and 
Adult 

Adult 

Child and 
Adun 

Adult 

I 

On-SiW 
Ott-Site 
On-s~te 

On-site 
On-site 

On-site 

On-site 

On-site 

On-slte 

On-site 

On-site 

On-s~te 

On-site 

On-site 

On-site 

On-slte 

On-site 

On-s~te 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-slte 

I 



TABLE 5-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

Footnotes: 
1 Surface sot1 is defined as so11 collected lrom 0 to 2 lee1 below ground surface (bgs) 
2 Quant~talive 
3 Qual~lat~ve. 
4 So11 Screening Levels (U S EPA, May 1996). 
5 Surlacelsubsurlace soil IS deflned as so11 collected from 0 to 10 lee1 bgs, no exposure to so11 at depths below 10 feet bgs is antlclpated 

Rationale for Selection o r  Exclusion of Exposure Pathway 

Minimal exposure is anticipated (i.9.. so low that it is not worth quantifying). 

Because ol the nature of the Site 4, the site is not likely to be developed lor 
occupational use In the future. 
Because ol the nature o l  Ihe Slte 4, the site IS not l~kely to be developed tor 
occupatlonal use In the future. 

This scenarlo is evaluated on the assumption that the Faclllty would close 
and be turned into a state park in the future. 
This scenario 1s evaluated on the assumption that the Facility would close 
and be turned Into a state park In the luture. 
Although the scenario is unl~kely, a resident~al scenarto 1s Included lo  aid in 
future r~sk  management dec~slons 
Although the scenario is unl~kely, a resident~al scenarlo 1s included to aid in 
tuture risk management decisions. 
Mln~mal exposure to vapors em~ned lrom surface water 1s anticipated (I e , so 
low that it is not worth quantifying) 

Minimal exposure is anticipated (i.9.. so low that 11 is not worth quant~fying). 

Mlnimal exposure is anticipated (i.0.. so low that it is not worth quantifying). 

Because of the nature of the Site 4, the site is not llkely to be developed lor 
occupational use in the future. 
Because of the nature of the Site 4, the slte IS not lhkely to be developed lor 
occupatlonal use in the future 
This scenario is evaluated on the assumption that the Faclllty would close 
and be turned Into a stale park in the future. 
This scenarlo is evaluated on the assumption that the Facillty would close 
and be turned into a state park in the future. 
Although the scenario is unlikely, a residential scenario is Included to ald In 
luture rlsk management decisions 
Although the scenarlo is unlikely, a res~denllal scenarlo is Included to aid In 
future risk management decisions ' 
Minimal exposure to vapors emitted from surface water 1s anticipated (I.E., so 
low that it is not worth quantllylng). 

Exposure 
Medium 

Air 

Sedlmenl 

Air 

Exposure Point 

On-s~te Streams. Ponded 
Water and Draingeways 

On-slte Streams. Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Dralngeways 

Scenario 
Timeframe 

Medium 

Sedlment 

Receptor Population 

Workers 

Occupational Workers 

Recreal~onal Users 

Residents 

Excavat~onlConstuct~on/ 
Ma~ntenanceIOccupational 

Workers. Recreatlonal 
Users, and Residents 

ExcavationlConstruction and 
Maintenance Workers 

Workers 

Occupational Workers 

Recreat~onal Users 

Residents 

Excavat~onlConstuctionl 
Ma~ntenanceIOccupat~onal 

Workers. Recreatlonal 
Users, and Residents 

Exposure 
Route 
Dermal 

lngest~on 

Dermal 

lngest~on 

Dermal 

Ingestion 

Dermal 

lnhalat~on 

lngestlon 

Dermal 

lngestlon 

Dermal 

lngestlon 

Dermal 

Ingestion 

Dermal 

Inhalation 

Receptor 
Age 

Adult 

Adult 

Child and 
Adult 

Ch~id and 
Adult 

Adult 

Adult 

Adult 

Adult and 
Child 

Chlld and 
Adult 

On-SiW 
Off-Site 
On-site 

On-site 

On-site 

On-$119 

On-site 

On-s~te 

On-s~te 

On-site 

On-site 

On-s~te 

On-slte 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

Type of 
Analysis 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

None 

None 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

None 



TABLE 5-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Chemical of Potential Concern 

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. 



TABLE 5-21 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact w~th 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

N A 

1.7E-01 

N A 

N A 

N A 

3.5E+00 

6.8E-02 

N A 

N A 

N A 

N A 

3.7E+00 

Maintenance 
Worker 

N A 

N A 

N A 

1.1E-01 

2.6E-03 

N A 

N A 

N A 

N A 

N A 

N A 

1.1 E-01 

Adolescent 
Trespasser 

N A 

N A 

N A 

1.9E-01 

5.3E-03 

N A 

N A 

6.3E-03 

2.8E-02 

5.6E-03 

N A 

2.3E-01 

Adult 
Recreational User 

N A 

N A 

N A 

2.3E-01 

3.4E-03 

N A 

N A 

3.9E-02 

8.1 E-02 

6.9E-03 

N A 

3.6E-01 

Future Adult 
Resident 

2.8E+00 

3.6E-01 

2.2E-02 

1.5E+00 

2.3E-02 

N A 

N A 

2.6E-01 

5.4E-01 

4.6E-02 

N A 

5.6E+00 

Future Child 
Resident 

1 .OE+01 

1.1 E+00 

1 .OE-01 

1.4E+01 

1.1E-01 

N A 

N A 

2.4E-01 

5.6E-01 

4.3E-01 

N A 

2.7E+01 
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INCREMENTAL CANCER RISK 

CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Exposure Route 

Inhalation of Volatiles from 
Groundwater While Showering 

Ingestion of Groundwater. 
Dermal Contact with 
Groundwater 

Construction 
Worker 

N A 

2.7E-06 

I I I 

Maintenance 
Worker 

U",, I I I 

Adult 
Recreational User 

N A 

N A 

lncidental lngestion of Surface 
Cnil 

lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 

N A 

N A 

N A 1.4E-06 

Dermal Contact with Surface 
Cnil 

lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 

3.8E-06 

N A 4.9E-07 

3.8E-06 

5.6E-07 

lncidental lngestion of 
Sediment 

Adolescent I Future Adult I Future Child I 

7.8E-07 

N A 

N A 

Dermal Contact with Sediment 

Total Risk: 

Trespasser Resident Resident 
N A 2.6E-05 2.3E-05 

N A 

N A 

N A 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

N A 

N A 

N A 

N A 

N A 

7.1 E-06 

2.3E-05 

2.7E-05 

N A 2.4E-07 

N A 

1.9E-06 

6.5E-07 

5.5E-05 



TABLE 5-22 

CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Exposure Route 

Inhalation of Volatiles from 
Groundwater While Showering I NA I NA I NA I NA 

Construction 
Worker 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
SurfaceISubsurface Soil 
Dermal Contact with 
SurfaceISubsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

8.OE-03 

Dermal Contact with Sediment 

Total Hazard: 

HAZARD INDEX 

3.7E-02 

N A 

N A 

1.7E+00 

1.9E-02 

N A 

N A 

N A 

Maintenance 
Worker 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

N A 

1.9E+00 

Adolescent 
Trespasser 

Adult 
Recreational User 

N A 

N A 

N A 

1.1E-01 

2.7E-02 

1.3E-04 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

2.7E-02 

Future Adult 
Resident 

5.7E-02 

2.1 E-04 

N A 

N A 

9.7E-03 

2.3E-02 

1.7E-03 

Future Child 
Resident 

2.OE+00 

1.6E-01 

N A 

9.2E-02 

4.4E+00 

3.6E-01 

4.7E-02 

4.3E-04 . 

N A 

N A 

1.6E-03 

6.3E-03 

1.4E-03 

N A 

5.7E-02 

7.7E-01 

2.9E-03 

N A 

N A 

8.8E-02 

2.OE-01 

1.5E-02 

4.8E+00 

1.2E-02 

N A 

N A 

8.2E-02 

1.8E-01 

1.4E-01 

N A 

3.2E+00 

NA 

l.OE+Ol 
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CUMULATIVE RlSK SUMMARY - CENTRAL TENDENCY EXPOSURE 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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INCREMENTAL CANCER RlSK 

Exposure Route 

3.3E-06 

2.7E-05 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering I NA I NA I NA I NA I 5.6E-09 

Construction 
Worker 

7.5E-09 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

N A 

2.OE-06 

Dermal Contact with Sediment 

Total Risk: 

Maintenance 
Worker 

N A 

N A 

1.9E-06 

1.6E-07 

N A 

N A 

N A 

N A 

N A 

N A 

4.1 E-06 

Adult 
Recreational User 

1.3E-07 

8.8E-09 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

1.4E-07 

Adolescent 
Tres~asser 

2.8E-07 

1.4E-08 

N A 

N A 

1.7E-06 

2.2~-06 

1.8E-08 

N A 

N A 

2.OE-08 

4.3E-06 

Future Adult 
Resident 
5.3E-06 

4.9E-05 

2.8E-07 

3.5E-08 

N A 

N A 

3.4E-07 

7.6E-07 

1.8E-08 

Future Child 
Resident 

1.3E-09 

1.4E-06 

2.9E-06 

1.5E-07 

N A 

N A 

1.2E-05 

1.6E-05 

1.3E-07 

5.3E-06 

1.9E-07 

N A 

N A 

3.2E-06 

4.OE-06 

3.4E-07 

3.8E-09 

8.5E-05 

7.OE-09 

4.4E-05 



TABLE 5-23 

SUMMARY OF CONCLUSIONS 
SWMU 5 - OLD BURN PIT 

HUMAN HEALTH RISK ASSESSMENT 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 2 

Chemical of ~oncern" '  

GROUND WATER 

DioxinslFurans 

Bis(2-ethylhexy1)phthalate 

Arsenic 

Manganese 

SURFACE WATER 
1,l-Dichloroethene 

cis-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

SURFACE SOIL 

DioxinslFurans 

Polyaromatic 
hydrocarbons 

Impact on Human Receptors 

Construction Worker ILCR = 2.7E-6, 
Residential ILCR = 4.1 E -4 

Residential ILCR = 6.OE-6 

Residential ILCR = 2.5E-5 

Adult resident HQ = 2.9, 
Child resident HQ = 10 

Residential ILCR = 5.OE-6 
Adult resident HQ = 0.21; 
Child resident HQ = 0.21 
Adult resident HQ = 0.21 ; 
Child resident HQ = 0.21, 
Residential ILCR = 5.8E-6 
Adult resident HQ = 0.17, 
Child resident HQ = 0.16, 
Residential ILCR = 3.2E-4 

Maintenance Worker ILCR = 1.4E-6, 
Recreational User ILCR = 3.3E-6, 
Trespasser ILCR = 1.1 E-6, 
Residential ILCR = 5.7E-5 

Residential ILCR = 1 BE-5 

Comments 

Risks from dioxins in ground water are based on the hypothetical future residential use 
but do not pose a risk under current and industrial and use. Dioxins were detected in 10 
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 2,3,7,8-TCDD. 

Bis(2-ethylhexy1)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. 
The maximum concentration in ground water (1.6 mglL) is less than the current (50 
mg/L) and recently proposed (10 mg/L) MCLs. In addition, the concentrations of arsenic 
in ground water samples are similar to the concentrations in the upgradient well. 

Risks for manganese are based on the hypothetical future residential use of ground 
water. 

Risks from chlorinated volatiles (especially, vinyl chloride) in surface water are based on 
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 
water which assumes that future residents are assumed to be exposed to surface water 
350 dayslyear. Vinyl chloride was detected in 2 of 4 samples which appear to be 
hydraulically connected. 

Dioxins were detected in 8 of 8 soil samples. Elevated risks (across all pathways) for 
dioxins are based on the hypothetical future residential land use. Risks calculated for 
receptors under current and industrial land use are within the EPA's target risk range. 
Concentrations of dioxinslfurans (as TEQs) in all surfce soil samples were less than the 
1 pg/kg preliminary remediation goal established by the U.S. EPA. 

Risks calculated for receptors under current land use are within the EPA's target risk 
range. Total risks from PAHs in soil are less than 1 .OE-4 for all receptors. 
Concentrations of PAHs in soil are within levels occurring in soil in the U.S. 



TABLE 5-23 

SUMMARY OF CONCLUSIONS 
SWMU 5 - OLD BURN PIT 

HUMAN HEALTH RISK ASSESSMENT 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF 2 

HQ Hazard Quotient. 
ILCR Incremental Lifetime Cancer Risk 
1 Any carcinogenic chemical with a ILCR greater than 1 .OE-6 or a noncarcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1 .O. 

Chemical of ~oncern" '  

Antimony 

Iron 

Lead 

SURFACUSUBSURFACE 

Dioxins/Furans 

Antimony 

Lead 

Impact on Human Receptors 

Adult resident HQ = 1 .O, 
Child resident HQ = 9.6 

Adult resident HQ = 0.24. 
Child resident HQ = 2.2 

Future Residents - Predicted blood lead levels in 
children greater than U.S. EPA recommemded 
levels ' 

SOIL 

Construction Worker ILCR = 2.7E-6 

Construction Worker HQ = 2.1 

Construction Worker - More than 5 % of the 
fetuses born to construction workers predicted to 
have blood lead levels greater than 10 pg/dL 

Comments 

Risks for antimony are based on the hypothetical future residential land use based on 
the concentration in one soil sample. Ttie sample may represent a "hotspot" at the site. 

Risks for iron are based on the hypothetical future residential land use 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 lead are based on the hypothetical future residential land use driven by the 
concentration in one surface soil sample. The sample may represent a "hotspot' at the 
site. 

Total lifetime cancer risk for future construction workers across all exposure pathways is 
within the U.S.EPA1s target risk range (1 .OE-6 to 1 .OE-4). Concentrations of 
dioxins/furans (as TEQs) in all surface/subsurface soil samples were less than the 1 
pg/kg preliminary remediation goal established by the U.S. EPA. 

Risks for the construction wokrer are based on the concentration in one surface soil 
sample. The sample may represent a "hotspot" at the site. 
Risks to the future construction worker are based on the average concentration in soil 
samples (>1,000 mg/kg). Lead concentrations in approximately 112 of subsurface soil 
samples were greater than 1,000 mglkg. 



TABLE 5-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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Frequency Minimum 
Rationale for 

Chemical 



TABLE 5-24 

Chemical 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWWU 5 -OLD BURN PIT 

NSWC CRANE. CRANE, INDIANA 
PAGE 2 OF 2 

Pesticides (mglkg) 
4.4'-DDE 1 116 1 0.0067 10.0067 1 05S8080002 1 0 003 ] ... 1 0.60 1 0 011 I NO 1 BSL 
AROCLOR-1254 1 418 1 0.1 J 1 0.24 [ 05SBO8OW2 1 0.099 1 ... I 0.68 1 0.353 1 No 1 BSL 
Herbicidas (mglkg) 

1 0.59634 1 0.027 1 NO 1 BSL 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEQII) I 111 I 13J  I 13J  1 05S8040002 1 13.0 1 I NA I NA I NO I NT 
PH (S.U.) I 111 I 5.1J 1 5.1J NA I NA I NO I NT 1 05SB040002 1 5 1 1 
TOTAL ORGANIC CARBON (mqkg) 1 111 1 17W 1 1700 1 05SB040002 1 1700 1 I NA I NA I No I NT 

Frequency 
of Detection 

I!) 

Shaded name ~nd~cates that constituent was selected as a COPC. Shaded values lndicate that the slle concentratton(s) exceeds thls part~cular crilerlon 
The table only includes parameters that were detected in downgradient samples (I( applicable). 
Footnotes: 
1 Only the original ol duplicate sample was used lor COPC selecl~on. The duplicate was used for qualily Control purposes only. 
2 The maximum detected concenlration was used lor screentng purposes. 
3 AS presented In Table 3-14. 
4 Reler lo Section 3.4 lor ecological ellects quotient calculalion. 

Minimum 
Concentration 

(11 

Delinilions: 
COPC =Chemical of potential concern 
NA = Not available. 

Associated SamDles: 
05880 10002 
05SB010102 
0588020002 
0588020102 
0588030002 
05SB030102 
05SB040W2 
05SB0401 02 

Maximum 
Concentration 

IIX~I 

5 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX =No toxicity inlormation available. 

For Elimination as a COPC: 
BKG = Below sile background levels 
BSL = Below COPC screentng level. 
NT = Nonloxic. 

Location of 
Maxlmum 

concentration 

Amrage of 
Site Above 

Background 
  on cent ration? 

Surface Soil 
COPC 

Screening 
~ e v e l  "' 

Ecological 
Effects ,,' 

COPC 
Flag "' 

Rationale for 
Contaminant 
Deletiin or 
Selection"' 



TABLE 5-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 5 - OLD BURN PIT 

NSWC CRANE. CRANE, INDIANA 
PAGE 1 OF 2 

Herbicides (mglkg) 
HEXACHLOROPHENE 1 114 1 0.0031 J 1 0.0031 J I 05SD040006 1 0.0011 1 0.0085 U 1 231 1 0.00001 I No I BSL 
PENTACHLOROPHENOL 1 114 1 0.006 J 1 0.006 J I 05SD050006 1 0.0019 1 0.0085 U 1 30.1 1 0.0002 1 No I BSL 



TABLE 5-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 5 -OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

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. 6 Rationale Codes: 
3 Location of upgradient sample was 05SD010006 For Selection as a COPC: 
4 As presented in Table 3-14. ASL = Above COPC screening level. 
5 Refer to Section 3.4 for ecological effects quotient calculation. NTX = No toxiclty information available 

Definitions: 
COPC = Chemical of Potential Concern 

For Elimination as a COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level. 
NT = Nontoxic. 

1 05SD050006 1 116 1 
Miscellaneous Parameters (mg/kg) 

 TOTAL ORGANIC CARBON 1 414 1 2600 1 11000 I 05SD040006 1 5500 1 3100 I NA 1 NA I NO I NT 1 

IVerage 
All Results 

Upgradient 
Samph 

  on cent ration'" 
Chemical 

NA = Not Available 

'",";Ft 
Scrsening 

Level(4) 

Frequency 
of 

Detection 
(1) 

Maximum 
Concentration ""'' 

Minimum 
Concentration 

(1) 

Rationale for 
Contaminant 
Deletion or 
p election'^' 

Location of 
~ a x i m u m  

Concentration 

Ecological 
Effects 

Quotient 

COPC 
Flag (6) 



TABLE 5-26 

ECOLOGICAL RISK SCREENING -SURFACE WATER 
SWMU 5 -OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

Shaded name indicates that constituent was selected as a COPC. Shaded vaIue8 indicate that the site concentration(s) exceeds this partlcuiar criterion. 
The table only includes parameters that were detected in dovngradient samples (k applicable). 
FwmoteS; 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used for quailty control purposes only. 

1 1 Freq;ency 1, M i n ; ~  
Chemical of Detection Concentration 

2 The maximum detected concentration was used lor screening purposes. 
3 Location of uoaradient samole was 05SW0101 
4 AS presented in Table 3-15: 
5 Refer to Section 3.4 for ecological elfects quotient calculation 

Dioxins (uglL) 
 TOTAL PECDD 1 114 19.4E-06 (9.4E-06 I 05SW0401 I 5.OE-06 I 0.0000033 UJ 1 2.78E-07 Yes 1 ASL 

Micellaneous Parameters (ugR) 
HARDNESS 1 414 1 38000 1 230000 1 05SW0501 1 124500 1 99000 1 NA I N A I No 1.  NT 
TOTAL SUSPENDED SOLIDS 1 314 1 2000 1 52000 05SW0201 1 17500 1 5000 1 NA I N A I NO I NT 

Maximum 
Concentration 

I*X*l  

pefinitions; 
COPC = Chem~cai of potential concem. 
NA = Not available. 

6 Rationale Codes: 
For Selection as a COPC: 

ASL =Above COPC screening level. 
NTX = No toxicity information available. 

Of 

ConcenbaUon 

For Elimination as a COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level. 
NT = Nontoxic. 

DECEMBER 2004 

oi 
AII ~ e s u ~ t a  

Upgradient 

Concentradon'" 

Surface 
Water 
COPC 

Screening 
 eve^(') 

Ecological 
~ t t e c t s  Quotient 

(8) 

'OPC 
Flag (') 

Rationale tor 
'Ontaminant 

Deletion or 
~elbct lon~" 



TABLE 5-27 

CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 5 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

Semi-Volatiles 
I Dibenzo(a,h)anthracene I I X I 
PCBs 

I~roclor-1260 I I X I I 

Parameters 

COPCs retained in surface water and sediment were used to evaluate potential risk 
to piscivorous receptors. 

Media 
Surface Water I Sediment I Surface Soil 

COPCs retained in surface soil were used to evaluate potential risk to terrestrial wildlife. 

Dioxins 



TABLE 5-28 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES - SURFACE SOIL COPCS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Chemical of Potential Concern (COPC) 
Frequency 

of Detection 

Maximum 
Detected 

Concentration 
1 (rnglks) 
I 

Number of 
Samples > 
Screenlng 

~evel") 

Screening Level 
(mglkg) 

Alternate Benchmarks 
Maximum 

EEO(') 

Other Stnn .?a Factnrs Cnnsirlarari in ~ v a l ~ ~ a t i n n ( ~ . ~ )  

Risk Determination 
(Acceptable1 

Unacceptable) 

- A study in the literature found that two species of earthworms showed no 
adverse effects from soil containing 5 mglkg of 2,3,7,8-TCDD. 

- Dioxins are not harmful to invertebrates at "high" levels because they lack 
the aryl hydrocarbon (Ah) receptor; invertebrates are not likely to be impacted 
by dioxin concentrations in the soil. 

- Plants also lack the Ah receptors so they are not likely to be impacted by the 
concentrations of dioxins in the soil. 

Retained as 
a COPC? 

TOTAL HXCDD 
TOTAL HXCDF - 
TOTAL TCDD 
TOTAI T C ~ F  

Acceptable 

518 
118 
2/8 
1 IR 

Volatiles 

0.00089 
0.0000254 
0.000404 
n nnnnsy4 

3.57 

I I I I I I I I I I I dimethylphthalate (200 mglkg). I 
lnorganics 

I I 
I Unacceptable I Yes 

0.0000002 
0.0000002 
0.0000002 
o nnnn3~6 

1 

NAPHTHALENE I 5l8 I 0.1 0.099 I 1.01 I 1 1 NA I NA 1 0.6'~' 1 NA I NA 1- The maximum detection is less than the Canadian SOG. I Acceptable I No 

I 

ANTIMONY 

4472 
128 

2030 
1 36 

NA 

Semivolatiles 

BARIUM I 818 I 2,020 1 1.04 1 1942 ( 8 I NA 1 330 1 NA 1 500 1 NA I- Several detections are greater than the Eco-SSL for soil invertebrates. 
I 

CADMIUM 
CHROMIUM 

DECEMBER 2004 

NA BS(2-ETHYLHEXYL)PHTHALATE 2/8 3.4 0.93 3.67 

718 5 

COPPER 
IRON 

5 
1 
2 
1 

NA 

1 

NA 

I I 

I I I I I I I I I I I 1- Only the maximum detected concentration is greater than the SQG, which is I Unacceptable I I 

618 
818 

NA 

301 Yes - Only the maximum detected concentration is greater than the Eco-SSL for 
invertebrates. 

- Several detected concentrations are greater than the ORNL plant benchmark; 
I I I I however, the site is heavily vegetated 

818 
818 

NA 
NA 
NA 
NA 

Unacceptable 

31.1 
112 

NA 

0.1 423 TT7 

1,520 
105,000 

NA 
NA 
NA 
NA 

NA NA 

NA 

0.00222 
0.4 

NA 100 

2.96 
NA 

NA 
NA 
NA 
NA 

- VOCs are generally not detected In surface soil because they are volatile. 
- 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 the warmer months when receptors are present. 

NA N A 

14009 
280 

78 

514 
NA 

NA 
NA 
NA 
NA 

No 

Acceptable 

- The maximum detected concentration is less than the ORNL plant value. 
- Maximum concentration less than earthworm values reported for 

6 
8 

NA 
NA 
NA 
NA 

No 

Acceptable 

8 
N A 

32 
NA 

NA 
NA 

140 
NA 

NA 
NA 

NA 
64 

63 
NA 

NA 
NA 

100 
NA 

NA 
NA 

60 
200'~) 

- Several detected concentrations are greater than the ORNL plant benchmark. 
- The maximum detection is less than the tco-SSLs for plants and inverlebrates. 
- The maximum detected concentration is less than the NOECs reported for 
invertebrates indicating they are not likely being adversely impacted from 
chromium in soil. 

based on effects to plants. 
- Several detected concentrations were greater than the Canadian SOG. 
- 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. 

- lron is generally considered a non-toxic metal in soil. 

Acceptable 
Acceptable 

(for invertebrates) 

No 
Yes 

(for plants) 
Unacceptable 
Acceptable 

Yes 
No 
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STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES - SURFACE SOIL COPCS 
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NSWC CRANE 
CRANE, INDIANA 
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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. 
5 Several general notes were made for several of the chemicals and are summarized as follows so that they do not have to be repeated for each chemical: 

- Metal shavings in the sample collected at 05S606 likely contributed to the elevated levels of several metals in this sample, where the maximum concentrations of most metals were found. 
-The site is heavily vegetated so even though the 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. 

Chemical of Potential Concern (COPC) 

LEAD 

MERCURY 
SILVER 

TIN 

ZINC 

Acronvms: 
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 

DECEMBER 2004 

Frequency 
of Detection 

818 

818 
318 

718 

818 

Maximum 
EEQ") 

314536 

5.89 
1.86 

111 

772 

Maximum 
Detected 

Concentration 
(msn(g) 

16,900 

0.43 
7.5 

849 

5,110 

Number of 
Samples > 
Screening 

m eve^'^' 

8 

6 
1 

7 

8 

Screening Level 
( m g w  

0.05373 

0.073 
4.04 

7.62 

6.62 

Risk Determination 
(Acceptable1 

Unacceptable) 

Unacceptable 

Acceptable 
Acceptable 

(for invertebrates) 

Unacceptable 
(for plants) 
Acceptable 

(for inveltebrates) 

Unacceptable 
(for plants) 

Unacceptable 

Step 3a Evaluation 

Other Step 3a Factors Considered in   valuation'^.^) 
- Only the maximum detected concentration is greater than the Eco-SSL for 
inveltebrates. 

- Several detected concentrations are greater than the Eco-SSL for plants. 
- The maximum detected concentration is less than the Canad~an SQG. 
- Several detected concentrations are greater than the ORNL plant benchmark. 
- Maximum detection Is well below ORNL benchmark for microorganisms 
which have shown similar sensitivities to metals as ealthworms. 

- Several detected concentrations are greater than the ORNL plant benchmark. 
- Maximum detection is well below ORNL benchmark for microorganisms 
which have shown similar sensitivities to metals as ealthworms. 

- Several detected concentrations were greater than the Canadian SQG. 

Retained as 
a COPC? 

Yes 

No 
Yes 

Yes 

Yes 

EcO-SSL 

Alternate Benchmarks 

Canadian 
SQG'3' 

NA 

12 
N A 

NA 

200 

Plant 

115 

NA 
NA 

NA 

N A 

Ealthworm 

1,700 

NA 
NA 

NA 

N A 

ORNL 
~ ~ ~ ~ h ~ ~ r k ~ ( ~ )  

Plant 

NA 

NA 
2 

50 

NA 

Earthworm 

NA 

NA 
50'~) 

2000'~) 

NA 



TABLE 5-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS - SEDIMENT COPCS 
SWMU 5 -OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Chemical of Potential Concern 
(COPC) 

Dioxins 

cause a low risk to fish (60 nglkg). 
- Aquatic invertebrates are much less sensitive to dioxins than are fish. 

Volatile Organics 

lnorganics 
ALUMINUM 414 7,660 N A N A N A N A N A 
ANTIMONY 314 5.8 N A N A N A N A N A 

Frequency of 
Detection 

Semivolatile Organics 

BARIUM 414 148 N A N A N A N A N A 

CADMIUM 1 I4 2.5 0.596 4.19 1 0.99 4.98 

Maximum Detected 
Concentration (mglkg) 

4.79 
3.90 

CIS-1 ,2-DICHLOROETHENE 
TRICHLOROETHENE 

1 
0.7 

1 14 
1 I4 

PCBs 

N A 
N A 
N A 

2-METHYLNAPHTHALENE 
DIBENZO(A,H)ANTHRACENE 
TOTAL PAHs 

255001-The maximum detection is less than the TEL. I Acceptable I No 
NA I -  Two detected.concentrations were slightly greater than the ER-L. I Acceptable I No 

Screening 
Level (mglkg) 

1 
1 

0.21 
0.18 

0.024 
0.016 
0.104 

1 I4 
1 I4 
N A 

NA 

I 
- . -  

- The location of the maximum detection has little aquatic habitat; effects td 
sediment invertebrates are unlikely due to the marginal exceedance I 

NA 
NA 
NA 

I reported at other locations. I I 
NA I- All detections are greater than the AET. I Acceptable I No 

Maximum 
EEQ(') 

N A 
N A 

0.020 
0.006 

N A 

- 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 keep Aroclor-1260 as a COPC. 

I - All concentrations are within the soil background data set for NSWC 
Crane indicating that barium concentrations are not significantly elevated I 

I in sediment. 
NA I- Only the maximum detected concentration is greater than the TEC; all I Acceptable I No 

Number of 
Samples > 
Screening 

 eve^(^) 

N A 
N A 

1.19 
2.57 
N A 

NA 
NA 
NA 

Acceptable 

detected concentrations were less than the PEC. 
- The location of the maximum detection has little aquatic habitat. 
- Effects to sediment invertebrates are unlikely. 

- Total PAHs were evaluated instead of individually detected PAHs. 
- The maximum detection is less than the consensus-based TEC. 

No 

DECEMBER 2004 

N A 
N A 

1 
1 

N A 

NA 
NA 
NA 

Step 3a Evaluation 

NA 
NA 
NA 

Acceptable 

Risk Determination 
(Acceptable1 

Unacceptable) 

NA 
NA 

N A 
N A 
1.61 

No 

Retained as 
a COPC? Other Step 3a Factors Considered in  valuation(^'^) 

Alternate Benchmarks 

N A 
N A 
N A 

NA 
NA 

Consensus- 
based TEC ESL 

0.65 
0.1 1 

Consensus- 
based PEC TEL 

NA 
NA 

ER-L 

- Although the detected concentrations are greater than the ESLs, the 
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. 

Canadian 
LEL AET 

Acceptable No 



TABLE 5-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS - SEDIMENT COPCS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

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. 
4 Several chemicals that were detected at concentrations greater than conservative screening levels were not retained as COPCs because of the poor andlor lack of aquatic habitat at the SWMU. 

Acronvms: 
AET = Apparent Effects Threshold 
COPC = 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 

DECEMBER 2004 

Screening 
Level (mglkg) 

16 

31 

N A 

N A 

120 

Maximum Detected 
Concentration (mglkg) 

37.1 

130 

81 2 

16.7 

243 

Chemical of Potential Concern 
(COPC) 

COPPER 

LEAD 

MANGANESE 

VANADIUM 

ZINC 

Frequency of 
Detection 

414 

414 

414 

414 

414 

Maximum 
EEQ(') 

2.32 

4.19 

N A 

N A 

2.03 

Retained as 
a COPC? 

No 

No 

No 

No 

No 

Number of 
Samples z 
Screening 

~eveP)  

2 

1 

N A 

N A 

1 

Risk Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

Acceptable 

Acceptable 

Acceptable 

Acceptable 

Evaluation 

Other Step 3a Factors Considered in  valuation(^^^) 

- 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 
- 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. 
- 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. 

- 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. 
- 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. 

Step 3a 

Alternate Benchmarks 

Consensus- 
based TEC 

31.6 

35.8 

N A 

N A 

121 

Consensus- 
based PEC 

149 

128 

N A 

N A 

459 

Canadian 
LEL 
NA 

NA 

460 

NA 

NA 

ER-L 
N A 

N A 

N A 

N A 

N A 

AET 
NA 

NA 

NA 

57 

NA 

ESL 
NA 

NA 

NA 

NA 

NA 

TEL 
NA 

NA 

NA 

NA 

NA 



TABLE 5-30 

Chemical of Potential Concern 
(COPC) 

L 
Dioxins 

I 

Volatile Organics 
CIS-1,2-DICHLOROETHENE 
TRICHLOROETHENE 

VINYL CHLORIDE 

Maximum 
Frequency of Detected Screening 

Detection Concentration Level (ug/L 
(ugfl) 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS - SURFACE WATER COPCS 
SWMU 5 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

Maximum 
EEQ") 

Number of 
Samples > 
Screening 

  eve^'^' 

N A I NA ( 970'~' 1 NA I NA I- he maximum detected concentration is less than the ESL. I Acceptable 
1 1 NA 1 47 1 NA 1 7257 I-The maximum detection is greater than the ESL. I Acceptable 

1 

- VOCs are generally not detected in 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 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Step 3a Evaluation 

N A 

Retained as a 
COPC? 

AWQC 

Chronic 

I I 

NA'~' 

I I months when aquatic receptors are present. I 

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. 
4 Based on trans-l,2-dichloroethene. 
5 The ESL for dioxins was not used in this Step 3a evaluation because it is based on risks to wildlife, not aquatic organisms. 

ESL 

2 I NA 1 930 1 NA I NA I- he maximum detected concentration is less than the ESL I Acceptable 
Inorganics 

AWQC = Ambient Water Quality Criteria 
COPC = Chemical of Potential Concem 
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 

ALUMINUM 
IRON 
IRON (Filtered) 
MANGANESE 
MANGANESE (Filtered) 

DECEMBER 2004 

NA 

Other Step 3a Factors Considered in  valuation'^) 

ORNL Aquatic 

- 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 

114 
414 
414 
314 
314 

SCV 

Acceptable 

LCV 
(daphnids) 

204 
1520 
594 
31 5 
304 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

N A 
1000 
1000 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
120 
120 

NA 
NA 
N A 
NA 
N A 

- Not detected in filtered sample which represents the bioavalable portion. 
- Maximum detected concentration in the filtered sample is less 

than the chronic WQC. 
- Maximum detected concentration is much less than tolerance 

value of 1500 ug/L (tolerance level from the U.S. EPA Gold Book). 

Acceptable 
Acceptable 

Acceptable 

No 
No 

No 



TABLE 5-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
SWMU 5 - OLD BURN PIT 

INSECTIVOROUSMERBIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Notes: 
- Blank spaces indicates 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 Effecls Concentration 
LOAEL - Lowest Observed Adverse Effecls Concentration 



TABLE 5-32 

TERRESTRIAL WILDLIFE MODEL-AVERAGE EEQS 
SWMU 5 - OLD BURN PIT 
NSWC CRANE, INDIANA 

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 Efects Quotient 
NOAEL - No Observed Adverse Effects Concentration 
LOAEL - Lowest Observed Adverse Effects Concentration 

Parameter 

Meadow 
Vole 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

N. Bobwhite 
Quall 

EEQNOAEL 

Meadow 
Vole 

EEQLOAEL 

American 
Robin 

EEQNOAEL 

N. Bobwhite 
Quail 

EEQLOAEL 

Short-Tailed 
Shrew 

EEQNOAEL 

American 
Robin 

EEQLOAEL 



TABLE 5 3 3  

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQSMAXIMUM CONCENTRATIONS 
SWMU 5 - OLD BURN PIT 

PISCIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Dioxins 

 TOTAL HPCDF I 1.3E-01 1.3E-02 I 7.7E-03 I 7.7E-04 
Semi-Volatiles 
I DlBENZO(A,H)ANTHRACENE - 8 8 -1 
PCBs 
7 7  8 8 . 8 8  6.3E-01 

Parameter 

Notes: 
- Cells are shaded if the EEQ is greater than 1.0 
- Bhnk spaces indicates that an EEQ could not be calculated because a NOAEL or LOAEL was not available 

EEQ - Ecological Efects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

Raccoon 

EEQNOAEL 
Raccoon 

EEQLOAEL 

Belted Kingfisher 

EEQNOAEL 

Belted Kingfisher 

EEQLOAEL 



TABLE 5-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU 5 - OLD BURN PIT 

PISCIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

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 

Parameter 
- . - . . . . - Dioxins 

Belted Kingfisher 
EEQNOAEL 

1.2,3,4,6,7,8,9-OCDD 
2,3,4,7,8-PECDF 
2,3,7.8-TCDD 
2,3,7,8-TCDF 

Belted Kingfisher 
EEQLOEL 

Raccoon 
EEQNOAEL 

Raccoon 
EEQLOEL 

Semi-Volatiles 
IDIBENZO(A,H)ANTHRACENE I 7.3E-01 I 7.3E-02 I 3.5E-03 I 3.5E-04 
PCRa 

2.7E-01 2.7E-02 
2.8E-02 2.8E-03 

1.3E-01 
7.2E-01 7.2Er02 

1.6E-03 
2.7E-02 
7.9E-03 
5.1 E-02 

1.6E-04 
2.7E-03 
7.9E-04 
5.1 E-03 



TABLE 5-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 05 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

DECEMBER 2004 

Retained as 
a COPC? 

Yes 

Chemical of Potential Concern (COPC) 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Unacceptable) 

Basis of Wildlife 
Toxicity Reference Value 

- Significant reduction in egg production 
and hatchability - for birds 

- Significant reduction in fertility and 
neonatal survival - for mammals 

Maximum 
Detected 

Concentration 

(mg/kg)"' 

5.05E-03 
3.13E-04 
3.59E-04 
5.41 E-04 
5.75E-05 
2.1 7E-05 
3.61 E-04 
5.30E-05 

Frequency of 
Detection(1) 

Other Step 3a Factors Considered in  valuation(^) 

- LOAEL EEQs calculated for several chemicals are greater than 1 .O. 
- Most of the NOAELs and LOAELs are based 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, especial!y for the metals present as 
metal fragments; dioxins may also be bound to the organic carbon 
portion the soil. 

Average 
Concentration 

(m@g)'" 

Insectivorous/Herbivorous Wildlife 
1,2,3,4,6,7,8,9-OCDD 
1,2,3,4,6,7,8,9-OCDF 
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 

EEQs Using Average 
Exposure Values 

818 
718 
818 
718 
618 
518 
718 
718 

NOAEL LOAEL 

None 
None 
None 
None 
None 
None 
None 
None 

EEQ > 
1 .O 

N A 
N A 
N A 
N A 
N A 
N A 

Robin 
N A 

1.50E-03 
8.83E-05 
1.07E-04 
1.1 4E-04 
1.08E-05 
4.48E-06 
6.52E-05 
1.1 9E-05 

EEQ > 

1 .O 

NA 
NA 
N A 
NA 
NA 
N A 
N A 
N A 

Species 

None 
None 
None 
None 
None 
None 
1 .O 

None 

Species 



TABLE 5-35 

Footnotes: 
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. 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 05 - OLD BURN PIT 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

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 detailed Step 3a evaluation. 

Acronvms: 
COC = Chemical of Concern 
EEQ = Ecological Effects Quotient 
FOD = Frequency of Detection 
LOAEL = Lowest Observable Adverse Effect Level 
NA = Not available or not applicable 
NOAEL = No Observable Adverse Effect Level 
FCM = Food Chain Model 

Chemical of Potential Concern (COPC) 

Piscivorous Wildlife 
1,2,3,4,6,7,8,9-OCDD 
1,2,3,4,6,7,8,9-OCDF 
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-HXCDF 
1,2,3,6,7,8-HXCDD 
1 2 3 6 7 8-HXCDF 

DECEMBER 2004 

Maximum 
Detected 

Concentration 

(mg/kg)(" 

6.1 E-03 
2.2E-04 
2.OE-04 
8.6E-05 
6.5E-06 
2.1 E-05 
7.2E-06 
8.3E-06 

Frequency of 
Detection(') 

414 
414 
414 
414 
314 
414 
414 
414 

concentration in sediment. 
- The only PCB detection was in a drainage ditch sample that is dry most 

of the time. Therefore, raccoons or birds w~ll not be consuming aquatic 
organisms from this area so impacts to piscivorous wildlife from PCBs 
in the sediment are not expected. 

DIBENZO(A,H)ANTHRACENE 
AROCLOR-1260 
CADMIUM 
COPPER 
LEAD 
ZINC 

Average 
Concentration 

(mg/kg)(" 

2.8E-03 
8.5E-05 
1 .OE-04 
4.1 E-05 
2.9E-06 
1.1E-05 
3.9E-06 
4.5E-06 

Basis of Wildlife 
Toxicity Reference Value 

- Significant reduction in fertility and 
neonatal survival - for mammals 

1 I4  
1 14 
1 14 
414 
414 
414 

EEQs Using Average 
Exposure Values 

Other Step 3a Factors Considered in  valuation(^) 

- PCBs and metals have LOAEL EEQs that are greater than 1 ; however, 
the waterbodies are only expected to account 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 because there are no sediment to 
fish BAFs for inorganics. A default BAF of 1.0 was used which assumes 
that the chemical concentration in fish is equal to the chemical 

0.01 6 
0.17 
2.5 
37.1 
130 
243 

NOAEL 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

EEQ > 

1 .O 

None 
None 
None 
None 
None 
None 
None 
None 

LOAEL 

0.008 
0.063 

1.1 
21.5 
48.6 
116 

Retained as 
a COPC? 

No 

Species 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

EEQ > 

1 .O 

None 
None 
None 
None 
None 
None 
None 
None 

Species 

NA 
NA 
N A 
N A 
N A 
N A 
N A 
N A 

None 
1100 
5.3 
2.7 
25 
3.0 

N A 
Raccoon 
Raccoon 
Raccoon 
Raccoon 
Raccoon 

None 
110 

None 
2.1 
2.5 
1.5 

N A 
Raccoon 

N A 
Raccoon 
Raccoon 
Raccoon 

N A 
Reproduction 
Reproduction 
Reproduction 
Reproduction 
Reproduction 
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FIGURE 5-1 3 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 
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Dermal Contact m m m  ... 
Fish Ingestion 

Residual Ash 

Dermal Contact ¤ ¤ m m m  . I ... 
Inhalation ¤ I . . I  

W = COMPLETE EXPOSURE PATHWAY 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 



FIGURE 5-14 

ECOLOGICAL CONCEPTUAL SITE MODEL 
SWMU 5 - OLD BURN PIT 

NSWC CRANE, CRANE, INDIANA 

RELEASE 
MECHANISM 

SECONDARY 
SOURCE 

- - - - -  

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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6.0 SWMU 9 

This section describes the SWMU 9 (Pesticide ControlIR-150 Tank Area) site investigations, physical 

characterization, nature and extent of contamination, human and ecological risk assessment and 

conclusions. References are provided to other sections of this RFI report for relevant background 

information and general data evaluation procedures. 

6.1 BACKGROUND 

Section 1.4.3 contains a description of the Pesticide ControlIR-150 Tank Area. Section 1.5.3 contains a 

description 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 9. These 

constituents of concern were used as the basis for the SWMU 9 site investigation described in this 

section. 

6.2 SITE INVESTIGATION 

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

potential risks for human and ecological receptors. Figure 6-1 includes the sample locations. Table 6-1 

summarizes the sampling and analysis program for SWMU 9, the Pesticide ControlIR-150 Tank Area. 

As depicted on Table 6-1, 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). 

The analytical program for the Pesticide ControlIR-150 Tank Area was developed based on the chemical 

categories represented by the list of detected chemicals of interest identified for the site in Section 7.6 of 

the Risk Assessment Work Plan (TtNUS, August 2000a). 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 inorganics, hardness, and TSS, and sediment samples were 

analyzed for TOC to assist in assessing potential risks for ecological receptors. Additionally, soil 

characteristic parameters (CEC, pH, and TOC) 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). 
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Ground water samples were not analyzed for dissolved inorganics since low-flow sampling procedures 

were used to minimize turbidity in ground water 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 

21 89, and the R-150 Tank Area. The rationale for the collection of these samples is as follows: 

Surface/subsurface soil (borinas) (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 21 89; 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. A total 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 09T01A 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 and 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 21 89 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 @% 
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runoff andlor 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 ControlIR-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 ControlIR-150 Tank Area. 

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 southwest 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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6.3.2 Geoloav 

The Pesticide Control/R-150 Tank Area is underlain 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 / 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, 09105-1 0, 

and 09/05-11. The encountered subsurface materials included natural unconsolidated materials 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 Hvdroneoloqy 

Ground water is present beneath the Pesticide ControlIR-150 Tank Area in both the natural 

unconsolidated 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 drilling, which existed in either the natural unconsolidated 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 ground 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. 

NATURE AND EXTENT OF CONTAMINATION 6.4 

. ,.. 
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 soil types 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 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. 

No background samples were collected for ground water, surface water, and sediment; however, 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 (TtNUS, August 2000) provides a tabular summary 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 SWMU 9. 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 in 

surface soil, respectively. If organic or inorganic chemical concentrations exceeded risk-based or 

applicable regulatory concentration criteria (criteria/lO for non-carcinogens), flags (e.g., R5DQL) appear 

on the tags at the affected locations on Figure 6-8. if an inorganic chemical was detected at a particular 

surface soil location and the site data set for that chemical is 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 site chemical concentrations for that soil 

group are not elevated relative to background concentration. 

Volatile Organic Compounds 

Methylene chloride was detected in five of the 11 surface soil samples analyzed. Methylene chloride 

concentrations ranged from 4 pglkg to 6 pglkg. This compound was detected in samples 09SB010102 

and 09SB030102 in the vicinity of former Building 2189, in sample 09SB0801 02 in the vicinity of former 

R-150 Tank Area, and in samples 09SB090102 and 09SB100102 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 pgIL) 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-but* 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 

1,200 pglkg. Maximum detected concentrations of the PAHs ranged from 18 pglkg (acenaphthylene) to 

1,800 pglkg (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 09SB090002, 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 pattern of PAH contamination. As shown in Figure 6-7, samples 

09SB090002 and 09SB030002 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 09SB020002 (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 

tanks and containers were reportedly rinsed on the western side of Building 21 89. 

4,4'-DDT and methoxychlor were the only pesticides detected in the surface soil samples. These 

pesticides were detected in sample 09SB090002 at concentrations of 4.7 pglkg and 25 pglkg, 

respectively. This sample is located in the southern portion of the site near the location of Former Building 

55. It is likely that the presence of these pesticides is attributable to past site activities such as spraying 

and possibly release through disposal. 

No PCBs were detected at SWMU 9 in surface soils. 

Herbicides 

The herbicides 2,443, dinoseb, and pentachlorophenol were detected at SWMU 9. 2,443 was detected in 

sample 09SB040002 (20 pglkg). Dinoseb was detected in sample 09SB080002 at a concentration of 

14 pglkg. Pentachlorophenol was detected in samples 09SB020002 (3.5 pg/kg), 09SB040002 

(2.0 pglkg), and 05SB070002 (1.2 pglkg). Samples 09SB020002 and 09SB040002 were collected west 

of former Building 2189. Sample 09SB080002 was located west of the former R-150 Tank, and sample 

09SB070002 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 discussed any further. 

Antimony, copper, lead, and zinc concentrations were statistically determined to exceed the background 

concentrations. Antimony was detected in two of 11 samples at concentrations ranging from 0.97 mglkg 

to 3.1 mglkg; the maximum was in 09SB060002. Copper was detected in all 11 samples at 

concentrations ranging from 7.6 mglkg to 20.1 mglkg; the maximum was in sample 09SB100002. Lead 

was also detected in all 11 samples at concentrations ranging from 8.6 mglkg to 34.9 mglkg; the 

maximum was in sample 09SB100002. Zinc was detected in all 11 samples at concentrations ranging 

from 30.3 mglkg to 120 mglkg; the maximum was in sample 09SB060002. Sample 09SB060002 is 

located just north of the former R-150 Tank, and sample 09SB100002 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 SWMU 9 surface soil. Only samples 09SB040002, 09SB050002, and 

09SB070002 were analyzed for miscellaneous parameters. The TOC ranged from 5,700 mglkg to 

8,500 mglkg. The CEC ranged from 8.4 MEQ1100 g to 11 MEQ1100 g. The pH ranged from 6.9 to 8.0, 

which is relatively neutral. 

6.4.2 Subsurface Soil 

As detailed in Table 6-1 and Section 6.2, 11 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 SVOCs, 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 compounds detected in the subsurface r re * *~ ,  

soil samples collected from SWMU 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 organic or inorganic chemical concentrations exceeded risk- 

based or applicable regulatory concentration criteria (criteridlo for non-carcinogens), flags (e.g., RSPRG) 

appear on the tags at the affected sampling locations on the figure. If an inorganic chemical was detected 

at a particular location and the site data set is elevated compared to the corresponding background dat 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 site 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 pglkg to 6 pglkg. 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 pglkg and 18 pglkg, respectively. Sample 09SB070709 is located 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 pglkg. 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. 

No pesticide compounds were detected in subsurface soil samples. 

Aroclor 1254 was detected in sample 09SB070709 at a concentration of 460 pg/kg. PCBs were not 

detected in any of the surface soil samples. Sample 09SB070709 is located in the vicinity of the former 

R-150 Tank, which was known to contain chlorinated hydrocarbons. The presence of Aroclor 1254 is 

probably related to past disposal activities at this site because the observed concentration is relatively high 

(i.e., greater than 250 pglkg). This level of detection in a single sample may indicate an isolated 

contamination hotspot. However, the PCB concentration (460 pglkg) is below the TSCA remediation level 

of 1,000 pglkg contained in TSCA regulations [40 CFR 9761.61 (a)(4)(i)(A)] for high occupancy areas. 

Herbicides 

The herbicide pentachlorophenol was detected at SWMU 9. Pentachlorophenol was detected in sample 

09SB0110406 at a concentration of 1.4 pglkg. 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 09SB11. 

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 detected 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 background concentrations. 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 generally comparable to Soil Group 8 concentrations. 

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 background concentrations in subsurface soil. 

Miscellaneous Parameters 

Cyanide was not detected in subsurface soil samples. 

Only samples 09SB010810, 09SB030406, 09SB080406, 09SB090810, and 09SB100204 were analyzed 

for miscellaneous parameters. TOC ranged from 1,200 mglkg to 6,500 mglkg. CEC ranged from 

7.4 MEQ1100 g to 13 MEQI100 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 presentsa 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 for SWMU 9 ground water. Figure 6-1 1 presents a geographical depiction of organic 

and inorganic detection in ground water. If organic or inorganic chemical concentrations exceeded a risk- 

based or applicable regulatory concentration criterion. (criterion110 for non-carcinogens), a flag (e.g., 

R9TAP) appears on the tag map at the affected sampling location. 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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Volatile Organic Compounds 

The VOCs 1,1,1 -trichloroethane, 1 ,l -dichloroethane, 1 ,l -dichloroethene, cis-l,2-dichloroethene, 

methylene chloride, and trichloroethene were detected in SWMU 9 ground water samples. 

1,1,1 -Trichloroethane, 1 , I  -dichloroethane, and 1 ,l -dichloroethene were detected in sample 09GW0301 at 

concentrations of 26 pg/L, 14 pg/L, and 6.4 pg/L, respectively. Cis-l,2-Dichloroethene was detected in 

09GW0301 (69 pg/L), 09GW0401 (130 pgL), and 09GWT0201 (1.7 pg/L). Methylene chloride was 

detected in sample 09GW0401 at a concentration of 58 pg/L. Trichloroethene was detected in samples 

09GW0301 (55 pg/L) and 09GW01001 (1 pg/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 (O9WTP-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 surrounding environment. The tank was 

subsequently excavated and removed from the site in September 1983. The locations of O9WTP-1 

through 09WTP-4 are shown on Figure 6-1 1. 

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 pg/L. Well 09-04, which is west of wells O9WTP-1 through 09WTP-4, contains 

cis-1,2-dichloroethene at 130 pg/L and methylene chloride at 58 pg/L. Well 09T02, which is northwest of 

the historic wells, contained cis-l,2-dichloroethene at 1.7 pg/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. 

Dieldrin was detected in sample 09GWT0101 at a concentration of 0.03 pg/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 

2,4,5-T and 2,4,5-TP (Silvex) were each detected in a single ground water sample. 2,4,5-T was detected 

in sample O9GWT0101 at a concentration of 0.1 3 pg/L, and 2,4,5-TP was detected in sample 09GW1201 

at a concentration of 0.17 pgR. Sample 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-150 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. 

These 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 considered 

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 ground water samples 

at maximum concentrations of 4.3 pg/L, 323 pg/L, and 7,920 pgL, 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 pg/L) and beryllium (4.4 pg/L) were found in sample 

09GWT0201. Lead was detected in sample 09GW0401 at a concentration of 1.1 pg/L. Vanadium was 

detected in sample 09GWT0101 at a concentration of 2.1 pg/L. Zinc and nickel were both detected in six 

of 12 samples. The maximum detected concentrations of zinc (166 pg/L) and nickel (279 pg/L) were 

found in sample 09GWT0201. Copper was detected in four of 12 samples at concentrations ranging from 

2 pg/L to 8.4 pg/L; the maximum detection occurred in sample 09GWT0201. Cobalt was detected in 

seven of 12 samples at concentrations ranging from 11.6 pg/L to 109 pg/L; the maximum occurred in 

sample 0909GWT0201. Iron was detected in 11 of 12 samples at concentrations ranging from 136 pg/L 

to 37,300 pg/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 pgR to 1.7 pg/L. 'The maximum detected concentration of selenium 

occurred in sample 09GWT0201. 

Barium, iron, manganese, selenium, and zinc were detected in the upgradient sample (09GWTP0601). 

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 6-1 1, there does not 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 9. These metals do not 

coincide with significant VOC, pesticide, or herbicide detections. Maximum detections occurred most 

frequently in samples 09GW0201 and 09GWT0201. 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 (09SW0101) 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 09SW0101. 

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 detections in surface water. If organic or inorganic chemical concentrations exceeded risk- 

based or applicable regulatory criteria (criteridlo for non-carcinogens), 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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" U P  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. 

No pesticide1PCBs were detected in SWMU 9 surface water samples. 

Herbicides 

2,4-D was detected in sample 09SW0201 at a concentration of 0.18 pgIL, 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, thallium, mercury, and tin were not detected in these 

surface 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. 

Arsenic, barium, iron, and manganese were detected in 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 pg/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 upgradient (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 results 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 maximum 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 6-1 1 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 E l  .3 contains a copy of the entire analytical database 
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for SWMU 9 sediment. Figure 6-1 3 presents a geographical depiction of organic and inorganic detections 

in sediment. If orgaic or inorganic chemical concentrations exceeded a risk-based or applicable 

regulatory concentration criterion (criterion110 for non-carcinogens), a flag (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 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 samples 09SD030006 and 09SD040006, both at a concentration of 4 pglkg. Methylene 

chloride was also detected at a concentration of 8 pglkg in sample 04SD010006, which was collected 

upgradient of SWMU 9. This compound is considered a common laboratory contaminant, and the low 

concentrations (i.e., near the detection limit 4 pglkg) found in these SWMU 9 sediments are similar 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 pglkg. 

Semivolatile Organic Compounds 

Fluoranthene was the only semivolatile compound detected in site-related sediment samples. 

Fluoranthene was detected at a concentration of 10 pglkg in sample 09SD030006, 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-150 Tank. However, PAHs were not detected in subsurface soil, ground water, or 

surface water samples from this area. 

The upgradient sediment location (09SD010006) for SWMU 9 contained benzo(b)fluoranthene (14 pglkg), 

chrysene (1 1 pglkg), and pyrene (1 4 pglkg) 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. 

PesticidesIPCBs 

No pesticides were detected in SWMU 9 sediment samples. 

Aroclor 1248 was detected in sample 09SD030006 at a concentration of 380 pglkg, 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 09SB070709. 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 

350 pglkg). 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 pglkg) and pentachlorophenol (2.7 pglkg), 

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 6-1 1, 16 metals were detected 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, potassium, 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 09SD020006 at a concentration of 1.3 mglkg. 

The remaining metals were detected in all four samples. Maximum detected concentrations for 

aluminum, copper, and chromium were found in sample 09SD050006. Maximum detection 

concentrations of arsenic, barium, iron, lead, manganese, vanadium, and zinc were found in sample 

09SD030006. The maximum detected concentration of cobalt was found in sample 09SD040006. 

Aluminum concentrations ranged from 5,470 mglkg to 10,800 mglkg. Chromium concentrations ranged 

from 11 .I mglkg to 13 mglkg. Arsenic concentrations ranged from 0.77 mglkg to 6.1 mglkg. Iron 

concentrations ranged from 15,700 mglkg to 18,600 mglkg. Manganese concentrations ranged from 

86.8 mglkg to 1,300 mglkg. Vanadium detections ranged from 12.2 mglkg to 21.2 mglkg. Zinc 

concentrations ranged from 27.7 mglkg to 95.3 mglkg. Cobalt concentrations ranged from 4.8 mglkg to 

14.5 mglkg. Barium concentrations ranged from 39.3 mglkg to 103 mglkg. Copper concentrations 

ranged from 9 mglkg to 27.7 mglkg. Lead concentrations ranged from 6.6 mglkg to 27.7 mglkg. 
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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 09SD010006) 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 (09SD050006) 

to 14,000 mg/kg (09SD040006) 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 subsurface soil were low (i.e., less than 20 pg/kg). Methylene chloride and chlorinated 

hydrocarbons (1 ,I ,I -trichlproethane, I ,I -dichloroethane, 1 ,I -dichloroethene, cis-l,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 pg/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 contaminant. 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 well 

09-04, and 1 ,l-dichloroethene, cis-1,2-dichloroethene, and trichloroethene in well 09-03 are in 

exceedance of risk-based 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 (09SD030006) at a concentration of 10 ~g l kg .  

However, several PAHs were detected in the SWMU 9 background sediment sample, indicating that 

PAHs may not 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. Di-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-DDT and methoxychlor were only detected in a single surface soil sample (09SB090002). Dieldrin 

was also detected in a single ground water sample (09GWT0101). The concentrations of these pesticides *-  

were low (i.e., less than 25 ~ g l k g  and 0.05 pg1L). Historical data discussed in the SWMUs 4, 5, 9, and 10 

work plan also contained detectable concentrations of pesticides. These pesticides are considered site- 

related contaminants; however, the frequency of detection 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 not detected in surface soil, surface water, or ground water at SWMU 9 during this 

investigation. Aroclor 1254 was detected in subsurface soil sample 09SB070709 at a concentration of 

460 ~g lkg .  This Aroclor was not detected in any other subsurface soil samples and is well bounded by 

surrounding downgradient samples exhibiting no detectable PCBs. Except for Aroclor 101 6 (detected in 

one subsurface soil sample) and Aroclor 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 ~g l kg .  Aroclor 1248 

was detected in a single sediment sample (09SD0300006) at a concentration of 380 ~g l kg ,  and is well 

bounded by downgradient samples exhibiting no detectable PCBs. The locations of the two Aroclor 

detections found during this Phase Ill 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-D and dinoseb, and pentachlorophenol were detected in several SWMU 9 surface soil 

samples. Pentachlorophenol was detected in a single SWMU 9 subsurface soil sample (09SB110406). 

These three compounds were detected infrequently and at generally low concentrations (i.e., equal to or 

less than 20 pglkg). 2,4,5-T and 2,4,5-TP were each detected in one ground water sample (09GWT0101 

and 09GW1201, respectively) at concentrations less than 0.2 pgIL. 2,4-D was detected in surface water 

sample 09SW0201 at a concentration of 0.18 pg/L. Herbicides were not detected in any sediment 

samples collected for SWMU 9. However, the upgradient sediment location (09SD010006) for SWMU 9 

contained dinoseb (8.2 pglkg) and pentachlorophenol (2.7 pglkg), indicating that these herbicides may not 

be site related. 

2,4-D was detected in surface soil sample 09SB040002, at 20 pglkg, but the downgradient sediment 

location did not show a detectable 2,4-D concentration. There are no other surface soil samples west of 

this location in the vicinity of former Building 2189. Dinoseb 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 pglkg and were 

primarily located in the vicinity of former Building 2189 (the exception is sample 09SB070002 at 

1.2 pglkg). The presence of some of these compounds in background samples suggests the herbicides 

may not be site 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 6-1 0). 

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 mglkg with one exception as compared to a range of 5.4 to 17.1 mglkg 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 mglkg at SWMU 5 versus 9.4 to 21.5 nlglkg in background surface soil) and, to a slightly 

lesser degree, zinc (30.3 to 120 mglkg at SWMU 5 versus 24.4 to 60.2 mglkg). Because the samples at 

the perimeter of the sampling pattern exhibit metal concentrations within background concentration 

ranges, the metals are well bounded 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 Group 9 samples (09SB040406 and 09SB090810). 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 detail for a similar 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 

6-1 1). All metals detected in ground water, except calcium and selenium, were in excess of upgradient 

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 exceed 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, marrganese, 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 

1980s to 2002. For example, well 09-02 dissolved manganese concentrations (only filtered sample data 

are available) decreased from about 35,000 pg1L to about 5,000 pg1L and well 09-07 dissolved 

manganese concentrations decreased from about 63,000 pg1L to about 200 pg1L. Overall, concentrations 

of manganese, which is the only metal of significant interest, 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 of 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. When upgradient exceedances of filtered 

samples did occur, the metal concentration was not in excess of a risk-based or regulatory criterion, 

except for arsenic, cobalt, copper, iron, lead, and manganese (essential nutrients excluded). Of these, 

metals, the concentrations are generally low or they are greater than the upgradient concentration only 

because a single upgradient filtered sample was collected. Because of this, no further delineation of 

metals in surface water is warranted based on the observed concentrations. 

Aluminum, antimony, arsenic, chromium, cobalt, iron, manganese, 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 

(09SWlSD05 and 09SWlSD03, 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 appear to 

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 not 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. 

Organic chemicals appear to be sufficiently bounded to support the planned risk assessments. The 
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HHRA presented in Section 6.6.1 and the ERA presented 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 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. 

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., pesticide management operations and waste d.m.:, 

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, and generation of fugitive dust and volatile 

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 Orqanics 

VOCs are typically considered to be fairly soluble and to have a low capacity for retention by soil organic 
xry, 

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 as volatilization, have resulted in their disappearance. 

Three chlorinated VOCs were detected infrequently in soil samples at SWMU 9 (in one of 22 

surface/subsurface soil samples) and seven chlorinated VOCs were detected in three of 12 ground water 

samples. The VOCs in ground water include the degradation products of PCE and TCE 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 Polvcvclic 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 bind to soil and sediment. 

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 9 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 

and sediment and their low solubility in water. 
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6.5.4 Polychlorinated Biphenvls (PCBs) 

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 lnorqanics 

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 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 and reach the ground water. 

6.6 HUMAN HEALTH RISK ASSESSMENT 

This section presents the 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 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. 

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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6.6.1.1 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 6-12 and 6-13 for 

surface soil and in Tables 6-1 4 and 6-1 5 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 

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. 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/subsurface soil: 

Volatiles - methylene chloride, tetrachloroethene, and trichloroethene 

PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(l,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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(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 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 surfacelsubsurface soil] are not considered to be site-related contaminants, 

were eliminated as COPCs, and were not carried through the quantitative risk assessment. 

Miqration 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 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 some chemicals (methylene 

chloride, tetrachloroethene, 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 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 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. In addition, several degradation products of tetrachloroethene and trichloroethene were 

detected in ground water at concentrations that exceeded risk-based screening levels and MCLs. The 

soillground 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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6.6.1.2 Ground water 

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 

COPC selection. The following chemicals were retained as COPCs in ground water: 

Volatiles - 1 ,l -dichloroethene, cis-l,2-dichloroethene, methylene chloride, and trichloroethene 

Dieldrin 

lnorganics - 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 levels for ground 

water). 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. 

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 21 89, the R-150 Tank area, and a location potentially affected by surface water runoff andlor 

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, B09SW0101, 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 (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, drainageways, or marshy areas would ever be used as a 

source of drinking water. Aluminum, arsenic, iron, and manganese were eliminated 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 

B09SD0101 was used as the upgradient surface water location for COPC selection. The following 

chemicals were retained as COPCs in sediment: 

Aroclor 1248 

lnorganics - aluminum, arsenic, iron, 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. 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 assumirlg 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 SWMU 9. 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 ControlIR-150 Tank Area, which defines the contaminant source, transport 

mechanisms, exposure routes, and potential receptors for the site, is presented as Figure 6-1 4. 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., 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, and generation of fugitive dust and volatile 

emissions from soil. 

Likely future land use at the Pesticide ControlIR-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 removed 

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 (aqes 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). 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 

potentially 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 land 

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 minimal risks are estimated for residential receptors. 

Table 6-19 presents a summary of the potentially complete and incomplete exposure pathways for 

potential receptors at SWMU 9. ~eta i ls  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 

SWMU 9. 

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 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 the iisk 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 summary 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. 

Noncarcinoqenic 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 (I), 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-l,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 residential 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 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. 

The risks calculated for cis-l,2-dichloroethene were based on the maximum detected concentration 

(0.13 mg/L) of this compound (because the 95 percent UCL exceeded the maximum). 

Cis-l,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-l,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 used as a source of potable water in the 

future. 

The Hls associated with direct exposure to other media at the site are minimal for all receptors (i.e., Hls are 

less than unity). 

Carcinoqenic Risks 

Cumulative ILCRs for the construction worker, maintenance worker, occupational worker, and adolescent 

trespasser are less than the U.S. EPA target risk range, 1x10-~ to 1x10~. 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 1 o - ~ ,  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 c a ~ ,  
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volatile organics in ground water. Arsenic accounts for approximately 48 percent of the total carcinogenic 

risk, and volatiles (namely, 1,l-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: 

Arsenic was detected in 12 of 12 ground water samples at SWMU 9 at a maximum concentration of 

4.6 pg/L. This concentration is less than the current MCL for arsenic (50 pg/L) and the recently 

proposed MCL (10 pg/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 (1 pg/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 residents would be within U.S. EPA's target risk range. 

Risks from exposure to volatiles in ground water are mainly attributable to 1 , l  -dichloroethene (1,l -DCE). 

1,l-DCE was detected in one of 12 samples at a maximum concentration of 6.4 pg/L. This 

concentration is less than the current U.S. EPA MCL and 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 

user, and adolescent trespasser under the CTE scenario are less than unity (I), 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 lLCRs 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-~ to IXIO-~, and 

ILCRs for future residents (adult + child) were within the target risk range. 

6.6.3.2 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: Al, As, Fe, Mn. 

Subsurface soils eliminated on the basis of background: As, Mn. 

Ground water: None. 

Surface water: Al, As, Fe, Mn. 

Sediment: None. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Backqround 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. 

6-36 CTO 001 0 

Parameter 

Aluminum 

Arsenic 

l ron 

Surface Soil 
Concentration 

(m@kg) 

12,900 

9.6 

20,100 

Region 9 
Residential 

(mf lg )  

76,000 

0.39 

23,000 

Subsurface 
Soil 

Concentration 

(msncg) 

9.6 

Sediment 
Concentration 

(mglkg) 

Region 9 
Industrial 

PRG 

(mglkg) 

100,000 

1.6 

100,000 

Literature 
Background 

( m f l g )  

10,000 - 300,000 
0.1 - 97 

7,000 - 555,000 
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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 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-~ (one-in-one-million) cancer risk level (the values are the COPC 

screening levels used in this HHRA). PRGs representing the 1 XIO'~ and 1 x10-~ cancer risk levels would 

be 10 and 100 times the values presented for the 1 x10-~ cancer risk level. Consequently, the maximum 

detected concentration of arsenic exceeds the 1 ~ 1 0 . ~  and 1 XIO-~ cancer risk levels, but not the1 x10-~ 

risk level. Additionally, as indicated above, the metals concentrations reported in the soils and sediments 

are within the background range reported in the literature. 

Manganese 

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 SDWA MCLs: 

1,800 1,060 

1 Secondary (aesthetic-based) MCLs are presented for aluminum, iron and manganese. 

1,060 19,000 

Parameter 

Aluminum 

Arsenic 

Iron 

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 

100 - 4,000 
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10 

300"' 
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water and surface water. In general, the use of tap water screening levels is regarded as a highly 

conservative 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 is slightly more than 1 x lo", and 

the lCLR for the future child resident is slightly less than 1 x 10". 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 elimination of 

aluminum, arsenic, iron, and manganese from the quantitative risk assessment for surface water. 

6.6.4 Uncertaintv 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 likely 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 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. 

6.6.4.2 Uncertainty Associated with COPC Selection 

Some constituents identified as COPCs in soil were conservatively selected as COPCs because 
cc .%, 

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. €PA, 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 (i.e., 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, 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 basis 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 (i.e., 

potential receptors ingest 2 liters of water per day1350 days per year) and potential receptors are exposed 

to sediment on a daily basis (i.e., 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 surfacelsubsurface 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 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 to the concentration in the sample from the upgradient 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 

ground water samples at a maximum concentration of 4.6 yg/L, but the 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. 

6.6.4.4 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 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 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 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-l,2-dichloroethene, iron, and manganese) were based on the maximum detected concentrations of 

these constituents because the 95% UCL exceeded the 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. Consequently, 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 surfacelsubsurface 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/kglday. 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 mglkglday. Consequently, risks calculated 

for the child resident for exposure to iron may be overestimated by a factor of 1.83 (1.110.6). 

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 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 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 pglday. The maximum detected concentration of 

arsenic in ground water at the site is 4.6 pg1L. Assuming a water ingestion rate of 2 liters per day, 

exposure to this concentration corresponds to an approximate intake of 9.2 pglday 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. 

Risks from exposure to volatiles in ground water are mainly attributable to 1,l-dichloroethene. However, 

1,l-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. The CSF for 1,l-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 Summarv 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 21 89, 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 21 89 is 1 ,I 50 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 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. lnhalation 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. lnhalation 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. lnhalation 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, 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: 

b 
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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(l,2,3-cd)pyrene, pentachlorophenol, Aroclor 1254, 

aluminum, antimony, barium, chromium (total), and iron 

Ground water - 1 , l  -dichloroethene, cis-1 ,?-dichloroethene, methylene chloride, trichloroethene, 

dieldrin, aluminum, arsenic, barium, beryllium, iron, manganese, and nickel. 

Surface Water - antimony. 

Sediment - Aroclor 1248, aluminum, arsenic, iron, and manganese. 

Quantitative estimates of noncarcinogenic and carcinogenic risks (Hls 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 residents (adult + child) exceeded 1 .0x104, the upper limit of the U.S. EPA target 

risk range. 

The greater than unity HIS resulted from exposure to cis-l,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,l-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 percent UCL exceeded the maximum). 

Cis-l,2-dichloroethene was detected in three of 12 ground water samples with an average 

concentration of 0.02 mgL. 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 of12 ground water samples at SWMU 9 at a maximum concentration of 

4.6 pg/L. This concentration is less than the current MCL for arsenic (50 pg/L) and the recently 

proposed MCL (10 pglL). 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 (1 pg/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 future 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,l-dichloroethene. 

1 ,l -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 

ground water. In addition, 1,l-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,l-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-l,2-dichloroethene, 1 , l  -dichloroethene, 

trichloroethene), 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 maximum concentrations 

to estimate potential risks, uncertainty in the toxicity of 1,l-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 Pesticide ControlIR-150 Tank Area, has been stocked with locust trees in the past. Other 

trees near this site include white ash (Fraxinus americana), 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 (Quercus imbricaria), white oak (Quercus alba), persimmon (Diospyros virginiana), 

Virginia pine ( Pinus virginiana), yellow poplar (Liriodendron tuliplfera.), redbud (Cercis canadensis), 

sassafras (Sassafras albidum), and black walnut (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 present in the water bodies just off-site of Crane, as well. 
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6.7.2 Potential Ecoloqical Receptors and Exposure Pathwavs 

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 Samplinq lnvestiqation and Results 

A total of 11 surface soil locations (Figures 6-7 and 6 4 ,  five sediment locations (Figure 6-1 I ) ,  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, VOCs, SVOCs, pesticides, herbicides, andlor 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 6.4). Also, surface water and 

sediment station 09SW/SD01 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 COPCs. If inorganic chemical 

concentrations are higher at the upgradient sample location versus the downgradient sample locations, 

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 3.4 of this report. The EDQLs used for 

screening are presented in Tables 3-1 4 and 3-1 5. 

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 soil background/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-butyl phthalate, naphthalene, methoxychlor, antimony, copper, lead, and zinc were initially selected 

as COPCs because the maximum concentrations exceeded the surface soil COPC screening levels and 

because some site sample concentrations exceeded the background sample concentrations (for 

inorganics only). The highest EEQ 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 also 

includes a comparison of site concentrations to those detected in the upgradient sample, 09SD010006, 

which is considered representative of surface water background/anthropogenic conditions. One VOC, 

one SVOC, one PCB, 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 level, 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, 09SW0101, which is considered 

representative of surface water backgroundlanthropogenic conditions. One herbicide, 15 inorganic 

chemicals (in unfiltered samples), and 14 filtered inorganic chemicals were detected in the surface water 

samples. 

2,4-D, iron, and manganese were initially selected as COPCs because no surface water COPC screening #m -+ 

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 09SW0101. All EEQs are low, with values of 

1.77 and below. 

6.7.5 ScientificIManaqement Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a ScientificIManagement 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. 
C - 
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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 at SWMU 9, and ~igures' 1-1 1 and 1-12 show the site topography and site photographs, 

respectively. 

SWMU 9 (Pesticide ControlIR-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 21 89 and 700 feet northwest of Building 55. 

6.7.5.1 Surface Soil 
i 

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 areas 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 were 

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 ecological 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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from location 09SB09. As shown in Figure 6-7, boring 09SB09 is located along the eastern border of the 

site adjacent to several roads including Highway 45. All detected PAHs, including naphthalene may be 

attributable to asphalt, road traffic, or waste oil. Di-n-butyl phthalate detected at sample location 09SB02 

(located on the western side of Building 2189) may be the result of site activities because di-n-butyl 

phthalate is used in the formulation of pesticides. Pesticide spray tanks and containers were reportedly 

rinsed on the western side of Building 21 89. EEQs for di-n-butyl phthalate and naphthalene were 8.0 and 

9.4, respectively. Methoxychlor was retained as a COPC because the single detected concentration of 

0.025 mg/kg slightly exceeded the screening level of 0.020 mg/kg. The only pesticides detected at the 

site were found at location 09SB09. This boring is located in the southern portion of the site near the 

location of Former Building 55 and detections are likely attributable to former site activities. Methoxychlor 

had an EEQ of 1.3. 

Four inorganics were retained as COPCs because their maximum concentrations were statistically 

determined to be greater than background concentrations and were also greater than the EDQLs. As 

determined in Section 6.4.1, metals detections do not indicate any apparent pattern of metals 

contamination. However, because EEQs for those metals retained as COPCs including antimony (21 .8), 

copper (6.8), lead (650), and zinc (18.1) were greater than 1 .O, potential ecological risks exist from metals Ux\ 

in surface soils at SWMU 9; these metals are further evaluated in Step 3a of the Baseline Ecological Risk 

Assessment (BERA). 

6.7.5.2 Surface WaterISediment 

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 collected from five locations at SMWU 9. 

Four sampling points were located in the unnamed tributary west of the former location of Building 21 89 

and the R-150 Tank. Locations in the tributary were sampled to monitor the stream at locations potentially 

affected by surface water 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. Additionally, one upgradient sample location 09SD/SW01 was selected to 

represent surface water and sediment conditions outside SMWU 9 boundaries; the results of this sample 

were not included in the SWMU 9 data representing potential SWMU 9 contamination. All sediment and 

surface water 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. Surface water samples were analyzed for total and filtered inorganics. 
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6.7.5.2.1 Surface Water 

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-D was initially selected as a COPC because an EDQL 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-D 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 

09SW0101, however the dissolved (filtered) results for the upgradient sample were similar to metals 

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 do not coincide with significant VOC, pesticide, or herbicide 

detections, indicating metals concentrations 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 EDQL. Aluminum, antimony, barium, iron, manganese, and vanadium were initially selected as 

COPCs because no EDQLs were available for comparison and the maximum downgradient 

concentrations reported for these chemicals 6xceeded those reported for the upgradient location. Arsenic 

and copper were initially selected as COPCs because their maximum detected concentrations exceeded 

the EDQLs and were greater than concentrations reported for the upgradient sample location. Aroclor 

1248 was detected at sample location 09SD03, 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 .I. 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 is a 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 

In 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 of 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 guidelines 

(U.S. EPA, 1997 and 2001 ; 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 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 conservative) guidelines in Step 3a of 

this assessment. These alternate guidelines are presented in Tables 6-28 (surface soil), 6-29 (sediment), 

6-30 (surface water), and 6-35 (terrestrial food chain modeling). The use of guidelines that are less 

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 

r" 

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 . I )  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 alternate 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 eliminated 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 evaluated 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 mgtkg) in sample 09SB020002 exceeds the Region 5 screening level of 0.15 mgtkg; however, the 

EDQL is based on risks to wildlife (i.e., 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 mgtkg (Efroymson et al., 1997b) 

The ORNL plant value of 200 mgtkg is based on plant growth of fescue, corn, and soybeans in two soil 

types at two pH levels. Fresh weights among the three species were reduced 23% to 44% by 200 mgtkg. 

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 mgtkg 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 mgtkg was 
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the lowest toxic concentration of the three reported. The ORNL earthworm vaue of 200 mglkg for 

dimethylphthalate was obtained by dividing the LC50 (1,064 mglkg) by a safety factor 5 (Efroymson et al., 

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 21 89, 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-butyl 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 is 

very limited. The location of the di-n-butyl phthalate detection is covered by gravel (see Figure 6-7 for 

location 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. 

Naphthalene 

Napthalene was initially selected as a COPC because the maximum detected surface soil concentration 

(0.93 mglkg) in sample 09SB090002 exceeded the Region 5 screening level (0.1 mglkg); 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 SQG - 0.6 mglkg [Canadian Council of Ministers of the Environment 

(CCME), 1997al 

The Canadian SQG for naphthalene of 0.6 mglkg is based on an Effects Concentration (EC) 25 for lettuce 

of 3 mglkg 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 3 mglkg 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 mglkg. ,".-% 
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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 mglkg which is less than the SQG and risks to plants and invertebrates at 

this location are acceptable. Naphthalene was not detected in the two locations nearest the maximum 

detection (09SB10 and 09SB1 I ) ,  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, the risk to plants and invertebrates are acceptable and 

naphthalene is not retained as a COPC for risks to plants and invertebrates. 

Methoxychlor 

Methoxychlor was initially selected as a COPC because the maximum detected surface soil concentration 

(0.025 mglkg) in sample 09SB090002 exceeded the Region 5 screening level (0.02 mglkg); 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 

09SB1 I) ,  indicating the methoxychlor detection is an isolated occurrence and not widespread across the 

site. The pesticide was not detected at any other sampled location; thus, the extent of contamination is 

very limited. 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. Although the presence of methoxychlor is likely to be related to former site activities, current 

concentrations and the 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 mglkg) 

in sample 09SB060002 exceeded the Region 5 screening level of 0.14 mglkg 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 al., 1997b) 

Ecological Soil Screen Level (Eco-SSL) for soil invertebrates - 78 mglkg (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 (i.e., 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 of 5 mglkg is based on a report of unspecified toxic effects on plants grown in a 

surface soil with the addition of 5 mglkg antimony. The maximum concentration is less than the ORNL 

plant value and so risks to plants are acceptable. Additionally, antimony was detected in just two 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 mglkg) 

in sample 09SB100002 exceeded the Region 5 screening level of 2.96 mgtkg 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 

copper concentration was compared to the SQG to evaluate risks to plants and invertebrates. 

Canadian SQG - 63 mglkg (CCME, 1997a) 

ORNL Plant - 100 mglkg (Efroymson et al., 1997b) 

ORNL Earthworm - 60 mglkg (Efroymson et al., 1997a) 

The copper Canadian SQG of 63 mglkg is the 25Ih percentile of effects and no effects data distribution for 

plants and invertebrates, which is the 171h of 69 data points and corresponds to an effect on radish 

seedling emergence. Copper concentrations below the Canadian SQG of 63 mglkg 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, m a " s  

although some studies demonstrated measurable effects to plants and invertebrates at copper 
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concentrations less than 63 mgtkg, the effects concentrations in many other studies were much greater 

than 63 mgtkg. 

The copper ORNL benchmark for plants (100 mgtkg) 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 al., 

1 977). 

The copper ORNL benchmark for invertebrates (60 nqgtkg) was based on toxicity data from 10 to 20 

studies. The endpoints for most of the studies cited in Efroymson et al., (1997a) are survival or impacts 

on reproduction (i.e., cocoon production, hatchling success). Because there were more than 10 studies, 

the benchmark was based on a loth percentile LOEC value. However, a review of the data in Appendix 

A.l of Efroymson et al., (1 997a) shows that most of the studies cited in that document have NOECs that 

are greater than 60 mgtkg. 

Although copper was statistically determined to be greater than background, the maximum concentration 

of copper (20.1 mgtkg) was similar to the background soil group 3 data set that ranged from 5.4 to 

17.1 mglkg. Additionally, the maximum detected copper concentration (20.1 mgtkg) is less than the 

Canadian SQG and ORNL values for earthworms and plants; therefore, impacts to plants and 

invertebrates 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 COPC 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 COPC because the maximum detected soil concentration (34.9 mgtkg) in 

sample 09SB100002 exceeded the Region 5 screening level of 0.054 mgtkg 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, so the maximum concentration 

of lead was compared to the Eco-SSLs to evaluate risks to these receptors. 

Eco-SSL for plants - 1 15 mgtkg (U.S. EPA, 2003e) 

t Eco-SSL for soil invertebrates - 1,700 mgtkg (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 (Folsomia candida) under three different test 

conditions (pH of 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 mglkg) was similar to the background soil group 3 data set that ranged from 9.4 to 21.5 mglkg 

with a 95% UTL of 27 mglkg. Because the maximum detected lead concentration is less than the plant 

and invertebrate U.S. EPA Eco-SSLs, risks to plants and invertebrates from lead 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 mglkg) in 

sample 09SB060002 exceeded the Region 5 screening level of 6.62 mglkg and because some site 

concentrations were greater than background concentrations. However, even though the EDQL is based 

on risks to invertebrates, the following alternate benchmarks were used to further evaluate risks to plants 

and soil invertebrates: 

Canadian SQG - 200 mglkg [Environment Canada (EC), 1999dl 

The zinc Canadian SQG of 200 mglkg 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 SQG 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 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 mglkg, indicating that earthworms 

appear to be less sensitive to zinc than plants. The maximum concentration of zinc is less than the SQG 

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 R4 -. 

from zinc are evaluated in Section 6.7.6.3 of this ERA. 
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6.7.6.1.2 Sediment 

Table 6-29 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. 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 sediment dwelling organisms are not 

expected at these locations because of the poor habitat. However, sediment concentrations are 

compared to more appropriate benchmarks (when appropriate) to provide a quantitative evaluation. 

Aroclor-1248 was initially selected as a COPC because the maximum detected sediment concentration 

(0.38 mgtkg) exceeded the Region 5 screening level of 0.034 mglkg. However, the most recent ESL (US. 

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 mgtkg (MacDonald et al., 2000) 

Consensus-based Probable Effects Concentration (PEG) - 0.676 mglkg (MacDonald et al., 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; OMOE, 1993), minimal 

effect threshold (MET; EC and MEIVVIQ, 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 

usirlg slightly 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 consensus-based 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 but is the geometric mean of 

the probable effect levels (PELS; Smith et at., 1996), effect range median values (ER-Ms; Long and 

Morgan, 1991), severe effect levels (SELs; Persaud et al., 1993) and Toxic Effect Thresholds (TETs; Ec 

and MENVIQ, 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 Aroclor-1248 concentration is 

less than the consensus-based PEC. 

Aroclor-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 09SD03, 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 COPC for risks to sediment dwelling invertebrates. However, 

because Aroclor-1248 is a bioaccumulative chemical, risks to piscivorous wildlife from Aroclor-1248 are 

evaluated in Section 6.7.6.3 of this ERA. 

Aluminum 

Aluminum was initially selected as a COPC because no EDQLs are available and because SWMU 9 

concentrations were greater than the upgradient sediment concentration. The alternate benchmark 

selected for aluminum is the TEL of 25,500 mglkg (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 al., 2000). The maximum aluminum .- . 
(10,800 mglkg) in sample 09SD050006 was below the TEL. Therefore, risks to sediment dwelling 

invertebrates from aluminum are acceptable; aluminum is not retained as a COPC for risks to sediment 

invertebrates. 

Antimony 

Antimony was initially selected as a COPC because no EDQLs are available and because SWMU 9 

concentrations were greater than the upgradient sediment concentration. The maximum detected 

sediment concentration for antimony was detected in sample 09SD020006 at 1.3 mglkg. The alternate 

benchmark selected for antimony is the ER-L of 2 mglkg (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 loth 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 SWMU 9 because saltwater studies were used to develop the ER-L. Antimony is 

not retained as a COPC for risks to sediment invertebrates. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4 ,5 ,9 ,  10 

Revision: 4 
Date: July 2005 

Section: 6 
Page 61 of 76 

Arsenic 

Arsenic was initially selected as a COPC because the maximum detected sediment concentration 

(6.1 mgtkg) exceeded the screening level of 5.9 mgtkg. However, the 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 mgtkg (MacDonald et al., 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 COPC 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 of this ERA. 

Barium 

Barium was initially selected as a COPC because no EDQL was available and the maximum 

concentration (103 mgtkg) exceeded the upgradient location concentration (78.1 mgtkg). 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 mgtkg 

(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 habitat 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 within the surface soil background range for 

barium (24.8 mgtkg to 155 mgtkg). 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 mglkg) exceeded the Region 5 screening level of 16 mglkg 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 mgkg (MacDonald et al., 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 COPC for 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 was initially selected as a COPC because an EDQL is not available and because SWMU 9 

concentrations were greater than the upgradient sediment concentration. Because an EDQL and 

consensus based TEC are not available for the screening, iron concentrations are compared to the 

Canadian LEL: 

Canadian Sediment Guidelines LEL - 20,000 mglkg [Ontario Ministers of the Environment (OMOE), 

1 9931 

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 goih percentile of the concentrations where a species was present, and then plotting the 

90Ih 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 95Ih percentile from the plot was selected as the 

Severe Effects Level (SEL) for metals. The maximum iron concentration (18,600 mglkg) 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 invertebrates. 
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Manganese 

Manganese was initially selected as a COPC because an EDQL 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 mglkg (OMOE, 1993). 

Manganese was detected in all four site samples collected and detected at a maximum concentration of 

1,300 mglkg in sample 09SD030006. The maximum concentration is greater than the LEL. Manganese 

was also detected at location 09SD04 at a concentration (1,290 mglkg) greater than the LEL. These two 

samples are located in the same tributary; 09SD03 is located within the SWMU boundaries while 09SD04 

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 mglkg. The two greatest manganese detections at SWMU 9 exceed the SEL. Manganese 

concentrations in the other two samples (09SD02 and 09SD05) were less than the upgradient sample 

manganese concentration (350 mglkg), 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 mglkg to 3,040 mglkg) 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 retained as a COPC for these 

receptors. 

Vanadium 

Vanadium was initially selected as a COPC because no EDQL was available and the maximum 

concentration (21 .I mglkg) was greater than the upgradient concentration. The only available alternate 

benchmark for vanadium is the AET of 57 mglkg (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 mglkg to 21.2 mglkg) are only marginally greater 

than the upgradient concentrations of 15.2 mglkg and less than half of the AET. Additionally, vanadium 

concentrations in the sediment are within the surface soil background range for vanadium (14.1 mglkg to 

48.5 mglkg). 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 COPC for risks to sediment invertebrates. 
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Surface Water 

Table 6-30 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 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, and 6), 

aquatic habitat at SWMU 9 is very poor consisting of small drainageways. Aquatic and sediment dwelling 

organisms are not expected at these locations because of the poor habitat. Water-quality standards 

(WQS) for surface water have been developed for lndiana (IDEM, 1998). In addition, U.S. EPA has 

established water-quality criteria (WQC) for a few contaminants (U.S. EPA, 2002). The lndiana WQS 

were not used in the evaluation because the WQS are based on the old U.S. EPA WQC. Therefore, it is 

more appropriate to use the updated U.S. EPA WQC. 

2,4-D 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 pg/L. 2,4-D was detected in only one site surface 

water sample at location 09SW02 at 0.18 pg/L. The single 2,4-D detection is less than the updated ESL 

and risks to aquatic invertebrates from 2,4-D are acceptable; 2,4-D 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-D 

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 pgk) at sample location 09SW05 exceeded the Region 5 screening level of 5 pg/L and 

was above the site-specific background concentration; however, the maximum concentration is less than 

the most recent ESL of 24 pg/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 

Copper was initially selected as a COPC because the single detected surface water concentration 

(7.4 pg/L) in sample 09SW0501-F exceeded the Region 5 screening level of 5 pg/L and SWMU 9 

concentrations were above site-specific upgradient concentrations. Because the WQC for copper is 

hardness-dependent, the chronic WQC was calculated as 14.8 pg/L using the average hardness 

concentration of 180 mg/L in sample 09SW0501-F. The maximum filtered copper concentration was less 

than the WQC. Therefore, risks to aquatic receptors from copper in the surface water are acceptable; 

copper is not retained as a COPC for risks to aquatic invertebrates. However, because copper is a 

bioaccumulative chemical, risks to wildlife from copper are evaluated in Section 6.7.6.2. 

l ron 

Iron was initially selected as a COPC because no EDQL was available and SWMU 9 concentrations were 

greater than the upgradient surface water concentration. The maximum detected iron concentration was 

1,460 pg/L (filtered) and was detected in sample 09SW0501; this location was collected from a drainage 

culvert leading from Building 150. During sample collection, the sediment at this location was noted as 

having some orange staining (see Appendix 6 for the field sample form). Surface 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 pg/L. The U.S. EPA WQC (U.S. EPA, 2002) for iron is 1,000 pg/L 

so the detected concentration at 09SW05 exceeds the WQC. 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 enough to warrant 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 pg/L) exceeded the Region 5 screening level of 1 pg/L and SWMU 9 concentrations 

were above the upgradient concentration. Lead was only detected in one filtered sample (09SW0501 -F). 

Because the WQC for lead is hardness-dependent, the chronic WQC was calculated as 4.7 pg/L using a 

hardness of 180 mg/L in sample 09SW0501-F. The maximum lead concentration is below the chronic 

WQC (U.S. EPA, 2002). Therefore, risks to aquatic receptors from lead in the surface water are 

acceptable; lead is not retained as a COPC 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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Manganese 

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 pg/L (Suter and Tsao, 1996). The 

ORNL chronic benchmark was developed using the Tier II method described in the U.S. EPA's Proposed 

Water Qualitv Guidance for the Great Lakes System in U.S. EPA (1 993b) (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 a"d 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 Tsao, 1996). Although the maximum detected 

concentration in filtered samples was 532 pg/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 the surface water and sediment samples 

is used for the conservative food chain model because less than 10 samples of 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 the average food chain models. Appendix H.4 presents 

the spreadsheets used to calculate the doses and EEQs. 
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6.7.6.2.1 Risks to Insectivorous/Herbivorous Receptors 

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 for lead 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 .O. 

Average COPC concentrations are typically more realistic exposure point concentrations (EPCs) for birds 

than maximum 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 mglkg lead, but where reproduction was less impaired at 

100 mglkg (Sample et al., 1996). Because the study was greater than 12 weeks in duration and 

considered exposure during reproduction, the 10 mglkg dose was considered a chronic NOAEL 

(1.1 3 mglkg-day) and the 100 mglkg dose was considered a chronic LOAEL (1 1.3 mglkg-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. 

The avian NOAEL and LOAEL for zinc were developed from a study in which no adverse effects were 

observed among hens consuming 48 and 228 mglkg zinc, but where egg hatchability was less than 20% 

of controls among hens consuming 2,028 mglkg zinc (Sample et al., 1996). Because the study was 

greater than 10 weeks in duration and considered exposure during reproduction, the 228 mglkg dose was 

considered a chronic NOAEL (14.5 mglkg-day) and the 2,028 mglkg dose was considered a chronic 

LOAEL (131 mglkg-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 

EEQs 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 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. Also, the bioavailability of the metals used in the toxicity test 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 to Piscivorous Receptors 

Table 6-33 presents the terrestrial wildlife model EEQs based on the conservative input parameters for 

the raccoon and belted kingfisher. Aroclor 1248 had NOAEL and LOAEL based EEQs greater than 1.0 in 

both the raccoon and kingfisher models. NOAEL and LOAEL EEQs for Aroclor 1248 were 190 and 19, 

respectively 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 EEQs 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 EEQs based on average input parameters (NOAELs and 

LOAELs) for the raccoon and belted kingfisher. Overall, most EEQs were greater than 1 .O. NOAEL and 

LOAEL based EEQs for Aroclor 1248 exceeded 1 .O with EEQs of 28 and 2.8, respectively in the raccoon 
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model. Only the NOAEL based EEQ for 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 for piscivorous species. All 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 .O, 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 would 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 the 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 used in developing the TRVs, the NOAELs and LOAELs are 

calculated to be 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 

11011O/P 6-69 CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4,5,9, 10 

Revision: 4 
Date: July 2005 

Section: 6 
Page 70 of 76 

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 Ecoloqical Risk Uncertaintv Analvsis 

Section 3.4.6 in the general methodology section presents the uncertainties that apply to all of the 

SWMUs. The uncertainty analysis presented in this section includes the 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 

overestimated. 

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 low 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. Two SVOCs, one pesticide, and four inorganics were 

initially selected as COPCs for 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 low and typical of concentrations associated with spot applications rather than an 

environmental release related to past SWMU 9 activities. Although 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 
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wildlife, soil to plants, and soil to invertebrate are similar (U.S. EPA, 1999) but carnivorous birds and 

mammals are expected to obtain only a small f,raction 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 are 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 to be 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 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 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 if an 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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6.7.7.3 Ecological Effects Data 

Toxicological data for a few of the chemicals initially selected as COPCs 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 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 ORhlL values are separated into guidelines for plants and guidelines for invertebrates. - s* 

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 refin.ed 

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 four 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 retaining the chemicals as COPCs 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 soil 
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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 invertebrates 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 COPCs for risks to plants and invertebrates. 

Of the four inorganics 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 bioaccumulative 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 in the sediment were further evaluated to 

determine whether site-related risks from the chemicals were acceptable andlor whether the risks were 

great enough to warrant retaining the chemicals as COPCs and proceeding further into the BERA. 

The only detected concentration of Aroclor-1248 was from a sample in 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. Therefore, 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). For that reason, it was 

determined that risks to sediment dwelling invertebrates are not great enough to warrant carrying Aroclor- 

1248 through the BERA process; Aroclor-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 soil 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 Orqanisms 

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-D and cobalt detections are less than the updated ESLs so risks to aquatic invertebrates 

from 2,4-D and cobalt are acceptable; 2,4-D and cobalt are not retained as COPCs for risks to aquatic 

invertebrates. 

Also, the concentrations of copper and zinc were less than U.S. EPA WQC (after adjusting for site-specific 

hardness) so risks to aquatic receptors from these metals are not 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 WQC. 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 aquatic 

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. 

Summarv 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 sedimentlsurface 

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 Insectivorous1Herbivorous 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 .O. 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, 

2,443, and three inorganics in the raccoon model are greater than 1.0, and NOAEL and LOAEL EEQs 

calculated for Aroclor 1248 for the kingfisher are greater than 1 .O. Although, risks to mammals consuming 

fish are possible because the LOAEL EEQs calculated for several chemicals were greater than 1 .O, 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 consume 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 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. 

Because the raccoon has a greater body weight than the test species used in developing 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 2,443 and metals which have 

calculated NOAELs and LOAELs for the raccoon of 7 (copper), 20 (2,443 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, 2,443, arsenic, copper, and lead are not 

retained as COPC in sediment for risks to mammals. 
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SURFACE/SUBSURFACE SOIL 

Location Sample 
Depth 

09SB07 

Sample Number 

0 - 2 feet bgs 

1 - 2 feet bgs 

7 - 9 feet bgs 

Analyses 

09SB070002 

09SB070102 

09SB070709 

App. lX 
VOCs 

(82606) 

N A 

X 

X 

Cyanide Miscellaneous 

parameters ) 

App. lX 
VOCs 

(801 58) 

N A 

X 

X 

App. lX 
SVOCs (PAHs 

via SIM) 

X 

N A 

X 

App. lX 
Pest.lPC6s 

X 

N A 

X 

App. lX 
Herbicides 

X 

N A 

X 

TAL 
Metals + 

Sn 

X 

N A 

X 

X 

N A 

X 

X 

N A 

N A 
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SEDIMENT 

App. IX = Appendix IX. Sn = Tin. 
NA = Not analyzed. SVOCs = Semivolatile organic compounds. 
PAHs = Polycyclic aromatic hydrocarbons. TAL = Target analyte list. 
PestIPCBs = Pesticides and polychlorinated biphenyls. VOCs = Volatile organic compounds. 
SIM = Selective ion monitoring. 
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Note: Sample numbers ending with " F  were field filtered prior to metals analyses. 

1 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. 
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Pestlcldes (pglkg) 
4.4'-DDT 1 3 8  UJ I 1 4.0 U I I 4 0 U  I I 4 2 U  I I 4 3 U  I I 3 9 U  I 1 3.9 U I 
METHOXYCHLOA 1 20 UJ I 1 20 UJ 1 1 2 1 U  I 1 2 2 U  I 1 2 2 U  I 1 2 0 U  I 1 2 0 U  I 
Herblcldes (pglkg) 

lnorganlcr (mglkg) 

Miscellaneous Parameters 

2,4-D I 3 1  UJ 

DINOSEB 1 3 1  UJ 

PENTACHLOROPHENOL I 077 UJ 

CATION EXCHANGE CAPACITY (MEW100 g) 
pH S U  

TOTAL ORGANIC CARBON (mgikg) 

3 3  U 

3 3  U 

082 U 

1 17 R 

I 3 2  U 

1 3 5  

I 

I 

1 20 J 

1 22 R 

I 2 0  J 

I 

I 

1 18 R 

1 3.5 U 

I 0 8 8 U  

1 l . O J  I 
6 9  J I 
8500 1 

I 3 2 U  I 
I 3.2 U 1 
I 0 8 0 U  I 

8 5  R 

14 R 

1.2 J 

9 8  J 

7 2  J 

5700 

1 8 4  J 

I 8 0  J 

1 1 6400 
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Sample Idenllllcallon 08SB110002 08SB110102 

Deplh Ranpe (feet bps) 0 - 2  1 - 2  

Soll Group: 3 3 

Voleules (pgmg) 

(METHYLENE CHLORIDE I 

Peatlcldoa (Wkg)  

4.4'-DDT 1 4.1 U I 1 4.7 1 I 4 0 U J  I I 3 8 U  I 
METHOXYCHLOR 1 2 1 U  I 1 2 5 J  I 1 20 UJ I 1 2 0 U  I 
Herblcldoa ((rgmg) 

2.4-D 

DINOSEB 

PENTACHLOROPHENOL 

82 R 1 1 1 2 R  I I 3 2  UJ I I 3 1 U  I 
14 J I 1 3 4 U  I I 3.2 UJ I I 3 1 U  I 
5.4R I I 6 0 R  I I 0.81 UJ I 1 0.78 U 1 
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bgs = Below ground surface 

Blank cells lnd~cate Ihe sample was not analyzed lor this parameter 

Dala Valldallon Ouallflers 
U - lndlcates that the chemlcal was not detected at the numerlcal detecl~on llmll (sample-speclllc quantllallon Ilmlt) noled. 

Nondetecled results lrom the laboratory are reponed In lh~s manner Thls quallller Is also added lo a posltlve result (reponed 
by the taboralory) 11 the detected concenlratlon IS determined to be anrlbulable to conlamlnatlon Introduced durlng lleld 
sampllng or laboratow anafysls 

UJ lndlcates that the chem~cal was not detected However. the delecllon llmlt (sample-speclllc quantllallon Ilmll) IS consldered lo 
be estimated based on problems encounlered durmg laboratow analysls The assoclated numerlcal delect~on llmll IS 

reqarded as Inaccurate or lmpreclse 
lndlcales mat the cnerncal was detected however. the assoclalea numerlcal result 1s not a preclse representat on ol Ihe 
anwunt ma1 IS actua ly present In the sample The laDoralory reported concentratlon 1s consndered to be an esl male 01 the 

UR - lndlcates that Ihe chemlcal may or may no1 be present. The nondelected analytical result reponed by the laboralory is 
consldered lo be unrellable and unusable Thls oualiller 1s applied In cases o l  gross technical delic~enc~es li e., holdlna limes 
rnlssed by a factor of h times the spec~lled llme Ilmlt, severe callbrallon noncompllances, and extremely low quallly control 
recoveries) 

R - lndlcales that the chemlcal may or may not be p!esenl The posltlve analytical results reponed by the laboralow 1s 
consldered to be unrellable and unusable Thls quallfler 1s applled In cases of gross lechnlcal dellclencles 

BU - lndlcates that the chemlcal was detected n thls sample as well as the assoclaled laboralow method blank but has been 
quallfled nondetected resultant ol laboratory blank contamination (i.e . concentratlon was less man Ihe blank action level). 

BJ - lndlcates that the chemlcal was detected In thls sample as well as Ihe assoclaled melhod blank, and Is consldered esllmated 
because the concentralion IS in excess of Ihe blank action level. 

ME0 = mlll~equlvalenls 

S U = standard unlts 

So11 Group 3 - Alluvlal Mlss~rs~pplan, and Pennsylvanian surface sol1 as per 'Basemde Background Solt lnvestlgallon Repon ' 

NSWC Crane lndlana (TINUS January 2001) 
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C AS 
Number 

Herbicides (~@kg)  

94-75-7 

88-85-7 

87-86-5 

Parameter 

Volatile Organics (pglkg) 

75-09-2 METHYLENE CHLORIDE 

PesticidesIPCB's (p@kg) 

Location of Maximum 
Concentration 

50-29-3 I ~ , ~ ' - D D T  I 111 1 I 4.7 I I 4.7 I 1 3.8 - 4.3 1 09SB090002 

20 

14 

1.2 

2,4-D 

DINOSEB 

PENTACHLOROPHENOL 

Site 
~ackground?'~' 

--- 

09SB040002 

09SB080002 

09SB020002 

1 16 

119 

319 

Detection 
Frequency 

72-43-5 I METHOXYCHLOR 111 1 25 I J I  25 J 1 20 - 22 1 09SB090002 I --- 

--- 
--- 
--- 

Maximum 
Qualifier 

3.1 - 3.3 

3.1 - 3.5 

0.77 - 0.88 

J 

J 

J 

Range of 
Nondetects 

Maximum 
Concentration 

Minimum 
Concentration 

20 

14 

3.5 

Minimum 
Qualifier 

J 

J 
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Miscellaneous Parameter (S.U.) 

IPH I  313 I  6.9 I J I  8 I  J I  .-- I  09SB070002 I --- I 

7440-02-0 

7440-09-7 

7440-62-2 

7440-66-6 

Miscellaneous Parameter (mglkg) 

TTNUSOO~ITOTAL ORGANIC CARBON I 313 I 5700 I  I  8500 I I  --- I  09s B040002 I  --- I 
1 - Associated Samples: 

09SB010002 09SB040102 

09SB010102 09SB050002 

09SB020002 09SB050102 

09SB020102 09SB060002 

09SB030002 09SB060102 

09SB030102 09SB070002 

09SB040002 09SB070102 

NICKEL 

POTASSIUM 

VANADIUM 

ZINC 

--- = Not applicable. 

Bolding indicates that parameter is in excess of background. 

2 - Background Samples: CAS = Chemical abstract services. 

BGISBAOIOI BG3SBA0301 

BG1 SBA0401 BG3SBA0501 

BGI SBP0401 BG3SBM0201 

BGI SBP0601 BG3SBM0401 

BG1 SBP0701 BG3SBM0601 

BGI SBP0801 BG3SBM0701 

BG1 SBP0901 BG3SBM0801 

BG3SBAOlOl 

11111 

611 1 

11111 

1111 1 

Note: - 
Surface soil samples were collected from the 0 to 2 foot depth interval. Samples collected for all analyses other than VOCs were taken from the full interval. 

Samples collected for VOC analyses were taken from the 1 to 2 foot interval because the 0 to 1 foot interval would be depleted in VOCs. 

9.5 

464 

14.5 

30.3 

J 

J 

J 
J 

18.3 

61 8 ---------- 
29.3 

120 

J 

J 

J 

J 

--- 
409 - 466 

--- 
--- 

09SB 100002 

09SB080002 

09SB090002 

09SB060002 

NO 

NO 

NO 

YES 
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D9SBllW06 

4 - 6  
8 

3 U 
3 U 

3 U 

Miscellaneous Parameters 

Semi-Volatiles (Irglkg) 
Bls(2-ETHYLHEXYL)PHTHALATE 1 380U  I  380U 1 410U I 380U 1 3 9 0 U  I 3 9 0 U  1 660 1 390U  I 370U 1 400U 1 3 9 0 U  
Pesticides (pglkg) 

AROCLOR-1254 I 38UJ  I 3 8 W  1 4 1 W  1 3 8 U  1 3 8 U  1 3 9 U  1 460 1 3 9 U  ( 3 7 U  1 39UJ  1 3 8 U  
Herblcides (Irglkg) - 

PENTACHLOROPHENOL I 0.77 U I  0.77 U I 0.83 U I  0.77 U I 0.78 U I I v I o . 7 9  0.79 U U I 0.75 U I  0.80 U 1 1.4 J 

Sample ldentiflcation 
Depth Range (feet bgs) 
Soil Group: 
Volatiles (pgkg) 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 

TRICHLOROETHENE 

09SB100204 
2 - 4  

8 

6 J  
3 U 

3 U 

09SB010810 
8 -  10 

8 

3 J  
3 U 

3 U 

09S8080406 
4 - 6  

8 

3 J  
3 U 

3 U 

7.4 J 

4.3 J 
loo0 U 

CATION EXCHANGE CAPACIPI (MEW100 g) 
pH S.U. 
TOTAL ORGANIC CARBON (mglkg) 

0958090810 
8 -10  

9 

3 U 
3 U 

3 U 

10.0 

5 5  J 

2200 

7.6 
6.9 J 

6500 

8.7 
5.1 J 

1200 

13.0 J 

4.9 J 
2400 

09SB020608 
6  - 8 

8 

4 J  
3 U 

3 U 

09SB060810 
8 -10  

8 

3 J  
3 U 

3 U 

09SB070709 
7 - 9 

9 

3 U 
4 

18 

09SB030406 
4 - 6  

8 

------ 
3 J  
3 U 

3 U 

09SB040406 
4 - 6  

9 

3 U 
3 U 

3 U 

09SB050406 
4  - 6  

8 

3 U 
3 U 

3 U 
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Blank cells indicate the sample was not analyzed for this parameter. 

Data Validation Qualifiers: 

U - lndicates thal the chemlcal was no1 delected at the numerical detect~on llmit (sample-specitic quantitalion limlt) noted. Nondetected results from the laboratory are reported in thls manner Th~s 
qualifier is also added to a positive result (reported by the laboratory) it the detected concentration is determined to be attributable to contamlnatlon ~ntroduced during field sampllng or laboratory 
analysis. 

UJ - lndlcates that the chemical was not detected. However, the detect~on llmlt (sample-spec~fr quant~talion Ihmit) is considered to be estimated based on problems encountered during laboratory 
analysis. The associated numerical detection llmlt IS regarded as Inaccurate or imprecise. 

J - Indicates that the chemlcal was detected. However, the associated numerical result is not a preclse representation of the amount that is actually presenl In the sample. The laboratory-reported 
concentration Is considered lo be an estlmate of the true concentration. 

UR - lndicates that the chemlcal may or may not be present. The nondetected analytical result reported by the laboratory is consldered to be unreliable and unusable. This qualif~er is applied in cases 
of gross technical deticiencies (i.e.. holding times missed by a factor of two times the specltled tlme Ihmit, severe calibration noncompliances, and extremely low quality control recoveries). 

R - lndlcates 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 qualiller IS applled in cases of 
gross technical deficiencies. 

BU - Indicates that the chemlcal was detected n this sample as well as the associated laboratory method blank bul has been quallf~ed non-detected resultant ol laboralory blank contamination (i e . 
concentration was less than the blank action level). 

BJ - lndicates that the chemical was detected in this sample as well as the associated melhod blank, and IS considered est~mated because the concentration is 

MEQ - mililequ~valents 

S.U. = Standard unlts. 

Soil Group 8 - Pennsylvanlan subsurlace clay and silt as per 'Basewlde Background So11 lnvestlgatlon Report,' NSWC Crane, lndlana (TINUS, January 2001). 

Soil Group 9 - Pennsylvanlan subsurlace sand as per 'Basewide Background Soil Investigation Report.' NSWC Crane, Indiana (TtNUS. January 2001). 

bgs - Below ground surface. 
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11 17-81-7  IBIS(^-ETHYLHEXYL)PHTHALATE I 111 1 ( 660 I 1 660 I 1 370-410 1 09SB070709 I --- 
PesticidewPCB's (pglkg) 

C AS 
Number 

Volatile 

75-09-2 

127-1 8-4 

79-01 -6 

11 1097-69-1 (AROCLOR-1 254 . I 1111 I 460 I I 460 I 1 37-41 1 09SB070709 I --- 
Herbicides (pglkg) 

7429-90-5 IALUMINUM I 11111 

Semi-volatile Organics (&kg) 

Parameter 

Organics (pg/kg) 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

7439-97-6  MERCURY 1 211 1 
7440-02-0 (NICKEL 1 r r l r l  

7440-09-7 POTASSIUM 111 1 

7440-62-2 VANADIUM 1111 1 

7440-66-6 ZINC 1111 1 

Detection 
Frequency 

611 1 

1111 

1111 

3280 1 1000 J -- 0958030406 YES 

1.7 J 1.9 0.83 - 0.93 09SB030406 NO 

0.26 J 5.8 - 09SB100204 NO 

Miscellaneous Parameter (MEQ1100 g) 

I  CATION EXCHANGE CAPACITY 1 51s 1 7.4 I J I  13 I J I  - 09SB080406 [ --- 

Minimum 
Concentration 

3 

4 

18 

Miscellaneous Parameter (S.U.) 

I IPH 1 515 1 4.3 J I 6.9 I J I  
- 09SB100204 I --- I 

Miscellaneous Parameter (mg/kg) 

 TOTAL ORGANIC CARBON 1 415 1 1200 1 1 6500 1 I 1000 I 09SB100204 I --- I 

Minimum 
Qualifier 

J 

Maximum 
Concentration 

6 

4 

18 

Maximum 
Qualifier 

J 

Range of 
Nondetects 

3 

3 

3 

Location of Maximum 
Concentration 

09SB100204 

09SB070709 

09SB070709 

Site Above 

Background?(' 

--- 
-.. 

--- 
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1 - Associated Samples: 

09SB010810 

09SB020608 

09SB030406 

09SB040406 

09SB050406 

09SB060810 

09SB070709 

09SB080406 

09SB09081 0 

09581 00204 

09581 10406 

SUBSURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

--- = Not applicable. 

Bolding indicates that parameter is in excess of background 

2 - Background Samples: 

BG1 SBP0806 

BGl SBPOlO3 

BG1 SBP0204 

BG1 SBP0206 

BG 1 SBP0305 

BG1 SBP0406 

BG1 SBP0505 

BG1 SBP0603 

BG1 SBP0804 

' BG1 SBP1004 

CAS = chemical abstract services 

bgs = Below ground surface. 



TABLE 6-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
Well Number 09-02 09-03 09-04 09-07 09-10 0412 09WTP05 09WTPO6 09T01 09T02 09T03 09T04 09T05 

09GWT~0601"' 
Sample Identification 09GW0201 09GW0301 09GW0401 09GW0701 09GW1001 09GW1201 09GWTP0501 (upgradient) 09GWT0101 09GWT0201 09GWT0301 09GWT0401 09GWT0501 

PesticldedPCB's (pg/L) 

DIELDRIN 1 0 019 U 1 0.020 U ( 0.022 U 1 0.020 U 1 0.019 U 1 0.020 U 1 0.019 U 1 0.020 U 1 0.030 1 0.021 U ( 0.019 U 1 0.020 U I 0.019 U 

Herbicides (pg/L) 

2.4.5-T 1 0 . 0 8 0 U J 1  0.080U 1 0.080U 1 0.08OU I 0 . 0 B O U  I 0.OBOU I 0.080U 1 0.080U 1 0.13 1 0.080U 1 0.08OU 1 0 . W U  1 0.08OU 

2.4.5-TP (SILVEX) 10.08OUJ 1 0.08OU I 0.080U 1 0.080U 1 O . W U  ( 0.17J ( 0.08OU 1 0.080U 1 0.08OU 1 0.08OU I 0.08OU I 0.080U 1 0.08OU 

Inorganic8 (pWL) 

1 - Sample was designated the SWMU 9 upgradient ground water sample. 

Data Validation Qualifiers: 
U - lndicates that the chemical was not detected at the numerical detection limit (sample-Speclfrc quantitation limit) noted. Nondetected results from the laboratory are reporled 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 - lndicates 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 detect~on limit is regarded as inaccurate or imprecise. 

J - lndicates 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 concenlrali~n. 

UR - lndicates that the chemical may or 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 
01 gross technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe calibration noncompliances, and extremely low qualily control recoveries). 

R - lndicates 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 - lndicates 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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GROUND WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Volatile Organics (pgR) 

60-57-1  DIELDRIN 0.03 1 1 0.03 I 1 0.019 - 0.022 1 09GWT0101 I --- 1 --- 
Herbicides (pg/L) 

0.08 I 09GWTO101 I --- I --- 
0.08 I 09GW1201 I --- --- 

CAS 
Number 

1 - Associated Samples: 

09GW0201 09GW0701 09GWT0101 09GWT0401 

09GW0301 09GW1001 09GWT0201 09GWT0501 

09GW0401 09GW1201 09GWT0301 09GWTP0501 

2 - Upgradient Samples: 

B09GWTP0601 

Parameter 

ND = Not detected. 

CAS = Chemical abstract services 
--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

Detection 
~re~uency")  

Minimum 
Concentration 

Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Qualifier 

Range of 
Nondetects 

Location of 
Maximum 

Concentratlon upgradient") 

Site Above 
Upgradient 
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Miscellaneous Parameters (mgR) 
1 70.0 1 I 180 I 
I 10.0 I 1 2.0 U I 

Sample Identification 
Herblcldes (WL) 
2,4-D I 0.080 u I 1 0.18 I I 0.080 u I I 0.080 u I I 0.080 u I I 

0 9 ~ ~ 0 1 0 1 ( "  
(upgradient) 09SWO101-F 09SW0201 09SW0201-F 09SW0301 09SW0301-F 09SW0401 09SW0401-F 09SW0501 09SW0501-F 
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1 - Sample was designated the SWMU 9 upgradient surface water sample 

Blank cells indicate saple was ot analyzed for this parameter. 

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 lo be 
anrlbutable to contamination introduced during field sampling or laboratory analysis. 

UJ - lndicates that the chemical was not detected. However, the detect~on limit (sample-specific quantitation limlt) IS considered to be estimated based on problems 
encountered during laboratory analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - lndicates that the chemical was delected. 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 - lndicates that the chemical may or 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 - lndicates 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 - lndicates 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 - lndicates that the chemlcal 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 

(94-75-7 12,4-~  I 1 14 I 0.18 I I 0.18 I I 0.08 1 09SW0201 I --- I --- 
Inorganic~ (pg/L) 

Filtered Metals (pg/L) 

Herbicides (ua/Lb 

Parameter 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

Detection 
~ r e ~ u e n c ~ " '  

7440-36-0 

7440-38-2 

7440-39-3 

7440-70-2 

7440-48-4 

7440-50-8 

7439-89-6 

7439-92-1 

7439-95-4 

7439-96-5 

7440-09-7 

1.6 

2.3 

7 1 

571 00 

5.1 

7.4 

1460 

2.3 

14100 

532 

5390 

Minimum 
Concentration 

ANTIMONY, FILTERED 

ARSENIC, FILTERED 

BARIUM, FILTERED 

CALCIUM, FILTERED 

COBALT, FILTERED 

COPPER, FILTERED 

IRON, FILTERED 

LEAD, FILTERED 

MAGNESIUM, FILTERED 

MANGANESE, FILTERED 

POTASSIUM, FILTERED 

J 

J 

J 

J 

Minimum 
Qualifier 

1.6 

0.27 

33.2 

17800 

5.1 

7.4 

145 

2.3 

6210 

18 

5390 

1 14 

414 

414 

414 

1 14 

1 14 

314 

1 I4 

414 

414 

1 14 

J 

J 

J 

J 

1 09SW0501 -F ND 
- 09SW0501 -F 1.1 

Maximum 
Concentration 

- 

--- 
--- 
3 

2 

100 

1 
--- 
--- 

5000 

Maximum 
Qualifier 

09SW0501 -F 

09SW0501 -F 

09SW0501 -F 

09SW0501 -F 

09SW0501 -F 

09SW0501 -F 

09SW0201 -F 

09SW0201 -F 

09SW0501 -F 

-- 
94.9 

40300 

ND 

ND 

138 

ND 

17800 

239 

ND 

Range of 
Nondetects 

Location of 
Maximum 

Concentration ~ ~ ~ r a d i e n t ( ~ )  

Site Above 
Upgradient 

Concentration? 



TABLE 6-9 

SURFACE WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

/CIS Number 1 Parameter 

Location of I 1 Site Above 1 I Detection I Minimum I Minimum Maximum I Maximum 1 Range of I Maximum Upgradient 
~reauencv''' Concentration Qualifier Concentration Qualifier Nondetects Concentration ~ ~ a r a d i e n t ' ~ '  Concentration? 

1 - Associated Samples: 

09SW0201 

09SW0201 -F 

09SW0301 

09SW0301 -F 

09SW0401 

09SWO401-F 

09SW0501 

09SW0501 -F 

7440-23-5 

7440-62-2 

7440-66-6 

2 - Upgradient Samples: 

B09SW0101 

BO9SWOlOl -F 

--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

ND = Not detected. 

CAS - Chemical abstract services. 

Miscellaneous Parameters (mg/L) 

I  HARDNESS I 414 I 70 I I 180 1 I --- I 09SW0501 I --- I NO I 

SODIUM, FILTERED 

VANADIUM, FILTERED 

ZINC, FILTERED 

414 

114 

1 14 

12700 

3.8 

10.2 

182000 

3.8 

10.2 

--- 

2 

10 

09SW0501 -F 

09SW0501 -F 

09SW0501 -F 

43200 

ND 

ND 

YES 

YES 

YES 



TABLE 6-10 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

Pesticides (pglkg) 
AROCLOR- 1248 I 53 U I 43 U 1 380 J I 45 U I 43 U 

Herbicides (pglkg) 
DINOSEB I 8.2 J I 3.5 U 1 3.6 U 1 3.6 U I 3.5 U 

PENTACHLOROPHENOL 2.7 J 0.88 U 1 0.89 U 1 7.1 R 1 0.88 U 

lnorganics (mglkg) 

Miscellaneous Parameter (mglkg) 

TOTAL ORGANIC CARBON I 38000 I 5500 I 7600 1 14000 1600 1 

09SD050006 09SD030006 09SD040006 Sample Identification 

Volatiles (pglkg) 

(METHYLENE CHLORIDE I 8 J I 4 U I 4 J I 4 J I 4 U 

Semi-Volatiles (pglkg) 

09SD010006"' 
(upgradient) 

BENZO(l3)FLUORANTHENE 

CHRYSENE 

FLUORANTHENE 

PYRENE 

09SD020006 

14.0 J 

11.0 

13.0 

14.0 

9.00 U 

9.00 U 

9.00 U 

9.00 U 

9.00 UJ 

9.00 U 

10.0 

9.00 U 

9.00 UJ 

9.00 U 

9.00 U 

9.00 U 

9.00 UJ 

9.00 U 

9.00 U 

9.00 U 



TABLE 6-1 0 

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 Validation Qualifiers: 
U - lndicates 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 - lndicates that the chemical was not detected. However, the detection limit (sample-specific 
quantitation limit) is considered to be estimated based on probiems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - lndicates 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 - lndicates that the chemical may or 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 - lndicates 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 - lndicates 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 - lndicates 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. 



TABLE 6-1 1 

SEDIMENT ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

1 - Associated Samples: 

09SD020006 

09SD030006 

09SD040006 

09SD050006 

Miscellaneous Parameters (mglkg) 

I  TOTAL ORGANIC CARBON I 414 I 1600 I 
2 - Upgradient Sample: 

B09SD010006 

CAS 
Number 

14000 1 

--- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

Range of 
Nondetects 

--- I 09SD040006 I 7170 --- 

ND = Not detected. 

CAS = Chemical abstract services. 

Parameter 

Volatile Organics (pglkg) 

75-09-2 

Site Above 
Upgradient 

Concentration? 

Detection 

~ requenc~ ' "  
Location of Maximum 

Concentration upgradient(" 

Semi-Volatile Organics (pglkg) 

206-44-0 ~FLUORANTHENE I 114 10 I I 10 I 9 I 09SD030006 I --- I --- I 
PesticideslPCB's (pglkg) 

1 2 6 7 2 - 2 9 - ~ ~ ~ 0 ~ ~ 0 ~ - 1  248 I 1 I4 I 380 I J I  380 I J 1 43 - 45 1 09SD030006 1 --- 1 --- I 

METHYLENE CHLORIDE I 214 I 4 I J I  4 

Minimum 
Concentration 

J I 4 1 09SD030006,09SD040006 1 --- I --- I 

Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Qualifier 





TABLE 6-1 2 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT wrrn SURFACE SOIL 
SWMU 9 -PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE. INDIANA 
PAGE 2 OF 2 

-: 
1 Only Ihe original ol duplicate sample was used for COPC selecllon. The duplicate was used lor quality conlrol purposes only. 
2 Values presented are sampie-specific guantitatron llm~ls. 
3 The maximum detected concentration is used for screening purposes. 
4 TO detelmlne whether metal concentrations were wilhln background levels, soil concentrations were 

compared lo  Base-wide background dala presented in the Basewlde Background Soil lnvesl~gation Report 
(TINUS. Inc.. January 2001) by means o l  the Wllcoxon Rank Sum Test. II the Wilcoxon Test 
delerrnlned that a constiluenl concenlrat~on was no! signiltcanty dilferenl Ironbackground, thal 
chemical was not selected as a COPC. 

5 The risk-based soil COPC screenlng level lor residential land use 1s presented. The value IS based on a 
target Hazard Ouolienl of 0.1 lor noncarcinogens (denoted wlth a 'N" Ilag) or an ~ncremenlal cancer 
risk o l  I E-6 lor carcinogens (denoled wilh a "C" Ilag) (U.S. EPA. Region 9. November 2000). 

6 The chern~cal is selected as a COPC I the maximum delecled concentrallon exceeds the risk-based 
COPC screening level andror an ARAFUTBC(s). 

7 Naphlhalene IS i sed  as a surrogate lor 2-merhylnaphihalene 
8 Acenapnthene IS Lsed as a SLrrogate lor acenaphlhylene 
9 Pyrene 1s used as a surrogate for benzo(g.h.l)perylene and phenanlhrene 
10 Hexavalent chromlurn 
11 OSWER so11 screenlng level lor resldenllal land use (U S EPA. July 1994) 
12 Value is for mercurlc chlorlde (U S EPA, Reg~on 3 October 2001) 

Associated SamDles: 
09S801 0002 09SB040102 09SB080002 

-: 
ARARrrBC = Applicable or Relevant and Appropriale RequiremenVto be considered. 
C = Carc~nogen 
CAS = Chemlcal abstracl services 
COPC = Chemlcal ol polentlal concern 
IDEM = lndlana Deparlment ol Environmental Management. Rlsk Integrated Syslem of 

Closure (RISC) res~denttal levels lor dlrect contacl wlth sol1 (IDEM JuM 2001) 
J = Estlmaled value 
N = Noncarclnogen 
NA = No1 appl~cablelnot available 
sat = Sol1 saluratlon concenlrallon 

Rationale Codes: 
For Selecl~on as a COPC. 

ASL = Above COPC screening IeveVARAWBC. 

BKG = Wllhln background levels. 
BSL = Below COPC screenlng IeveUARAFUTBC 
NTX = NO ~ox~c~ty~nlormat~on 
NUT = Essenl~al nulrlenl 

Shaded cells indicate lhal the specil~cdcrlterion or background level has been exceeded or lhal the chemical has been selected as a COPC. 
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OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MlGAATlON PATHWAYS FROM SURFACE SOIL 
SWMU 9 -PESTICIDE CONTROUR-150 TANK AAEA 

NSWC CRANE, CRANE, INDIANA 
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ScenarloTlmeframe: CurrenUFulure 
Medlum: Soil 
Exposure Medlum: Surface Soil 
Exposure Polnt: Surface Sol1 

Aallonale lor 
Conlamlnanl 
Deletion Or 

Selectton (7) 

" Nondelecls 

(2) 

VOLATILE 

C I S  
Number 

Maxlmum 
Concenlrallon 

(1) 

ORGANICS 

Concenlrallon 
Used for 

Screening (3) 

mgikg 
09SB080102. 

5111 0.003 - 0.004 
09S8090102 

PESTlClDESlPCBs 
50-29-3 14.4'-DDT 1 0.0047 1 1 0.0047 1 I mgkg lO9SBO90002 1 1/11 1 0.0038-0.0043 1 0.0047 1 NA 1 2 C 1 NA 1 260 No I BSL 
72-43-5 ~METHOXYCHLOR 1 0 025 1 J 1 0.025 1 J 1 mgikg 1 09SB090002 1 1/11 1 0.02 - 0.022 1 0.025 1 NA ( 8 N I NA I 160 No I BSL 
HERBICIDES 
94-75-7 12.4-D 1 0 02 1 J 1 0.02 1 J I mg'kg 1 09SB040002 [ 116 1 0.0031 - 0.0033 1 0.02 1 NA I NA N I NA I N A NO I NTX 

1 0.014 1 J 1 0.014 1 J I m g k g 1  09S80800021 119 1 0.0031-0.0035 1 0014 1 NA I NA 'N I NA I 
I mg'kg ] 09SB020002 1 3 9  1 0 00077 - 0.00088 1 0.W35 I NA 

MISCELLANEOUS PARAMETERS 
ICATlON EXCHANGE CAPACITY 1 8 4 1 J I 11 I J beql100 d 09SB040002 1 313 1 ... I 11 I NA I NA I I NA I N A NO I NTX 

IPH 1 6 9 1 J I  8 I J I S.U. 1 09SB070002 1 313 1 I 8 I NA I NA I I NA I N A NO I NTX ... 
ITOTAL ORGANIC CARBON 1 5700 1 1 8500 1 I mgikg 1 09SB040002 1 3 3  1 ... I 8500 I NA I NA I I NA I NA NO I NTX 

Chemlcal ","Uz:L: 
Site Above 

Background 

(4) 

Mlnlmum 
~oncentratlon 

(1) 

Unlls 
Minimum Oualifler 

USEPA Generic 
SSL for Migrallon 
lo 

(5) 

Locallon of 
Maximum 

Concentration 

USEPA 

Soil l o  Alr 
(5) 

Detection 
Frequency 

(1) 

I~~~~ 
Groundwater (6) 

COPC 

Flag 



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 

Foolnoles: 
1 Only the orlginal of duplicate sample was used lor COPC selecllon. The duplicate was used lor qual~ly conlrol purposes only. 
2 Values presenled are sample-soecilc auanlilalion lim~ls. 
3 The mailmum detected concenira~ion IS used lor screenlng purposes. 
4 TO delermine whelher melal concenlralions were within backaround ievels, soil concentrations were 

compared lo base-wide background data presenled in the B&ewlde Background Soil lnvesligalion Report 
(TINUS. Inc.. January 2001) by means 01 the W~lcoxon Rank Sum Tesl. I1 Ihe Wllcoxon Tesl 
delermlned lhat a const~tuent concentration was no1 signifcanty dillerenl from background, lhat 
chemical was no1 selecled as a COPC. 

5 Soil Screenma Guidance: Technical Backaround Documenl. (U.S. EPA. Mav 1996). The miaralion lo 
groundwalerialue represenls a dilulion and allenualion laclor (DAF) of 1. . 

6 Residenlial levels for miaralion lrom soil to aroundwater (IDEM. Juk 2001). 
7 The chemlcal IS selecled as a COPC 11 Ihe maxlmum detected concenlrallon exceeds any screenlng level 
8 Naphlhalene IS used as a surrogale lor 2-methylnaphthalene 
9 Acenaphlhene IS used as a surrogate lor acenaphlhylene 
10 Pyrene IS used as a surrogate lor benzo(g.h.l)perylene and phenanlhrene 

Associated Samples: 
0958040 102 09SB080002 
09SB050002 09SB080102 

Def~nlllons 
ARAIUTBC = Appilcable or Relevant and Approprlale RequlremenVto be considered 
C = Carcinogen 
COPC = Chemlcal 01 polenl~al concern 
IDEM = lndlana Department 01 Envlronmenlal Management R~sk Integrated Syslem of 

Closure (RISC) resldenllal levels lor mlgrallon lrom so11 lo groundwaler (IDEM July 2001) 
J = Esllmated value 
N = Noncarclnogen 
NA = No1 appl~cablelnol available 
sat = Soll salural!on concenlrallon 

Rationale Codes: 
For Seleclion as a COPC: 
ASL = Above COPC screenlng IeveVARAWBC. 

Fof E m~nallon as a COPC 
BKG = Wolnln background levels 
BSL = Below COPC screening IeveVARAWBC 
NTX =NO lorlcily inlormatdon. 
NUT = Essenlial nutrient. 

Shaded cells lndlcle lhal Ihe specifled crilerion or background level has been exceeded or lhal the chemical has been selected as a COPC. 



TABLE 614  

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACUSUBSURFACE SOIL 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: SurfaceJSubaurfaca Soil 
Exposure Point: SurfaceJSubsurlace Soil 

PAGE 1 OF 2 

Minimum Maximum 
Rationale for 

Chemical 

175-09-2 IMETHYLENE CHLORIDE 1 0.003 1 J 1 0.006 1 J 1 m g / k g ~ 0 9 S B 0 9 0 1 0 2 . ~  11/22 1 0.003-0.004 1 0.006 I NA 1 9.1 C I 120 I IDEM I NO 1 BSL I 
I I I 1 I 1 09SB080102 1 I I 1 I I I I I 

- - 

127-18-4 ~TETRACHLOROETHENE 1 0.004 1 1 0.004 1 I mglkp I 09SB070709 1 1/22 1 0.003.0.004 1 0.004 1 NA 1 1.5 C 1 48 1 IDEM I NO 1 BSL 
79-01 -6 ~TRICHLOROETHENE 1 0.018 1 1 0.018 1 I makg I 09SB070709 1 1/22 1 0.003 - 0.004 1 0.018 1 NA 1 0.053 C 1 45 1 IDEM I NO I BSL 
SEMIVOLATILE ORGANICS 

91-20-3 [NAPHTHALENE 1 0.03 ( 1 0.93 7 ( makg 1 09SB090002 1 2 / 2 2  1 0.008 - 0.009 1 0.93 1 NA 5.6 N 1 3200 1 IDEM I NO ( BSL 
85-01 -8 ~PHENANTHRENE 1 0.013 1 1 0.63 1 1 mglkg 1 09SB090002 1 4/22 1 0.008.0.009 1 0.63 1 NA 1 230(9) N 1 5500(9) 1 IDEM I NO 1 BSL 
129-00-0 ~PYRENE 1 0.013 1 1 0.23 1 J 1 mq/kQ 1 09SB030002 1 5/22 1 0.008 - 0.009 1 0.23 1 NA 1 230 N 1 5500 1 IDEM 1 NO 1 BSL 
PFCTIClOFS/PCRa . - - . . - . - - -, . - - - 
50-29.3 I ~ , ~ ' - D D T  1 0.0047 1 1 0.0047 1 I mwkp 09SB090002 1/22 1 0.0037.0.0043 1 0.0047 1 NA 1 1.7 C 20 1 IDEM NO 
11097-69-1 0 a . I- mq/kq I 2 0 . 0 3 7  1/22 N A C 1.8 1 IDEM 
72-43-5 IMETHOXYCHLOR 1 0.025 1 J 1 0.025 1 J I mq/kg 09SB090002 1/22 1 0.019-0.022 1 0.025 1 NA 1 31 N 910 ( IDEM 
HERBICIDES 
94.75-7 12,4-D 1 0.02 [ J 1 0.02 1 J I mgkq 
88-85-7 IDINOSEB 1 0.014 1 J 1 0.014 1 J I m g l k q  
87-86-5 ~PENTACHLOROPHENOL 1 0.0012 1 J 1 0.0035 1 I mdka 
INORGANICS 

09SB040002 
0988080002 
09SB020002 

1/16 1 0.003 - 0.0033 1 0.02 1 NA 1 69 N 
1/19 1 0.003-0.0035 1 0.014 1 NA 1 6.1 N 
4/20 1 0.00075 - 0.00088 1 0.0035 1 NA 1 3 C 

NA j IDEM I NO I BSL 
NA 1 IDEM I No 1 BSL 
20 IDEM I No 1 BSL 



OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACUSUBSURFACE SOIL 
SWMU 9 -PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Scenario Timelrame: Future 
Medium: Soil 
Exposure Medium: SurlacelSubsurlece Soil 
Exposure Point: Surfece/Subsurlace Soil 

PAGE 2 OF 2 

Minimum Maximum Location o l  Detection Rationab for 

Chemical concentration concentration hxi'!'Y" Maximum Frequancy Of Nondetecta U d  for I (1) I oumf'er I ( 1  I aual'er I Units I Concentration I (1) I 
7440-62-2 VANADIUM 1 2.4 1 J 1 29.3 1 J I mdkq I 09S0090002 1 22/22 1 .- 1 29.3 1 No 1 55 N I NA 1 IDEM 1 No I BSL,BKG 
7440-66-6 ZINC 1 9.9 1 J 1 120 1 J I mglkg I 09SB060002 1 22/22 1 ... 1 120 2300 N I 100000 1 IDEM I NO 1 BSL 
MISCELLANEOUS PARAMETERS 

ICATlON EXCHANGECAPACITY 1 7.4 1 J I 13 1 J heq/lOOd 09SB08W06 1 8/8 1 -.. 1 13 I NA I NA I / NA I IDEM I No l NTX 
(OH 1 4.3 1 J I 8 I J I S.U. 1 09SB070002 1 8/8 1 .-. 1 8 I NA I NA I I NA I IDEM I No I NTX 
[TOTAL ORGANIC CARBON 1 1200 1 1 8500 1 I mq/kg 1 09SBC40002 1 718 1 1000- 1000 1 8500 1 NA I NA I I NA I IDEM I No I NTX 

EQQmu: 
1 Only the origlnai of duplicate sample was used for COPC selectlon. The duplicate was used for quality control purposes only 
2 Values presented are semple-specific quantitatlon iimlts. 
3 The maximum detected concentration is used lor screening purposes. 
4 TO determine whether metal concentrations were within background levels, sol1 concentrations were 

compared to base-wide background data presented in the Basewide Background Soil lnvestigetlon Repon 
(TtNUS, inc., January 2001) by means of the Wilcoxon Rank Sum Test. If the Wilcoxon Test 
determined that a constituent concentration was not significenty different lrom background, that 
chemlcal was not selected as a COPC. 

5 The risk-based soil COPC screening level for resldentlal 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 ol 1 E-6 lor carcinogens (denoted with a "C" flag) (U.S. EPA, Region 9, October 2002). 

6 The chemical is selected as a COPC If me maximum detected cancentration exceeds the risk-based 
COPC screening level endlor an ARAR/TBC(s). 

7 Naphthalene is used as a surrogate lor 2-methylnaphthalene. 
8 Acenaphthene Is used as a surrogate for ecenaphthylene. 
9 Pyrene Is used as a surrogate lor benzo(g,h.i)perylene and phenanthrene. 
I 0  Hexavalent chromium. 
11 OSWER soil screening level lor residential lend use (U.S. EPA, July 1994). 
12 Value is for mercuric chlorlde (U.S. EPA, Region 3.October2001). 

Qefwms: 
ARAMBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C = Carcinogen. 
CAS = Chemical abstracl services. 
COPC = Chemlcel of Potential Concern 
IDEM = Indiana Depanmenl of Environmental Management, Risk Integrated System ol 

Closure (RISC) resldentlal levels for dlmct contact wlth soil (IDEM, July 2001). 
J = Estimated value. 
N = Noncarclnogen. 
NA = Not eppiicabWnot evallable. 
meq = mllllequlvalent. 
S.U. = Standard unts. 
sat = Soil saluration concentration. 
nahwkmk 
For Selecclon as a COPC: 
ASL = Above COPC screening IeveVARAMBC. 

BKG = Within background levels. 
BSL = Below COPC screening IeveVARAMBC. 
NTX = No toxlcity Information. 
NUT = Essentlel nutrlenl. 

Shaded cells indlcate that the specified crlterlon or background level has been exceeded or that the chemlcal 
has been selected as e COPC. 
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OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE/SUBSURFACE SOIL 
SWMU 9 -PESTICIDE CONTROUR-150 TANK AREA 

NWSC CRANE, CRANE, INDIANA 
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Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Surlace/Subsurface Soil 
Exposure Point: Surface~Subsurface Soil 

PESTICIDESIPCBs 
50-29.3 4.4'-DDT 1 0.0047 0.0047 rnglkg 1 09SB090002 / 1122 0.0037 - 0.0043 1 0.0047 N A 1 2  C N A 260 No I BSL 
11097-69-1 AROCLOR-1254 1 0.46 0.46 rnglkg 1 09SB070709 1 1/22 0.037 - 0 043 1 0.46 NA I NA C N A 6.2 No I BSL 
72-43-5 METHOXYCHLOR 1 0.025 J 0.025 J mglkg I 09SB090002 1 1/22 0.019 - 0.022 1 0.025 N A 1 8  N N A 160 No 1 BSL 
HERBICIDES 
94-75-7 2.4-D J rnglkg 1 09SB040002 1 1/16 

J mg/kg 1 09SB080002 1 1/19 -- 



TABLE 6-15 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACEISUBSURFACE SOIL 
SWMU 9 -PESTICIDE COhTROLm-150 TANK AREA 

NWSC CRANE, CRANE, INDIANA 

Scenario Timelrame: Future 
PAGE 2 OF 2 

Medium: Soil 
Exposure Medium: SurfacdSubsurface Soil 
Exposure Poinl: SurfacdSubsurface Soil 

Footnotes: 
I Only the original of duplicate sample was used lor COPC selection. The duplicate was used for qualily control purposes only 
2 Values presented are samplespecific quantitalion lim~ts. 
3 The maxlmum detected concentration is used for screening purposes. 
4 TO determine whether metal concentralions were within background levels, soil concentralions were 

compared lo base.wide background data presented in the Basewide Background Solt lnvesligation Report 
(TINUS. Inc. Januaty 2001) by means 01 the Wilcoxon Rank Sum Test. I the Wilcoxon Test 
determined lhat a constiluent concentralion was not significanly dilferent lrom background, lhat 
chem~cal was not selected as a COPC. 

5 Soil Screening Guidance: Technical Background Document. (U.S. EPA. May 1996). The migralion to 
groundwater value represenls a dilution and attenualion faclor (DAF) ol 1 

6 Residential levels lor migralion lrom soil lo groundwater (IDEM. July 2001). 
7 The chemical is selected as a COPC if the maximum detected concenlralion exceeds any screening level. 
8 Naphthalene is used as a surrogate for 2-methylnaphlhalene. 
9 Acenaphthene is used as a surrogate for acenaphlhylene. 
10 Pyrene is used as a surrogate lor benzo(g.h.i)petylene and phenanlhrene. 

CAS 
Number 

7440-62-2 
7440-66-6 
MISCELLANEOUS 

Definitions. 
ARARmBC = Applicable or Relevant and Appropnale RequiremenVlo be considered. 
C = Carcinogen. 
CAS =Chemical abstract services. 
COPC = Chemical ot polential concem. 
IDEM = Indiana Departmenl ol Environmenlal Management. Risk lnlegraled System 01 

Closure (RISC) resldenlial levels lor migration from soil to groundwater (IDEM. July 2001) 
J = ~slimated'value. 
N : Noncarcinogen. 
NA = Nol applicabWnot available. 
sat = Soil saturalion concentralion. 
meq = miiliequlvalents. 
S.U. = Slandard units. 

Rationale Codes: 
For Selection as a COPC: 
ASL = Above COPC screening IeveVARARmBC. 

Associated Samoies: 
09S6010002 09S6050002 09S6090002 0958030406 

Chemical 

VANADIUM 
ZINC 

PARAMETERS 
CATION EXCHANGE CAPACITY 
PH 
TOTAL ORGANIC CARBON 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening IevellARAWTBC. 
NTX = No toxiciiy information. 

Shaded cells indicate that the specified NUT = Essent~al nutrienl. 

Minimum 
  on cent ration 

(1) 

2.4 
9.9 

7.4 
4.3 

1200 

J 
J 

J 
J 

- 

Maximum 
~oncenlration 

(1) 

29.3 
120 

I 3  
8 

8500 

IDEM SSL lor 
Migration to 

Groundwater (6) 

N A 
14000 

N A 
N A 
N A 

Qualifier 

. J 
J 

USEPA 
Generic 
SSL for 

Soil to Air 
(5) 
N A 
N A 

N A 
N A 
N A 

COPC 
Flag 

No 
No 

NO 
NO 
No 

Units 

mglkg 
mglkg 

Range Of Nondetects 
(2) 

... 

... 

... 

... 
1000 - 1000 

Rationale for 
Contaminant 
"letion Or 

Selecllon ( 7 )  

BSL,BKG 
BSL 

NTX 
NTX 
NTX 

J lmeq/100 q 
J I S.U. 

I mglkg 

Locallon of 
Maximum 

Concentration 

0930090002 
09SB060002 

Concentration 
Used lor 

Screening (3) 

29.3 
120 

Detection 
Frequency 

(1) 

22/22 
22/22 

09SB080406 
09S6070002 
09SB040002 

818 
W8 
718 

13 1 NA 1 NA I 
8 I NA I NA 1 

8500 I NA I NA I 

z:zEU',"d 
(4, 

No 

USEPA Generic 
SSL for Migration 

to  Groundwater (5) 

300 N 
620 N 



TABLE 616 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTEMIAL CONCERN - GROUND WATER 
SWMU 9 - PESTICIDE COMROUFI-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

CAS Number 

VOLATILE ORGANICS 

e 

PAGE 1 OF 2 Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

Maximum 
Concentration Chemical 

Minimum 

(11 

Maximum 
Qualifier 

Minimum 
Qualifier Units 

Location of Maximum 
Concentration 

Detection 
Frequency 

Of 

~ondetects'" 

Concentration 

Scrwnlng,,l 
'Or 

Upgradient 
Sample 

Concentratlo 

n (4) 

Rlsk-Bamd 
COPC 

Screening 
~evel')) 

A',":$& ,'R",*G:C 
Source 

COPC 
Flag 

Rationab for 
Contaminant 
Debtion Or 

~alection") 



TABLE 6-16 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU B - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Scenario Timdrame: Future 
PAGE 2 OF 2 

Medium: Groundwater 
Expoaure Medium: Groundwater 
Exposure Point: Entire Site 

.EQm&s: 
1 Only the original of duplicate sample was used for COPC selection. The dupllcate was used for quality control purposes only. 
2 Values presented are sample-specific quantitation limlts. 
3 The maximum detected concentratlon is used for screenlng purposes. 
4 TO determine whether metal concentratlons were within backgmund levels, maximum groundwater concentrations were 

compared to concentrations In upgradlent groundwater sample 09GWTP0601. If the concenlratlon in the site groundwater 
concenlratlon was less than the upgradlent concentration, that metal was not selected as a COPC. 

5 The risk-based COPC screenlng level for tap water use Is presented. The value Is based on a 
laget Hazard Quotient of 0.1 tor noncarclnogens (denoted with a " N  flag) or an incremental cancer 
risk 01 1E-6 for carclnogens (denoted with a "C" flag) (US. EPA. Region 9. October 2002). 

6 The chemical is selected as a COPC if the maxlmum detected concentretion exceeds the risk-based 
COPC screening level andlor an ARAMBC(s). 

7 Secondary MCL, based on aesthetlc water quality (I.e., color, odor, taste, etc.). 

CAS Number 

Associated Samples: 
09GW0201 09GWT0101 
09GW0301 09GWT0201 
09GW0401 09GWT0301 
09GW0701 09GWT0401 
09GW1001 09GWT0501 
09GW1201 09GWTP0501 

PellnWnns: 
ARAMBC = Applicable or Relevant and Appropriate Requirementilo be censldered. 
C = Carelnogen. 
CAS =Chemical abstract services. 
COPC = Chemical of potential concem. 
J = Estlmated value. 
N = Noncarelnogen. 
NA = Not analyzed I not applicable. 
ND = Not detected. 
FED-AL = Federal actlon level (US. EPA, 2000). 
FED-MCL = Federal Maxlmum Contaminant Level (USEPA, 2000). 
IDEM = lndlam Department of Envimnmental Management, Rlsk Integrated System of 

Closure (RISC) resldentlal dosure levels for gmund water (IDEM, July 2001). 

Chemical 

For Selection as a COPC: 
ASL = Above COPC screenlng leveVARAR/ll3C. 

For Elimlnatlon as a COPC: 
BKG =Within backgmund levels. 
BSL = Below COPC screenlng IeveVARAMBC. 
NTX i No toxlcitf Information. 
NUT = Essential nutrient. . 

Minimum 
~oncsntrat ion ,,, 

Shaded cells indicate that the specified crlterlon or background level has been exceeded or that the chemical has been selected as a COPC 

Qualifier 

Maximum 
concentration , Qualifier Units 

Location of Maximum 
Concentration 

Detection 
Fnquency Range of 

~ondstects '~ '  

Concenvatlon 
Ured for 

Screeningpi 

Upgradient 
Sample 

Concentratio 
n (4) 

Ri&-Bawd 
COPC 

Scmn lng  
LCWI") 

zzrc 
value source 

COPC 
FI.9 

Rationale for 
Contaminant 
Deletion Or 

Sebctlonbi 



TABLE 6-17 

I I I I I I I I I I 
HERBICIDES 
94-75.7 2.4-0 0.18 pgiL 09SW0201 114 0.08 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE. INDIANA 

1.6 pg/L 114 1 09SW0501 

7440-38-2 ARSENIC 1 0.41 J 1.9 J pg/L 414 ... 09SW0501 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
Exposure Point: Entire Site 

I I I I I I I I I 
7440-39-3 BARIUM 37 3 72.5 pglL 09SWO501 414 ... 

PAGE 1 OF 2 

7440-48-4 COBALT 5.5 5.5 p@L 09SW0501 114 3 

7440-50-8 COPPER 12.4 12.4 pg/L 09SW0501 1 14 2 

7439-89-6 IRON 288 J 1830 J pS/L 09SW0501 414 ... 
I I I I I I I I I 

7439-92-1 LEAD 3.6 3.6 pg1L 09SW0501 114 1 

7439-95-4 MAGNESIUM 5960 J 15000 J pg/L 09SW0201 414 ... 

7439-96-5 MANGANESE 57 6 583 pgiL 09SW0201 414 ... 

7440-09-7 POTASSIUM 5310 J 5310 J pg/L 09SW0501 114 5000 

7440-23-5 SODIUM 12600 175000 pg1L 09SW0501 414 ... 

7440-62-2 VANADIUM 3.1 3.1 wglL 09SW0501 1 I4 2 

7440-66-6 ZINC 11.9 11.9 pglL 1 14 10 09SW0501 

I I I I I I I I I I 
FILTERED METALS 

- 
7439-89-6 

---- 
- m  145 J 1460 J pg/L 09SW0501-F 314 100 

7439-92-1 LEAD. FILTERED 2.3 2 3 pg/L 09SW0501-F 114 1 

7439.95-4 MAGNESIUM, FILTERED 6210 J 14100 J pglL 09SWO201-F 414 ... 

Rationale for 

~electlon"' 

I 
7.4 I ND 1 140 N I 1000(7) 1 FED-MCL I NO I BSL 

I I I NA I IDEM ( I 
2.3 ND 1 15 1 15 1 FED-AL I No I BSL 

1 I NA IDEM 
14100 1 17800 1 NA I NA I FED-MCL I No I -1 



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 

Scenario Timetame: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
Exposure Point: Entire Site 

PAGE 2 OF 2 

-- 

Minimum Maximum Detection Vperadienl Risk-Based Rationale for 

CAS Number Chemical ~omen l ra t ion  Concentration Used lor Sample 
um Frequency 

Range 01 
Concentration 

COPC E''; 2';; COPC contaminant 

10 Qualifier ,,) Value Source Flag Deletion or 

~electlon"' 

7440-09-7 POTASSIUM. FILTERED 5390 J 5390 J p@L 09SWO501-F 1 I4 5000 5390 ND N A NA FED-MCL NO BSL 
N A IDEM 

7440-23-5 SODIUM. FILTERED 12700 182000 pg/L 09SWO501-F 414 ... 182000 - NA NA FED-MCL No NUT 
N A IDEM 

7440-62-2 VANADIUM. FILTERED 3.8 3.8 pqL  09SWO5Ot-F 1 I4 2 3.8 ND 26 N NA FED-MCL No BSL 
N A IDEM 

7440-66-6 ZINC. FILTERED 10.2 pg/L 09SWO501-F 114 10.2 ND I I00 N 50GQ(7) FED-MCL No BSL 
11OGQ IDEM 

ppp 

MISCELLANEOUS PARAMETERS - 
- 

HARDNESS 70 180 p@L 09SW0501 414 ... 180 N A N A NA FEO-MCL No NTX 
N A IDEM 

TOTAL SUSPENDED SOLIDS I 0  pg/L 09SW0401 3 4  2 10 N A N A NA FED-MCL No NTX . 

Foolnoles: 

I Only the onginai 01 duplicate sample was used lor COPC seleclion. The duplicate was used tor quality conlroi purposes oniy. 
2 Values presenled are sample-speciflc quantitation limils. 

3 The maximum detecled concenlration is used tor screening purposes. 
4 TO delerm~ne whether metal concenlrations were wllhln background levels, maximum surface waler concenlralions were 

compared lo concentrallons in upgradient surface water sample 09SW0101. If the concenlration in Ihe site surface waler 
concenlration was less than the upgradient concentration, lhat metal was not selEcled as a COPC. 

5 The risk-based COPC screening level lor tap water use is presenled. The value is based on a 
targel Hazard Quotient of 0.1 lor noncarclnogens (denoted wilh a "N" Ilag) or an incremenlal cancer 
risk ol 1 E-6 lor carcinogens (denoted wilh a "C" Ilag) (US. EPA. Region 9. Oclober 2000) 

6 The chemical is selecled as a COPC if the maximum detecled concenlralion exceeds the risk-based 

COPC screening level andlor an ARAWBC(s). 
7 Secondary MCL, based on aesthetic water qualiiy (i.e.. color, odor, taste. elc.). 

Associaled Sarn~ies: 
09SWO201-F 
09SWO301-F 

09SWO401-F 
09SW0501 -F 

Delinltions: 

ARARITBC = Applicable or Relevanl and Appropriale RequiremenVlo be considered. 
C = Carc~nogen 
CAS =Chemical abslract services. 
COPC = Chemical of potential concern. 
J = Estimated value. 
N = Noncarcinogen. 
NA = No1 anaiyzed 1 not applicable. 
ND = No1 detecled. 
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 lnlegraled System of 

Closure (RISC) residential closure levels lor groundwater (IDEM. July 2001) 

Rationale Codeg: 

For Selection as a COPC: 
ASL = Above COPC screening IevevARARnBC. 

For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening IevelIARARlTBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

Shaded cells indicate lhat the specified criterion or background level has been exceeded or lhal the chemical has been selecled as a COPC 



TABLE 6-18 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE. CRANE, INDIANA 

IScenario Timeframe: CurrentlFuture I 

Footnotes: 
1 Only the original 01 duplicale sample was used for COPC selecllon. The duplicale was used lor qualily conlrol purposes 
2 Values presented are sample-specific quant~lation limits. 
3 The maximum delected concentralion IS used lor screening purposes. 
4 TO determine whether metal concentralions were w~thin background levels, maximum sediment concenlralions were 

compared lo concentrations in upgradtent sediment sample 09SD01. If the concentration in the sile sedimenl 
concenlralion was less than the upgradient concenlration, that melal was not selEcted as a COPC. 

5 The risk-based soil COPC screening level for residenlial land use is presented. The value is based on a 
targel Hazard Quolient ol 0.1 for noncarcinogens (denoted with a 'N' [lag) or an incremental cancer 
risk of 1E-6 lor carcinogens (denoled w~th a 'C' flag) (U.S. EPA. Reglon 9. November 2000). 

6 The chemical is selected as a COPC if the maximum detected concenlralion exceeds the risk-based 
COPC screening level andlor an ARAWBCis). 

7 Hexavalent chromium. 
8 OSWER soil screening level lor residential land use (US. EPA. July 1994). 

C AS 
Number 

Associated Sam~les 

only. 

Medium: Soil 
Exposure Medium: Sediment 
Exposure Point: Sediment 

Definitions: 
ARAWBC = Applicable or Relevant and Appropriate RequiremenVlo be considered. 
C = Carcinogen. 
CAS = Chemical abslract services. 
COPC =Chemical of polenllal concern. 
IDEM = lndlana Depanment of Environmenlal Management. Risk Inlegrated Syslem ol 

Closure (RISC) resident~al levels for direcl contact wilh soil (IDEM. July 2001). 
J = Eslimated value. 
N = Noncarcinogen. 
NA = No1 appiicablelnot ava~lable.. 
sat = Soil saturation concentration. 

Chemlcal 

VOLATILE ORGANICS 

Rationale Codes: 
For Selection as a COPC: 
ASL =Above COPC screening IeveVARAWBC 

For Eliminalion as a COPC: 
BKG = Wilhin background levels. 
BSL = Below COPC screening IevellARAWBC. 
NTX = No toxicity ~nformalion. 
NUT = Essential nulrienl 

METHYLENE CHLORIDE 

Shaded cells indicate lhat the specified crilerlon or background level has been exceeded or that Ihe chemlcal has been selecled as a COPC 

Minimum 
~oncentratlon 

(1) 

SEMIVOLATILE ORGANICS 
1206-44-0 JFLUORANTHENE I 0.01 I I 0.01 ] I mglkgl 09SD030W6 1 114 1 0.009 I 0.01 I NA 1 230 N 1 6300 1 IDEM [ No 1 BSL I 
PESTlClDEYPCBs 

(12672-29-6 - r - : 0.38 1 J 1 0.38 j J I mglkg] 09SD030006 1 114 1 0.043 - 0.045 1 0.38 1 NA c I 1 8  I IDEM 
INORGANICS 

MISCELLANEOUS PARAMETERS 

I  TOTAL ORGANIC CARBON 1 1600 1 1 14000 1 I mglkg ( 09SD040006 1 414 1 ... 1 14000 1 NA 1 NA I I NA I IDEM I No NTX I 

Location of ",i,"zle; ~u~~~~ units 
Maximum 

Concentration 

Detection 
Frequency 

(1) 

0.004 8.9 C 1 120 1 IDEM I No 1 7 1  
- 

0.004 0.004 
mglkg 09SD030006, I 09SD040006 ( z4 1 

concentration 
Range '' 

(2) 
on  (4) 

NA J 0.004 



TABLE 6-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 4 

Scenario 
Timeframe 

CurrenVFuture 

Medium 

Surface Soil(1) 

Ground Water 

Surface Water 

Exposure 
Medium 

Surface Soil 

Air 

Ground WaterIAir 

Surlace Water 

Air 

Exposure Point 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 
Surficial Aqu~fer 

On-site Streams. Ponded 
Water and Draingeways 

On-site Streams. Ponded 
Water and Draingeways 

Receptor Population 

Maintenance Workers 

Trespassers 

Maintenance Workers 
and Trespassers 

Maintenance Workers 
and Trespassers 

Maintenance Workers 

Trespassers 

Maintenance Workers 
and Trespassers 

Off-Site 
On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

Age 
Adult 

Adolescenl 

Adult 

Adult and 
Adolescent 
Adult and 

Adolescent 

Adult 

Adolescent 

Adult 

Adult and 
Adolescent 

Route 
Ingestion 

Dermal 

lngestion 

Dermal 

lngestion 

Dermal 

Inhalation 

lngestion 

Dermal 

lnhalation 

lngestion 

Dermal 

lngestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Analysis 
Type Of 

Ouant(2) 

Ouant 

Ouant 

Ouant 

None 

None 

OuaI(3) 

None 

None 

None 

None 

None 

Quant 

Ouant 

None 

None 

None 

Retlonele for Selection or Exclusion of Exposure Pathway 

NSWC Crane is an actlve 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 slte 
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 no1 limited by any physical constraints. 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receplor will be inlerred using the calculated risks for the adolescent 
trespasser. 
Potentla1 risks are assumed to be similar to adolescent trespassers. Risks lor 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 
Exposure is evaluated qualitatively by a comparison ol  site data to U.S. EPA 
generic SSLs(4) for transfers from soil to air. 
Dlrect contact wlth groundwater does not occur under current lend 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 emected to be used as a domestic water supply. 

Direct contact with groundwater does not occur under current lend use. 
Shallow groundwater is not expected to be used as a domestic water supply. 

Minimal exposure IS anticipated (i.8.. so low that it is not worth quantilying). 

Minimal emosure is anticipated (i.e.. so low that it is not worth quantifying). 

Although access to the base is controlled, once inside the base, access lo 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 lor 
this receptor will be inferred using the calculated risks for the adolescent 
trespasser. 
Potential risks ere assumed to be similar to adolescent trespassers. Risks lor 
this receptor will be inlerred using the calculated risks for the adolescent 
trespasser. 
Minimal exposure to vapors emitted from surface water is anticipated (i.8.. so 
low that it is not worth quantifying). 



TABLE 6-1 9 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 4 

Exposure Point 

On-site Streams. Ponded 
Water and Draingeways 

Vapors and Particulates in 
Air - Entire Site 

Entlre Site 

Vapors and Particulates in 
Air - Entire Site 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 

Surficial Aquifer 

Scenario 
Timeframe 

CurrentIFuture 

Future 

Analysis Type Of 

None 

None 

Quant 

Quant 

None 

None 

None 

Quant 

Quant 
Qual 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Qual 

None 

Quant 

None 

None 

Medium 

Sediment 

Surface1 
Subsurface So11 

(5) 

Surface Soil 

Ground Water 

Receptor Population 

Maintenance Workers 

Trespasser 

Maintenance Workers 
and Trespassers 

ExcavationlConstruction 
Workers 

ExcavationlConstruction 
Workers 

Occupational Workers 

Recreational Users 

Residents 

Occupational Workers. 
Recreat~onal Users, and 

Res~dents 
Excavation/Construction 

Workers 

Occupational Workers 

Rationale for Selection or Exclusion of Exposure Pathway 

Minimal exposure is anticipated (i.0.. so low that it is not worth quantifying). 

Minimal exposure is anticipated (i.0.. so low that it is not worth quantifying). 

Although access to the base is controlled, once inside the base, access 10 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 ~nferred using the calculated risks for the adolescent 
trespasser. 
Potential risks are assumed to be similar to adolescent trespassers. Risks for 
this receptor will be inlerred using the calculated risks for the adolescent 
trespasser. 
Minimal exposure is anticipated (i.0.. so low that it is not worth quantifying). 

Excavationlconstruction activities may occur at the stte in the future. 

Excavation/construction activities may occur at the site in the future. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs for transfers lrom 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 lor 
industrial purposes. 
This scenario is evaluated on the assumption lhat 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 slate park in the luture. 
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. 
Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs lor translers from soil to air. 

Minimal exposure is anticipated (i.0.. so low that it IS not worth quantifying). 

Excavation1construction 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 Qroundwater is not expected to occur for luture workers. 

Route 
Ingestion 

Dermal 

lngestion 

Dermal 

lngestion 

Dermal 

lnhalation 

Ingestion 

Dermal 
lnhalation 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

lnhalation 

lngestion 

Dermal 

lngestion 

Dermal 

Exposure 
Medium 
Sediment 

Air 

Surface1 
Subsurface Soil 

Air 

Surface Soil 

Air 

Ground Water 

Adult 

Adolescent 

Adult 

Adult and 
Adolescent 

Adult 

Adult 

Adult 

Adult 

Child and 
Adult 

Child and 
Adult 

Adult 

Adult 

Off-Site 
On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 
On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-s~te 

On-site 

On-site 



Scenario 
Timeframe 

Future 

Medium 

Surface Water 

Sediment 

Exposure 
Medium 

Ground Water 

Air 

Surface Water 

Air 

Sedlment 

Air 

Exposure Point 

Vapors 

On-site Streams. Pondec 
Water and Draingeways 

On-site Streams, Pondec 
Water and Draingeways 

On-site Streams. Pondec 
Water and Draingeways 

On-s~te Streams. Pondec 
Water and Draingeways 

TABLE 6-19 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 4 

recreational users. 1 Dermal I On-site I None I D~rect contact with groundwater is not expected to occur for future 

Popul~ion 

Irecreational users. 
Residents I Child and I lnoestion I On-site I Quant l~ l thouah it is unlikelv that shallow around water at the site would be used as 

Adult a domestic water supply, this scenarlo is ~ncluded to aid in future risk 
management decisions. 

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 luture risk 

Recreational Users I Adult I lngestion I On-slte I None l ~ i r e c t  contact with groundwater is not expected to occur lor future 

Receptor 
Age 

Occupational Workers I I I I I I 

Exposure 
Route 

I 

ixcavation/Construction 
and Occupational 

Workers 

On-Sitel 
Off-Site 

ixcavation/Construction/~ Adult I lnhalation I On-site I None I ~ i n i m a l  exposure is antlcipated (i.0.. so low that it is not worth quantifying). 
I 

and Recreational Users I I 

Recreational Users 

. .  . 
management decisions. 

I 

Residents 

Type of 
Analysis 

Residents I Child and I lnhalatlon I On-site I Quant l~ l thouah 11 is unlikelvthat shallow aroundwater at the slte would be used as a 

xcavation/Constuction/C 
ccupational Workers. 

qecreational Users, and 
Residents 

ixcavation/Construction 
and Occupational 

Workers 

Rationale for Selection or Exclusion of Exposure Pathway 

Adult 

Adult lngestion + 
I Dermal 

Child and lngestion 
Adult 

Dermal -r 
Child and I lnhalation 

Adult 

I Dermal 

On-site I None IMinimal exposure is anticipated ( i i e  so low that it is not a n h  quantifying). I On-site 

and be turned into a state park in the future. 

luture risk management decisions. 

None 

domestlc water supply, this scenario is included to aid in tuture risk 
management decisions. 
Minimal exposure is anticipated (i.e.. so low that it is not worth quantilying). 

On-site 

On-site I None I ~ i n i m a l  exposure is anticipated (i.e.. so low that it is not worth quantllying). 

I I 

None 
luture risk management decisions. 
Minimal exposure to vapors emitted from surface water is anticipated (i.e.. sa 
low that it is not worth quantifying). 

Minimal exposure is anticipated (i.e.. so lowthat it is not worth quantifying). On-site 

Recreational Users 

I I I lfuture risk management decisions. 
xcavation/Constuction/~ Child and I lnhalation I On-s~te I None l ~ i n i m a l  exposure to vapors emitted from surface water is anticipated (i.e.. so 

None 

Residents 

ccupational Workers. Adult 
qecreational Users, and 

Ranidanfn I I 

Adult 

I low that it is not worth quantifying). I 

Adult and 
Child 

lngestion 

Dermal 

Ingestion 

Dermal 

On-slte 

On-site 

On-site 

On-site 

Quant 

Quant 

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 

Quant 

Quant 

and be turned into a state park in the luture 
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 
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SELECTION OF EXPOSURE PATHWAYS 
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Footnotes: 
1 Surface soil is defined as soil collected lrom 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 lrom 0 to 10 feet bgs: no exposure to so11 at depths below I 0  feet bgs is anticipated 

Scenario Exposure I Timeframe I Medium I Medium 
Rationale for Seleclion or Exclusion of Exposure Palhway 

On-Silel Type of 
Off-Sile Analysis 

Receptor Populalion Receplor 
Age 

Exposure 
Roule 
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EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

1 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 (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 exceeded the maximum. 
4 NA - Not applicable. Chemical is not a chemical of potential concern for this medium. 

Chemical of Potential Concern 

1,l-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 
TRICHLOROETHENE 

2-METHYLNAPHTHALENE 

Exposure Point Concentration 

surface soil(') 

(""sncg) 
NA'~' 
NA 

0.0053 

NA 

NA 

1.02 

0.1 5(3' 

Surface1 
Subsurface Soil (,, 

(msncg) 
N A 

N A 

0.0038 

0.0018 
0.0025 

0.038 

0.025 

Surface water(') 

(mg/L) 
N A 

NA 

NA 

N A 

N A 

N A 

NA 

sediment(') 

~msncs) 
N A 

N A 

N A 
N A 

N A 

NA 

N A 

 roundw water"' 

OWL) 
0.0058 

0.1 3'3' 
0.0086 

N A 

0.037 

N A 

NA 
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CUMULATIVE RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE 
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Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

N A 

6.OE-01 

N A 

N A 

N A 

1.5E-01 

2.8E-03 

N A 

N A 

N A 

N A 

7.5E-01 

Maintenance 
Worker 

N A 

N A 

N A 

2.6E-04 

1.5E-06 

N A 

N A 

N A 

N A 

N A 

N A 

2.6E-04 

Occupational 
Worker 

N A 

N A 

N A 

2.7E-03 

1.5E-05 

N A 

N A 

N A 

N A 

N A 

N A 

2.7E-03 

Adult 
Recreational User 

N A 

N A 

N A 

5.7E-04 

2.OE-06 

N A 

N A 

1.6E-03 

2.OE-03 

1.6E-02 

1.1 E-02 

3.2E-02 

Adolescent 
Trespasser 

N A 

N A 

N A 

4.6E-04 

3.OE-06 

N A 

N A 

2.7E-04 

6.8E-04 

1.3E-02 

7.7E-04 

1.6E-02 

Future Adult 
Resident 

1.2E+01 

1.3E+00 

1 .OE-01 

3.8E-03 

1.3E-05 

N A 

N A 

1.1 E-02 

1.3E-02 

1.1 E-01 

3.4E-03 

1.4E+01 

Future Child 
Resident 

4.2E+-01 

3.8E+00 

4.7E-01 

3.6E-02 

6.1 E-05 

N A 

N A 

1 .OE-02 

1.4E-02 

1 .OE+00 

1.6E-02 

4.7E+01 
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NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

Future Adult 
Resident 
7.9E-05 

7.1 E-06 

3.4E-06 

5.OE-07 

2.6E-07 

N A 

N A 

N A 

N A 

4.7E-06 

7.3E-07 

9.5E-05 

INCREMENTAL CANCER RISK 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
SurfacelSubsurface Soil 
Dermal Contact with 
SurfacelSubsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

Adult 
Recreational User 

N A 

N A 

N A 

9.2E-08 

4.9E-08 

N A 

N A 

N A 

N A 

8.6E-07 

3.OE-06 

4.OE-06 

Future Child 
Resident 
6.9E-05 

4.1 E-06 

4.OE-06 

1.2E-06 

3.OE-07 

N A 

N A 

N A 

N A 

1.1E-05 

8.3E-07 

9.OE-05 

Adolescent 
Trespasser 

N A 

N A 

N A 

2.8E-08 

2.7E-08 

N A 

N A 

N A 

N A 

2.6E-07 

7.6E-08 

3.9E-07 

Construction 
Worker 

N A 

8.4E-08 

N A 

N A 

N A 

1.1 E-08 

5.1 E-09 

N A 

N A 

N A 

N A 

1 .OE-07 

Maintenance 
Worker 
' NA 

N A 

N A 

3.6E-08 

3.OE-08 

N A 

N A 

N A 

N A 

N A 

N A 

6.6E-08 

Occupational 
Worker 

N A 

N A 

N A 

3.7E-07 

3.2E-07 

N A 

N A 

N A 

N A 

N A 

N A 

6.9E-07 
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CUMULATIVE RISK SUMMARY - CENTRAL TENDENCY EXPOSURE 
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Future Child 
Resident 

1.9E+01 

1.3E+00 

1.7E-01 

1.2E-02 

7.1 E-06 

N A 

N A 

3.4E-03 

4.OE-03 

3.4E-01 

1.8E-03 

2.OE+01 

Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Adolescent 
Trespasser 

N A 

N A 

1.2E-04 

2.4E-07 

N A 

N A 

6.6E-05 

1.4E-04 

3.3E-03 

6.3E-05 

3.7E-03 

Future Adult 
Resident 

8.4E+00 

5.8E-01 

3.7E-02 

1.9E-03 

1.6E-06 

N A 

N A 

3.7E-03 

4.4E-03 

3.7E-02 

2.8E-04 

9.1 E+OO 

Adult 
Recreational User 

N A 

N A 

N A 

1.4E-04 

1.2E-07 

N A 

N A 

4.1 E-04 

4.9E-04 

4.1 E-03 

1.1E-03 

6.3E-03 

Construction 
Worker 

N A 

3.9E-01 

N A 

N A 

N A 

7.6E-02 

8.OE-04 

N A 

N A 

N A 

N A 

4.7E-01 

Maintenance 
Worker 

N A 

N A 

N A 

6.5E-05 

7.4E-08 

N A 

N A 

N A 

N A 

N A 

N A 

6.6E-05 

Occupational 
Worker 

N A 

N A 

N A 

1.2E-03 

1.3E-06 

N A 

N A 

N A 

N A 

N A 

N A 

1.2E-03 
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SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

INCREMENTAL CANCER RISK 
I enance I Occupational I Adult I Adolescent I Future Adult I Future Child I 

lncidental lngestion of Surface 
lanil I 
Dermal Contact with Surface I 

~rker  Worker 
N A 

N A 

N A 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical-specific risks presented in Appendix G-3. 

Recreational User 
N A 

N A 

N A 

N A 

6.OE-08 

N A 

lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

N A 

N A 

N A 

5.3E-09 

1.5E-09 

N A 

N A 

Trespasser 
N A 

N A 

N A 

N A 

N A 

6.7E-08 

N A 

N A 

N A 

N A 

Resident 
1.6E-05 

1.3E-06 

3.7E-07 

N A 

N A 

3.7E-09 

Resident 
1 .OE-05 

7.5E-07 

4.9E-07 

N A 

N A 

N A 

N A 

N A 

N A 

6.8E-08 

N A 

N A 

6.5E-08 

9.OE-08 

1.6E-07 

N A 

N A 

6.4E-08 

6.1 E-09 

8.OE-08 

N A 

N A 

N A 

N A 

4.5E-07 

1.7E-08 

1 .BE-05 

1.2E-06 

3.2E-08 

1.3E-05 
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Chemical of concern"' 

GROUND WATER 

1 .l -Dichloroethene 

cis-1,2-Dichloroethene 

Trichloroethene 

Dieldrin 

I 
Arsenic 

Iron 

Manganese 

Nickel 

Impact on Human Receptors 

Residential ILCR = 7.5E-5 

Adult resident HQ = 0.49, 
Child resident HQ = 1.8 

Adult resident HQ = 0.2, 
Child resident HQ = 0.66, 
Residential ILCR = 9.4E-6 

Residential ILCR = 6.3E-6 

Adult resident HQ = 0.26, 
Child resident HQ = 0.89, 
Residential ILCR = 7.4E-5 

Adult resident HQ = 1.7, 
Child resident HQ = 6.0 

Adult resident HQ = 10, 
Child resident HQ = 35 

Adult resident HQ = 0.36, 
Child resident HQ = 1.3 

Comments 

Risks from volatile chlorinated organics were based on the hypothetical future 
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,l-DCE was 
detected in only one sample and the concentration was less than U.S. EPA and 
IDEM MCLs. 

Dieldrin was detected in 1 of 12 unfiltered ground water samples with the maximum 
concentration (0.03 uglL) less than the IDEM default closure level for ground water 
(0.053 uglL). Risks calculated for dieldrin are based on the hypothetical future 
residential use of ground water. 

Risks for arsenic are based on the hypothetical future residential use of ground 
water. The maximum concentration in ground water (4.6 uglL) is less than the 
current (50 uglL) and recently proposed (10 ugR) MCLs. In addition, the 
concentrations of arsenic in ground water samples are similar to the concentrations 
in the upgradient well. 
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 
recommended daily allowances. 
Risks for manganese are based on the hypothetical future residential use of ground 
water and assume exposure to the maximum detected concentration. 
Risks for nickel are based on the hypothetical future residential use of ground 
water. Only the risk for the future child resident slightly exceeds unity. All nickel 
concentrations in ground water are less than the IDEM closure level for Class I 
ground water. 
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HQ Hazard Quotient. 
ILCR Incremental lifetime cancer risk 
' Any carcinogenic chemical with a ILCR of greater than 1 .OE-6 or a noncarcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1 .O. 

Chemical of ~oncern"' 

SEDIMENT 

Arsenic 

l ron 

Manganese 

Impact on Human Receptors 

Recreational User ILCR = 3.OE-6, 
Child resdient HQ = 0.26, 
Residential ILCR = 1.5E-5 

Child resident HQ = 0.41 

Child resident HQ = 0.24 

Comments 

Risks (>1 .OE-6) for arsenic in sediment are based on future land use scenarios. 
Although the maximum concentration (6.1 mglkg) exceeded the concentration in 
the upgradient sample, the concentrations of arsenic in sediment are within 
naturally occurring levels in soil at the Base. Risks calculated for residnetial 
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 
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 
residential land use and conservative exposure assumptions but do not pose a risk 
under current land use. 
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Volatiles (mglkg) 
~METHYLENE CHLORIDE 1 511 1 1 0.004 J I 0.006 J )09SB080102,09SB090102 1 0.0032 1 4.1 ( 0.001 1 NO I BSL 1 

MAGNESIUM 11111 731J 32500J 09% 1 10002 5569 1 YES NA N A No I NT 
MANGANESE 1111 1 135 J 1060 J 09SB040002 577 1 NO N A N A No 1 BKG 

MERCURY 511 1 0.04 0.06 09SB040002,09SB090002 0.04 1 NO 0.073 0.82 No 1 BSL. BKG 

Ecological 
Effects 

Quotient (" 

COPC 
~l~~ (I) 

Rationale lor 
Contaminant 
Deletion or 
 election'^' 

Surface Soil 
COPC 

Screening Level 
(3) 

Average Of 

AII Results Chemical 
Site Above 

Background 
Concentration? 

Frequency 
01 Detection 

(1) 

Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1x21 
Concentration 
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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 As presented in Table 3-14. 
4 Reler to Section 3.4 lor ecological effects quotient calculation. 

Chemical 

Miscellaneous Parameters 

Definitions: 
COPC = Chemical of potential concern. 

CATION EXCHANGE CAPACITY (MEQI100 g) 

AL ORGANIC CARBON (mglkg) 

5 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. 

3 3  
313 
313 

NA = Not available 

8.4 J 
6.9 J 

5700 

11 J 
8 J 

8500 

09SB040002 
09SB070002 

040002 

9.7 
7.4 

6867 

.-- 
--- 

N A 
N A 
N A 

NA 
NA 
N A 

No 
No 
No 

NT 
NT 
NT 



TABLE 6-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 9 -PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

0 3 8 J  1 0.38J 09SD030006 0.053 U 1 0.034 - ASL I 

Miscellaneous Parameters (mglkg) 
 TOTAL ORGANIC CARBON 1 414 1 1600 1 14000 I 09SD040006 1 7175 1 38000 NA I .NA I NO I NT 

Chemical 

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). 

Volatiles (mglkg) 
IMETHYLENE CHLORIDE 1 214 1 0.004 J I 0.004 J I 09SD030006,09SD040006 1 0.003 1 0.008 J 1.3 1 0.003 1 No I BSL 1 
Semi-Volatiles (mglkg) 

~FLUORANTHENE 1 114 1 0.01 1 0.01 09SD030006 1 0.006 1 0.013 I 0.111 1 0.090 1 No I BSL 1 

Frequency 
of 

Dectection 
(1) 

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 09SD010006 
4 As presented in Table 3-14. 
5 Refer to Section 3.4 for ecological effects quotient calculation. ' 

Definitions: 
COPC = Chemical of potential concern 
NA = Not available. 

Average of 
All Results 

Maximum 

(1x2) 

6 Rationale Codes: 
For Selection as a C0PC:- 

ASL = Above COPC screening level. 
NTX = No toxicity information available 

Rationale for 
Contaminant 
Deletion or 
 election'^' 

Upgradient Sample 
  on cent ration'^' 

Location of Maximum 
Concentration 

For Elimination as &COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level 
NT = Nontoxic. 

Associated Samples 
09SD010006 
09SD020006 
09SD030006 
09SD040006 
09SD050006 

Sediment 
COPC 

Screening 
Level (4)  

Effects 
Quotient 

COPC 

Flag (6) 
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ECOLOGICAL RISK SCREENING - SURFACE WATER 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE, CRANE, INDIANA 

Shaded name indicates that constituent was selected as a COPC. Shaded values indicate that the site concentration(s) exceeds this parlicular 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 09SW0101 
4 As presented in Table 3-1 5. 
5 Refer to Section 3.4 for ecological effects quotient calculation. 

6 Rationale Codes: 
For Selection as a COPC: 

ASL = Above COPC screening level. 
NTX = No toxicity information available 

Definitions: 
COPC = Chemical of potential concern. 
NA = Not available. 

For Elimination as a COPC: 
BKG = Below site background level. 
BSL = Below COPC screening level. 
NT = Nontoxic. 
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CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 9 - PESTICIDE CONTROLIR-150 TANK AREA 

NSWC CRANE 
CRANE, INDIANA 

PCBs 
r~roclor-1248 I I X I I 

Parameters 

Pesticides 
1 Methoxvchlor I I I X I 

Media 
Surface Water 1 Sediment I Surface Soil 

Herbicides 
12,4-D I X I I I 

COPCs retained in surface water and sediment were used to evaluate 
potential risk to piscivorous receptors. 

lnorganics 

COPCs retained in surface soil were used to evaluate potential risk to 
terrestrial wildlife. 

X 
X 
X 

Arsenic 
Copper 
Lead 
Zinc 

X 
X 

X 
X 
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STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWC CRANE 

CRANE, INDIANA 

Frequency 
of 

Detection 

111 1 

Maximum 
Detected 

Concentration 

(mglkg) 

Screening 
Level 

(mglkg) 

0.15 

Number of Step 3a 
Samples > Alternate Benchmarks 

Screening Eco-SSL Canadian I ORNL ~enchmarks(~)  
I 

Evaluation 1 Risk I Maximum 

EEQ") 
Chemical of Potential 

Concern (COPC) 
Determination Retained I (Acceptable, I as a I - 

~ e v e l ( ~ )  Plant Earthworm SQG(~) Plant Earthworm Other Step 3a Factors Considered in  valuation(^) I Unacceptable) I COPC? I 
Semi-Volatiles 
Di-N-Butyl Phthalate -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; contamination 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 earthworms or plants at this location. 
-Only maximum concentration is greater than SQG; 
maximum does not exceed study LOEC of 3 mcjkg. 
-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. 

Acceptable 

Acceptable Naphthalene 

Pesticides 
Methoxychlor -Only detected in one sample at site; contamination is not Acceptable 

widespread across SWMU 9; contamination limited to small 
area. 
-Location of maximum detection is mowed grass and not 
high quality ecological habitat. 

Inorganics 
Antimony -Maximum concentration less than alternate benchmarks I Acceptable 1 No I 

Copper 
for plants and invertebrates. 
-Maximum concentration less than Canadian SQG. 
-Concentrations (7.6 to 20.1 mgkg) are similar to 
background soil data range (5.4 to  17.1 mglkg). I 
-Maximum concentration less than Eco-SSLs. 1 Acce~table I No Lead 

Acceptable 

I -Concentrations (8.6 to 34.9 mc jk~ )  are similar to I I 

No 

backaround soil data ranae (9.4 ti21.5 malka). I I I 
Zinc -Maximum concentration less than Canadian SQG. I Acceptable I No I 

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 SQG. 
4 See Section 6.7.6.1 .I for a more detailed Step 3a evaluation. 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
SQG = Soil Quality Guideline 
Eco-SSL = US EPA Ecological Soil Screening Level 
ORNL = Oak Ridge National Laboratory 
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TABLE 6-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT COPCs 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWC CRANE 

CRANE, INDIANA 

lnorganics 
I NA . I N A I N A I N A Aluminum I 414 1 10,800 

Antimony I 1 14 I 1.3 I N A N A N A N A 
Arsenic 414 6.1 5.9 1.03 1 9.79 

N A N A N A N A Barium 1 414 1 103 1 

Maximum 

EEQ(') 

Region 
EDQLs 

(mglkg) 

Step 3a Evaluation 

-Maximum concentration exceeds TEC but is less 
than the PEC (0.676 mglkg). 
-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. 

Risk 
Determination 
(Acceptable/ 

Unacceptable) 

Number of 
Samples s 
Screening 

~ e v e l ( ~ )  

Maximum 
Detected 

Concentration 

(mglkg) 

Chemical of 
Potential 

Concern (COPC) 

-Maximum concentration is less than the TEL. 

Retained 
as a 

COPC? 

Frequency 
Of 

Detection 
Other Step 3a Factors Considered in    valuation(^) 

Alternate Benchmarks 

-Maximum concentration is less than the ER-L. 
-Maximum concentration is less than the TEC. 
-Maximum concentration is greater than the AET; however 

AET 
Consensus- 
based TEC 

upgradient sediment concentration is also greater than AET 
-Marginal (if any) aquatic habitat at location of maximum detection. 
-Site sediment concentrations (39.3 to 103 mglkg) are within the 
soil background range (24.8 to 155 mglkg). 
-Maximum concentration is less than the TEC. 
-Maximum concentration is less than the LEL. 
-Two greatest detections exceed the LEL and SEL (1 ,I 00 mglkg); 

TEL 

other two detections are less than the LEL. 
-Site sediment concentrations (86.8 to 1,300 mglkg) are within the 
soil background range (23.2 to 3,040 mglkg). 
-Marginal (if any) aquatic habitat at location of maximum detection. 
-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 mglkg). 
-Site sediment concentrations (1 2.2 to 21.2 mglkg) are within the 
soil background range (14.1 to 48.5 mglkg). 

Acceptable 

ER-L 

Acceptable I 

Canadian 
LEL 

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 6.7.6.1.2 for a more detailed Step 3a evaluation 

EEQ - Ecological Effects Quotient 
NA - Not available 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 
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TABLE 6-30 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS 
SURFACE WATER COPCs 

SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
NSWC CRANE 

CRANE, INDIANA 

Chemical of 
Potential Concern 

(COPC) 

Frequency 
of 

Detection 

Maximum 
Detected 

Concentration 

(ugR) 

Screening 
Level 
(ug/L) 

Number of 
Maximum Samples > 

EEQ(') Screening 
 eve^'^) 

AWQC 

Chronic 

Step 3a Evaluation 

Other Ster, 3a Factors Considered in  valuation(^) ESL A uatic 2 
Herbicides 
2.4-D 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

-Maximum concentration is less than new ESL. I Acce~table I No 

Retained 
as a 

COPC? 

Filtered lnorganics 
Cobalt -Maximum concentration is less than new ESL. I Acce~table 1 No 
Copper 
Iron 

-Maximum concentration is less than AWQC. 
-Only maximum concentration is greater than AWQC 

Lead 
Manganese 

-Poor aquatic habitat at location of maximum concentration. 
-Maximum concentration is less than AWQC. 
-Maximum concentration is greater than the ORNL aquatic 
value but is less than the tolerance value range (1.5 to 1,000 
mglkg) reported in the Gold Book. 
-Poor aquatic habitat at location of maximum concentration. 

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. 
4 - Calculated using hardness concentration of 180 mg/L in sample 09SW0501 -F. 

Acceptable 
Acceptable 

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 

No 
No 

Acceptable 
Acceptable 

DECEMBER 2004 
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TABLE 6-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

INSECTIVOROUS/HERBIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

- - - - - - - - - - 
l~ethox-chlor 1 6.8E-06 1 3.4E-06 1 2.2E-04 1 1.1E-04 ( I I 
lnoraanics 

Parameter 

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 - Lowest Observed Adverse Effects Concentration 

Pesticides 

Meadow 
Vole 

EEQNOAEL 

Meadow 
Vole 

EEQLOAEL 

Short-Tailed 
Shrew 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

American 
Robin 

EEQNOAEL 

American 
Robin 

EEQLOAEL 

N. Bobwhite 
Quail 

EEQNOAEL 

N. Bobwhite 
Quail 

EEQLOAEL 



TABLE 6-32 

TERRESTRIAL WILDLIFE MODEL - AVERAGE EEQS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

INSECTIVOROUS/HERBIVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

lnorganics 
Lead 3.OE-01 
Zinc 2.9E-01 

Parameter 

Notes: 
- 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 Level 

Rev. 9/5/03 

American 
Robin 

EEQNOAEL 

American 
Robin 

EEQLOAEL 



TABLE 6-33 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-MAXIMUM CONCENTRATIONS 
SWMU 9 - PESTICIDE CONTROIJR-150 TANK AREA 

PlSClVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Herbicides 
1 2 , ~ ~  I 

Parameter 

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 inp~ 

parameters, and were detected above background concentrations 
EEQ - Ecological Efects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

PCBs 

Raccoon 
NOAEL 

Raccoon 
LOAEL 

Belted Kingfisher 
NOAEL 

Belted Kingfisher 
LOAEL 



TABLE 6-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

PlSClVOROUS RECEPTORS 
NSWC CRANE, INDIANA 

Inorganics 
ARSENIC 1.4E-02 
COPPER 
LEAD 

Parameter 

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 taMe 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 

Pesticides 
(AROCLOR-1248 1 - 1  : o : em . 8 0  2.6E-01 
Herbicides 

12,4-D 1 1.2E-04 I 2.4E-05 I 

Raccoon 
NOAEL 

Belted Kingfisher 
NOAEL 

Raccoon 
LOAEL 

Belted Kingfisher 
LOAEL 



TABLE 6-35 

Chemical of Potential 
Concern (COPC) 

Frequency 
of 

~etection") 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 

NSWC CRANE 
CRANE, INDIANA 

Detected 
Concentration 

(mglkg)(') 

Piscivorous Wildlife 

lnsectivorouslHerbivorous Wildlife 

Arsenic 

EEQs Using Average 
Average Exposure Values 

concentration nl NOAEL LOAEL 
(msncg,"' Basis of Wildlife 

Saecies Soecies Toxicitv Reference Value 

Copper 

Lead 

Other Steo 3a Factors Considered in 

N A 
N A 

-LOAEL EEQ was less than 1.0 after refinement. 
-LOAEL EEQ was less than 1.0 after refinement. 

None 
28 

N A 
N A 

Robin 
Robin 

Raccoon 7 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

0.01 2 
12 

18.9 
51.8 

Acceptable 
Acceptable 
Acceptable 
Acceptable 

0.025 
20.1 
34.9 
120 

Methoxychlor 
Copper 
Lead 
Zinc 

Raccoon 7 

Retained as 
a COPC? 

None 
None 
None 
None 

None 
None 
3.0 
2.7 

No 
No 
No 
No 

111 1 
11/11 
1111 1 
11/11 

Raccoon 7 

N A 
N A 
N A 
N A 

Footnotes: 
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-D was detected in surface water only. 

NA 
N A 

Reproduction not impaired at 10 mg/kg (NOAEL). 
Egg hatchability ~20% of controls (LOAEL). 

1 NA 
I Raccoon 

I 
1 Raccoon 

Raccoon 

N A 

Acceptable 
Acceptable 

Acceptable 

I 

Acceptable 1 No 1 

- - 

N A 
Pregnancy and live birth rates were reduced by 2.5 
mglkg in rhesus monkey; TRVs adjusted for raccoon 

body weight difference. 
Declining litter sizes over multiple mice generations 
(LOAEL); TRVs adjusted for raccoon body weight 

difference. 
Kit survivorship in mink was not affected at 25 mglkg 

(NOAEL); TRVs adjusted for raccoon body weight 
difference. 

Number of pregnancies, live births, and other 
reproductive indices in rats were not affected at 100 

mglkg; TRVs adjusted for raccoon body weight difference. 

EEQ - Ecological Effects Quotient 
NA - Not available or not applicable 
NOAEL = No Observed Adverse Effect Level 
LOAEL = Lowest Observed Adverse Effect Level 

- - 

N A 
-Poor aquatic habitat; very unlikely that raccoons 
will obtain significant amount of food from SWMU 9 
because the home range of the raccoon is large 
(greater than 250 acres). 
-Detected concentrations (of arsenic) are within 
background data set; only copper and lead were greater 
than the background concentrations. 
-The LOAEL EEQ is only slightly greater than 1.0 
for copper and less than 1.0 for lead after the 
refinement. 
-There are no sediment to fish BASFs, so a BAF of 1.0 was 
used. A BAF of 1.0 is conservative because it assumes 
tissue concentrations are equal to sediment 
concentrations. 
-Body weight scaling may be overly conservative. 
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FIGURE 6-1 5 

ECOLOGICAL CONCEPTUAL SITE MODEL 
SWMU 9 - PESTICIDE CONTROUR-150 TANK AREA 
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7.0 SWMU 10 

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 background 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. 

SITE INVESTIGATION 

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

the potential 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 collected for these samples. Soil 

samples collected at the site were screened for VOCs using monitoring equipment (PID) and visually 

observed for signs of staining or saturation. 

All 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 TOC to assist in assessing the potential risks for ecological receptors. Additionally, soil 

characteristic parameters (CEC, pH, and TOC) 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 ground 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 previously, 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 

(10SBO1 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. 

aar 
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, 

10C41, 10C41 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 

I 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 bearirlg units." 

Two cohorts (10C31 and 10C31P3) 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, inorganics, 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, 10-1 7, 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 hR 

10C35P2 to evaluate the ground water migration northwest of Rockeye. Two cohorts (10C37 and 
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10C37P3) of one well cluster were sampled to assess ground water migration west of the site. One 

monitoring well, 10-1 6, 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-central area of the 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 drainageways that lead to various tributaries 

and/or creeks. Samples from six stations (1 0SW/SD01 , 10SW/SD02, 10SW/SD03, 1 OSW/SD04, 

10SW/SD05, 10SW/SD06) were used to evaluate contributions of affected runoff from the northern 

and eastern drainageways, which lead to a tributary of Sulphur Creek. 10SW/SD08 assessed 

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 the collection of samples at two stations 

(10SW/SDO9 and IOSW/SDlO). Contributions from the southern side of the facility to Turkey Creek 

was determined by collecting samples at two stations (1 OSW/SDI 1 and 1 OSW/SDI 2) near 

drainageways. Samples from 10SW/SD07 were used to evaluate contributions of pink water 

discharge that pooled. 

Section 2 contains details on field sampling procedures. 

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 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 for 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 located 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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Rockeye is located on a topographic ridge with ground surface elevations at approximately 81 5 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 run 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. 

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 Facility Investigation, Phase Ill 

Ground Water Release Characterization, SWMU 10115 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 beneath 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 Table 2-4) were installed above a 

continuous shale (defined as the basal shale) that was encountered 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 
n 

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 surrounding 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 A.4.2). The fill consists predominantly of silty clay. The fill directly overlies the natural 

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 ground 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 Creek, 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 lsopach maps and 

Appendix A.4.2 for additional cross sections), and are labeled in order from the deepest "An and, therefore 

oldest; to the shallowest "C" and youngest. These sandstones were identified as potentially excellent 

aquifer material. Sandstone "An 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 

"C" 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 of 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 4 ,  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 the SWMU 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, GolconddHaney Limestone, Indian Springs shale, Big Clifty Sandstone, Beech Creek 

Limestone, Elwren shale, Sample Formation, and Beaver Bend Limestone. 

7.3.3 Hydroqeoloqy 

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 GolconddHaney 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 .8~10 -~  feeffsecond. A seepage velocity for the Upper Aquifer was calculated to be 4.5x103 feeffyear. 

Seepage velocity calculations are contained in Appendix B.1. 

The middle 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 1.59~10-~. A seepage velocity for the Middle Aquifer was calculated to be 3.34x103 feeffyear. 

Seepage velocity calculations are contained in Appendix B. l l .  

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 installed 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 lo4. A seepage velocity for the lower Aquifer was calculated to 

be 1.28~1 O4 feeffyear. Seepage velocity calculations are contained in Appendix B. l l .  
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7.4 NATURE AND EXTENT OF CONTAMINATION 

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 

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 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 discussion 

from the work plan as relevant is referenced in this nature and extent discussion for SWMU 10. 
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7.4.1 Surface Soil 

As detailed in Table 7-1 and Section 7.2, 10 surface soil samples were 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 soil samples 

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 7-1 1 present a geographical depiction of organic and inorganic detections in surface 

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

applicable regulatory concentration criterion (criterion110 for non-carcinogens), 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 and 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 regard to the chemical concentrations (i-e., SVOCs and metals) in the backfilled soil, results from the 

analysis of sample 10SB030002 (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 SVOCs. Analysis of 

this sample yielded 13 PAHs. The concentrations of PAHs ranged from 110 pglkg (anthracene) to 

990 pglkg [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 because 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 10SB030002-REM) was not 

analyzed for SVOCs. Therefore, the current nature and extent of possible SVOC 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 10SB090002 at a concentration of 

0.53 mglkg. HMX was detected in samples 10SB020002 (1.3 mgkg), 10SB030002-REM (44.3 mglkg), 

10SB040002 (5.0 mglkg), 10SB050002 (55 mgkg), and 10SB070002 (4 mglkg). RDX was detected in 

samples 10SB020002 (1.6 mgkg) and 10SB030002-REM (0.71 mgkg). 

Sample 10SB010002 was collected near the northeastern corner of Building 2734 and contained no 

explosive compounds. Samples 10SB020002, 1 OSB030002-REM, and 1 OSB040002 were collected 

around the perimeter of Building 2734 and contained varying concentrations of explosive compounds. 

Samples 10SB050002 (northwestern corner) and 10SB060002 (northeastern corner) were collected on 

the northern side of Building 2731. Sample 10SB050002 contained HMX at a concentration of 55 mgkg, 
.+-% 

and sample 10SB060002 did not yield any explosive compound detections. Samples 10SB070002 

(northwest) and 10SB080002 (northeast) were collected on the northern side of Building 2728. Sample 

10SB070002 contained HMX at a concentration of 4 mglkg, and sample 10SB080002 did not yield any 

explosive compound detections. Sample 10SB090002 was collected at the location of the pink water 

discharge (located outside the northem SWMU boundary) and yielded 2-amino-4,6-dinitrotoluene at a 

concentration of 0.53 mglkg. Sample 10SB100002 was collected at the location of the former solvent 

tank on the southern border of SWMU 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 detected at concentrations statistically determined 

to be greater than background 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. Since 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 Section 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 10SB020002 and 10SB080002 were analyzed for TOC, CEC, and pH. TOC in 

sample 10SB020002 was 1,900 mglkg and in sample 10SB080002 was 1,600 mgkg. The CEC in 

sample 10SB020002 was 10 MEQ1100 g and in sample 10SB080002 was 1.5 MEQ1100 g. The pH in 

sample 10SB020002 was 8 and in sample 10SB080002 was 8.5, which are alkaline. 

7.4.2 Subsurface Soil 

As detailed in Table 7-1 and Section 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 

SVOCs. Additionally, five subsurface soil samples were analyzed for CEC, pH, and TOC. 

Table 7-4 presents a summary of the positive results reported for compounds detected in the subsurface 

soil samples collected from SWMU 10. Table 7-5 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 

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 comparisons. Appendix E1.4 contains a copy of the entire analytical database for SWMU 10 

subsurface soil. Figures 7-12 and 7-13 present a geographical depiction of organic and inorganic 

detections in subsurface soil, respectively. If organic or inorganic chemical concentrations exceeded a 

risk-based or applicable regulatory criterion (criterion110 for non-carcinogens), a flag (e.g., RSPRG) 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 10SB03 has recently been excavated to a depth of 10 feet and 

composted. The excavated area was backfilled with bioremediated soil and screened rock (i.e., 

represented on Tables 7-2 through 7-5 as sample 10SB030810-REM). The bioremediated soil 

(10SB030810-REM) was analyzed for HMX, RDX, and 2,4,6-trinitrotoluene, only. Because there is some 

uncertainty with regard to the chemical concentrations (i.e., SVOCs and metals) in the backfilled soil, 

results from the analysis of sample 10SB030810 (except for HMX, RDX, and TNT) are used for nature 

and extent discussion. 

Semivolatile Organic Compounds 

Sample 10SB030810 was the only subsurface soil sample analyzed for SVOCs. Analysis of this sample 

yielded the detection of acenaphthene and di-n-octyl phthalate. The concentration of acenaphthene was 

11 pglkg and the concentration of di-n-octyl phthalate was 1,400 pglkg. 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 10SB030810-REM contained only 

HMX in one subsurface soil sample 10SB090204 at a concentration of 0.57 mglkg. 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 mglkg) was detected. No other explosive compounds were detected in SWMU 10 

subsurface soil samples other than in the bioremediated soil sample 10SB030810-REM. 

Soil sample 10SB030810-REM contained 2,4,6-trinitrotoluene at a concentration of 0.53 mglkg, HMX at a 

concentration of 44.3 mglkg, and RDX at a concentration of 0.71 mglkg. 

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 

detected in any of these subsurface soil samples. Three of the detected metals (calcium, potassium, and 

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 10SB090204 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 10SB090204 does not reflect 

soil contamination. To be conservative, however, the tags of Figure 7-13 show a "BACK" flag for all 

detected metals in sample 1 OSB090204 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 across 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 10SB010810, 1 OSB040305, 

10SB060507, 10SB090204, and 10SB100608 were analyzed for miscellaneous parameters. TOC 

concentrations ranged from 2,000 mglkg to 3,200 mglkg. The CEC ranged from 7.8 MEQ1100 g to 

10 MEQ1100 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 upgradient ground water 

(10GWC5201) 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 nitratelnitrite. 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 nitratelnitrite. 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 concentration of an organic or inorganic chemical 

exceeded a risk-based or applicable regulatory concentration criterion (criterion11 0 for non-carcinogens), 

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 

particular location, this is indicated with a " U P  flag on the tag at the affected location. If "UPn 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 VOCs 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 pglkg) and 10GWC5501 (2.7 pglkg). 

2,4,6-Trinitrotoluene was detected in wells 10-1 7, 10C55, and 10C55P2 at concentrations of 26 mglkg, 

56 pglkg, and 5.8 pglkg, respectively. 2,6-Dinitrotoluene was only detected in sample 10GWC5501 at a 

concentration of 1.5 pglkg. 2-Amino-4,6-dinitrotoluene was detected in wells 10-1 7, 10C55, and 

10C55P2 at concentrations of 20 pglkg, 2.8 pglkg, and 7.2 pglkg, respectively. 4-Amino-2,6- 

dinitrotoluene was detected in wells 10-1 7, 10C55, 10C55P2, and 10-02 at concentrations of 18 pglkg, 

3.7 mglkg, 15 pglkg, and 1.7 pglkg, respectively. HMX was detected in wells 10-1 7, 10C55, 10C55P2, 

and 10-02 at concentrations of 240 pglkg, 59 pglkg, 91 pglkg, and 12 pglkg, respectively. RDX was 

detected in wells 10-1 7, 10C55, 10C55P2, and 10-02 at concentrations of 33 pglkg, 240 pglkg, 21 pglkg, 

and 4.9 pglkg, respectively. 
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No explosive compounds were detected in any of the ground water wells located within the SWMU 

boundary. Explosives were only detected in four wells: 10-02, 10-1 7, 10C55, 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 the 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 10-1 7, 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 pg/L to 104 pg/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 of 4.5 pg/L 

and 1.2 pg/L, respectively. Mercury was detected in 10GW1701 at a concentration of 0.2 pg/L. Lead was 

detected in samples 10GW1601 and 10GWC37P301 at concentrations of 13.4 pg/L and 1.2 pg/L, 

respectively. Aluminum was detected in five of 17 samples at concentrations ranging from 416 pg/L to 

22,300 pg/L with the maximum detected concentration occurring in sample 10GW1601. Beryllium was 

detected in four of 17 samples at concentrations ranging from 1.6 pg/L to 20.3 pg/L with the maximum 

occurring in sample 10GW1601. Copper was detected in six of 17 samples at concentrations ranging 

from 2.1 pg/L to 34.8 pg/L with the maximum occurring in sample 10GWC41 P301. Nickel was detected 

in 12 of 17 samples at concentrations ranging from 12 pg/L to 695 pg/L with the maximum occurring in 

sample 10GWC31 P301. Selenium was detected at concentrations ranging from 1.3 pg/L to 9.3 pg/L with 

the maximum occurring in sample 10GWC41 P301. Zinc was detected in 12 of 17 samples at 

concentrations ranging from 11.8 pg/L to 1,660 pg/L with the maximum occurring in sample 10GW1601. 

Arsenic was detected in nine samples at concentrations ranging from 0.1 8 pg/L to 5.1 pg/L; the maximum 

was in 10GWC33P201. Cobalt was detected in 11 samples at concentrations ranging from 7.8 pg/L to 

299 pg/L with the maximum occurring in samplelOGW1601. Manganese was detected in 15 samples at 

concentrations ranging from 176 pg/L to 21,800 pg/L; the maximum was in sample 10GWC31 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 metals 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 than a factor of 

two. The typical maximum background concentrations for these metals, in pg/L, are: aluminum = 1000, 

beryllium < 10 cadmium <1 .O, cobalt 4 0 ,  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 

concentrations, however, exceeded the typical maximum concentration of 10 g/L in nine samples: ~ m h  

10GW 1601 (299 pg/L), 10GWC31 P301 (1 63 pg/L), 1 OGWC33P201 (1 7.4 pg/L),lOGWC3501 (1 40 pg/L), 

and 1 0GW C35P201 (60.2 pg/L), 1 OGWC37P301 (1 45 pg/L), 10GWC4101 (1 54 pg/L), 1 0GWC41 P301 

(72.7 pg/L), and 10GWC5701 (26.7 pg/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 10GW1601, 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. Nitratelnitrite 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 

1 OGW1701. 
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7.4.4 Surface water 

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 samples were analyzed for Appendix IX explosives, total 

and dissolved TAL metals (plus tin), cyanide, hardness, nitratelnitrite, 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 SWMU 10. 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 

organic or inorganic chemical concentrations exceeded risk-based or applicable regulatory criteria 

(criteria110 for non-carcinogens), 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 

"LIP 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 compounds 2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene, 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 pglL), 10SW0501 (1.6 pglL), and 10SW0701 (4.4 pglL). 2-Amino-4,6- 

dinitrotoluene was detected in sample 10SW0401 at a concentration of 0.41 pglL. 4-Amino-2,6- 

dinitrotoluene was detected in samples 10SW0401 (1.1 pglL), 10SW0501 (0.96 pgIL), and 10SW0701 

(1.4 pglL). HMX and RDX were both detected in samples 10SW0401, 10SW0501, 10SW0601, 

10SW0701, 10SW0901, 10SW1101, and 10SW1201. Concentrations of HMX ranged from 6.4 pglL to 

22 pglL; the maximum concentration was in sample 10SW0701. Concentrations of RDX ranged from 

1.9 pglL to 18 pglL; the maximum concentration also was in sample 1 OSW0701. 

Samples 10SW0101, 10SW02021, 10SW0301, 10SW0801, and 10SW 1001 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 10SW07101 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 pg/L and 86.4 pg/L respectively, were found in sample 10SW0901. The 

maximum concentration of iron, 1,120 pg/L, was found in sample 10SW1101. Aluminum was detected in 

11 of 12 samples at concentrations ranging from 21 3 pg/L to 837 pg/L. The maximum detected aluminum 

concentration was found in sample 10SW0801. Copper was detected in sample 10SW0901 at a 

concentration of 2 pg/L. Manganese was detected in 10 of 12 samples at a maximum concentration of 
f l e x  

125 pglL, in sample 10SW0801. Zinc was detected in samples 10SW0801 and 10SW0901 at 

concentrations of 1 1.2 pg/L and 1 13 pg/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 (10SW0101-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 10SW0901, 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 TOC. No upgradient sediment samples were collected 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 7-1 1 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 organic or inorganic 

chemical concentrations exceeded a risk-based or applicable regulatory concentration criterion 

(criterion110 for non-carcinogens), a flag (e.g., R5DQL) on the tap 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. 

Explosives 

The explosive compound, HMX, was detected in only one sample (10SD070006) at a concentration of 

51 mglkg. 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 mglkg), 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 essential 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, and 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 10SD080006. Maximum detected concentrations of arsenic, chromium, iron, lead, 

mercury, and vanadium were present in sample 10SD040006. Maximum detected concentrations of the 

remaining metals (barium, cadmium, manganese, and zinc) were divided among sample locations 

10SD050006, 10SD120006, 1 OSD070006, and 1 OSD090006. Samples 1 OSD080006 and 1 OSD040006 

are the two samples located farthest north of SWMU 10. 

Concentrations of aluminum ranged from 4,430 mglkg to 9,190 mgkg. Concentrations of arsenic ranged 

from 3.1 mglkg to 34.2 mgkg. Chromium concentrations ranged from 9 mglkg to 65.7 mglkg. Iron 

concentrations ranged from 121,000 mgkg to 71,100 mglkg. Lead concentrations ranged from 

13.3 mglkg to 37 mglkg. Manganese concentrations ranged from 165 mglkg to 3,900 mglkg. Vanadium 

concentrations ranged from 13.2 mglkg to 63.2 mgkg. Antimony was detected in three of 12 samples at 

concentrations ranging from 4,430 mglkg to 9,190 mgkg with the maximum detected concentration Pa 

occurring in sample 10SD0506. Barium was detected in all 12 samples at concentrations ranging from 

45.2 mglkg to 276 mglkg with the maximum occurring in sample 10SD120006. Beryllium was detected in 

five of 12 samples at concentrations ranging from 1.4 mgkg to 2.1 mgkg with the maximum occurring in 

sample 10SD90006. Cadmium was detected in four of 12 samples at concentrations ranging from 

1.3 mglkg to 2.4 mglkg with the maximum occurring in sample 10SD070006. Cobalt was detected in all 

12 samples at concentrations ranging from 6 mglkg to 51 -8 mglkg with the maximum occurring in sample 

10SD080006. Copper was detected in all 12 samples at concentrations ranging from 7.5 mglkg to 

126.9 mglkg with the maximum occurring in sample 10SD080006. Mercury was detected in samples 

10SD04006 (0.5 mgkg) and 10SD040006 (0.04 mglkg). Nickel was detected in all 12 samples at 

concentrations ranging from 7.5 mglkg to 44.6 mgkg with the maximum occurring in sample 

10SD080006. Zinc was detected in all 12 samples at concentrations ranging from 36.5 mglkg to 

301 mglkg with the maximum occurring in sample 1 OSD090006. 

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 SWMU 10. These metals do not coincide with significant explosive detections. 
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Miscellaneous Parameters 

Cyanide was not detected in these sediment samples. The TOC of these samples ranged from 

4,000 mglkg to 22,000 mglkg and sample 10SD010006 possessed the maximum total organic carbon 

value. 

Thirteen PAHs were detected in surface soil sample 10SB030002 at levels ranging from 110 pglkg 

(anthracene) to 990 pglkg [benzo(a)pyrene]. Acenaphthene (11 pglkg) and di-n-octyl phthalate 

(1,400 pglkg) were detected in the subsurface soil sample 10SB030810. This soil sample location, 

10SB03, 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 10. No other SVOCs were detected in soil 

or any other media sampled at SWMU 10. 

The explosive compounds 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 10SB030810-REM contained 2,4,6-trinitrotoluene at a concentration of 0.53 mgkg, HMX at a 

concentration of 44.3 mglkg, and RDX at a concentration of 0.71 mglkg. 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 at the northeast boundary of the SWMU. 

Sample location 10SWlSD07 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 10SWlSD04 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, 10C55, 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 in a 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 7-1 1 and 7-13, 

respectively). Of the metals detected in surface soil, concentrations of calcium and magnesium were 

present in SWMU 10 surface soils at concentrations in excess of background. All 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 10SB09. 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 mq 

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 because, 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 pg/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 the SWMU interior. The same is true for other metals. In this sense, the ground water 

metals contamination is adequately characterized to support the planned risk assessments. The tags on 

Figure 7-1 4 show all those metals whose concentrations exceed the upgradient concentration with a "LIP 

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 downgradient locations exhibit lesser concentrations of a particular metal 

than the upgradient locations within the SMWU. This tends to indicate that the SMWU is not 

contaminated because the contamination would not be expected to be uniformly distributed 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 water and sediment metals concentrations, the exceedances are 

relatively infrequent and metals concentrations at any one location are generally consistent with 

concentrations of the same metal at other site locations. This indicates that surface waters at SWMU 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 sediment sample available for comparison to SMWU 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 (10SWlSD12 and 1 0 ~ ~ 1 ~ ~ 0 1 )  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 mglkg 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 mglkg for arsenic and 0.1 to 3.6 mglkg 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. ." **L1 

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 at SWMU 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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7.5.1 Polvcyclic 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 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 &, values and tend to be fairly mobile in the 

environment. The &, 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 and will have only a slight tendency to partition to suspended and sediment 

organic. 2-Amino-2,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene are likely degradation products of the 

other explosives. 

Explosives were detected in all media sampled at SWMU 10. Their presence in ground water indicates 

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 

PAHs and PCBs. 

7.5.3 Inorganics 

Because inorganics are frequently incorporated into the soil matrix and remain bound 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 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 
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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 .I 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 7-1 4 and 7-1 5 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 

(10SB100002) 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)pyrene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene 

Explosives - 2-amino-4,6-dinitrotoluene 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 samples 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. 

The bioremediated soil was analyzed for HMX, RDX, and TIVT, only. As with surface soil, there is 

uncertainty in regard to the constituent concentrations in the backfilled soil. Therefore, for purposes of 

conservatism, results from the analysis of sample 10SB030810 (except for HMX, RDX, and TNT) are 

used for COPC selection and 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-amino-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 

(i.e., U.S. EPA Region 9 risk-based screening levels for residential soil, U.S. EPA Region 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 7-1 3 and 7-1 5, 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, 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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Miqration 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 ground 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 COPC 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 other PAHs 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-amino-4,6-dinitrotoluene, 2,6-dinitrotoluene, 

2,4,6-trinitrotoluene, HMX, and RDX. 

lnorganics - 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 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. 

CTO 001 0 



NSWC Crane 
RFI Report for SWMUs 4 ,5 ,9 ,  10 

Revision: 4 
Date: July 2005 

Section: 7 
Page 29 of 68 

7.6.1.3 Surface Water 

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, explosive-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 (1 0SW/SD01, 10SW/SD02, 1 OSW/SD03, 10SW/SD04, 10SWlSD05, 

10SW/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/SDO9 and 10SW/SD10). 

Contributions from the southern side of the facility to Turkey Creek were determined by collecting 

samples at two stations (10SW/SD11 and 10SW/SD12) near the Area D, F, and G and drainageways 

(Figure 7-15). Samples from 10SW/SD07 were 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 

lnorganics - 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 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 surface water is used as a drinking 

source (i.e., potential receptors ingest 2 liters of water per day1350 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 water. 
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7.6.1.4 Sediment 

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: 

lnorganics - aluminum, arsenic, chromium (total) iron, manganese, and vanadium 

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 chemical concentrations in sediment is conservative because i 

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. 

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 exposed to contaminated media at the site: 

Trespassers (aqes 6 to 17 years) - Likely receptor under future land use. This receptor may be 

exposed to potentially contaminated 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 would be 

current exposure for this receptor. 

Maintenance Workers - Likely receptor under current and future land use. Rockeye is currently 

maintained and 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 the creeks is not expected to 

occur. 

Construction Workers - Potential receptor under current and future land use. Very infrequently, 

upgrading to the bonding and grounding at Rockeye occurs. This process requires excavation. 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. 

Occupational Workers - Likely receptor under current and future land use. Currently, the site is active 

and receptors may be exposed to surface soil and air. Exposure to surface water and sediment is not 

expected to occur. 

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, surface water, and sediment in the creeks 

located near the site. However, it is highly unlikely that IVSWC Crane would close because principal 

Base operations, the demilitarization of munitions, are critical to support the U.S. Naval Fleet. 

Table 7-19 presents a summary of the potentially complete and incomplete exposure pathways for 

potential receptors 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 rC-U*, 

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 calculatethe 

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 COPC and the total HIS for affected target organs. An- 

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.1. A discussion of the 

estimated noncarcinogenic and carcinogenic risks is provided in the remainder of this section. 

Noncarcinoqenic Risks - RME 

Cumulative Hls for the maintenance worker, occupational worker, adult recreational user, and adolescent 

trespasser under the RME scenario are less than unity ( I ) ,  indicating that no toxic effects are anticipated 

for these receptors under the defined exposure conditions. Cumulative Hls 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 the maximum 

concentration detected in ground water (21,800 pg/L) because the 95 percent lognormal UCL exceeded 

the maximum concentration. Manganese was detected in 15 of 17 ground water samples; the maximum 

concentration was in sample 10GWC31P301 and the average concentration was 4,800 pg/L. This 

sample also contained concentrations of calcium and magnesium, which were noticeably higher than the 

other ground water samples. 

Cumulative Hls for the future adult and child residents are 42 and 150 respectively. These elevated risks 

result from exposure to iron.in sediment (adult HI = 0.1 1, child HI = 1 .O) 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 Hls calculated for residential exposure scenarios 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 quantify risks from exposure to iron. Since the provisional RfD is not based on 

adverse health effects, the risks associated with iron are expected to be overestimated. 
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The risks calculated for manganese were based on the maximum detected concentrations of 

manganese (21,800 pg/L) and HMX (240 pg/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 

ground water at the 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 3dyears. This assumption overestimates risks because 

a human receptor would be exposed to the sediment 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 chemicals in surface water and sediment were eliminated from the quantitative risk assessment 

on the basis of background because appropriate upgradient locations could not be determined for 

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). 

Carcinocrenic Risks 

Cumulative ILCRs for the construction worker and maintenance worker are less than U.S. EPA target risk 

range, 1x1 0-6 to 1x1 o - ~ .  Risks for the occupational worker, adult recreational worker, and adolescent 

trespasser are within the U.S. EPA's target range. The total residential ILCR (adult + child) is 3.5x10-~ 

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 pg/L. This concentration is less than the current MCL for arsenic (50 pg/L) and the recently 

proposed MCL (10 pg/L). In addition, the concentrations of arsenic in a number of ground water 

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 ability 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., 

ILCRs 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 (I), 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 CTE for the construction 

worker, future adult, and child residents are 1 .l, 28, and 63, respectively. These elevated risks result 

from exposure to explosives, iron, manganese, and nickel 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-~ to l x l ~ ~ ,  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: Al, As, Fe, Mn. 

Subsurface soils eliminated on the basis of background: Al, As, Fe, Mn. 

Ground water: None. 

Surface water: None. 

Sediment: None. 

Qualitative Risk Evaluation of Metals Eliminated as COPCS Based on Backqround Comparison. 

Aluminum, arsenic, iron, and manganese were detected in soils and/or sediments at concentrations 
,C1 

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. 

The PRGs presented for aluminum, iron, and manganese are based on the potential for non-cancer 

Parameter 

Aluminum 

Arsenic 

Iron 

Manganese 

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, 

Literature 
Background 

b d k g )  

10,000 - 300,000 

0.1 - 97 

7,000 - 555,000 

100 - 4,000 

Surface Soil 
Concentration 

(mglkg) 

12,200 

9.3 

26,500 

674 

the Region 9 PRG for aluminum is very conservative and may over predict the potential for non-cancer 
."RII 

effects. The maximum detected concentration of manganese is approximately two-thirds the relevant 

110110/P 7-36 CTO 001 0 

Subsurface 
Soil 

Concentration 

(mglkg) 

12,200 

12.2 

36,600 

1,260 

Sediment 
Concentration 

(mglkg) 

Region 9 
Residential 

(mglkg) 

76,000 

0.39 

23,000 

1,800 

Region 9 
Industrial 

PRG 

(mglkg) 

100,000 

1.6 

100,000 

19,000 
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residential PRG, and 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 not a 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-~ (one-in-one-million) cancer risk level (the values are the COPC 

screening levels used in this HHRA). PRGs representing the 1 x10" and 1 XIO-~ cancer risk levels would 

be 10 and 100 times the values presented for the 1 x1 a6 cancer risk level. Consequently, the maximum 

detected concentration of arsenic exceeds the 1 x10-~ and 1 XIO-~ cancer risk levels, but not the1 xlo4 

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. 

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 description. 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 Boggs 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 largemouth bass (Micropterus 

salmoides), bluegill sunfish (Leopomis macrochirus), redear sunfish (Etheostoma whippier), and golden 

shiners (Notemigonus crysoleucus). Also in this area, a single male Indiana bat, an endangered species, 

was captured along the Little Sulphur and Furst Creeks (Brent, personal comm). 
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The waterbodies at SWMU 10 eventually discharge to either Sulphur Creek or Turkey Creek because 

SWMU 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 uses (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 populations, another state endangered 

species (IDFW, 2000). Finally, spotted darters, a state endangered species, has been found in the East 'r "i 

Fork of the White River (IDFW, 2000). Note that other threatened, endangered, or special concern 

species also may be present in the water bodies just off-site of Crane, as well. 

7.7.2 Potential Ecoloqical Receptors and Exposure Pathwavs 

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 7-18 presents the conceptual site model for SWMU 10. 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) 
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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) 

Although piscivorous mammals and birds were 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. The measurement endpoints for each of these assessment endpoints are 

presented in Section 3.4. 

7.7.3 Sampling lnvestiqation and Results 

A total of 10 surface soil locations (Figures 7-12 and 7-1 3), six sediment locations (Figure 7-1 6), and six 

surface water locations (Figure 7-1 5) 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, SVOCs, energetics, and/or inorganic chemicals are detected in the soil, sediment, 

and surface water. Note that no upgradient surface water and 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 3-1 4 and 3-1 5. 

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 18 inorganic 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, beryllium, 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 concentrations exceed their respective sediment COPC 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 because 

no surface water COPC screening levels are available for these chemicals. Zinc is retained as a COPC 

because the maximum concentration exceeds the surface water COPC screening level. 

7.7.5 ScientificIManaqement Decision Point 

The SERA includes the estimation of exposure levels and screening for ecological risks. The SERA is 

concluded by a ScientificIManagement 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 
n: 

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 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 ridge crest 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. 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. 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 ultimately 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 analyzed 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 7-1 1 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 RDX 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 SedimentJSurface 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 for food-chain modeling (see Table 7-27). HMX, 

aluminum, antimony, barium, beryllium, iron, manganese, and vanadium were retained as COPCs 

because EDQLs 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 

EDQL. HMX was the only detected explosive in SWMU 10 sediment samples and was detected in only 

one of 12 samples collected (sample location 10SD07 located just north of the SWMU boundary in a 

tributary of Sulphur Creek). Sample 10SD070006 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 EDQLs ranged from 1.04 to 5.8 (see Table 

7-25), and for this reason will be further evaluated in Step 3a of the BERA. 
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7.7.5.2.2 Surface Water 

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 for surface water. Five 

explosives, ten inorganics (in unf~ltered 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 10SW11. 

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 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 
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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 conservative) 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 . l )  and benthic invertebrates (Section 7.7.6.1.2). 
""%% 

7.7.6.1.1 Terrestrial Plants and lnvertebrates - 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 (TNT) was initially selected as a COPC 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 mglkg (Talmage et al., 1999) 

Soil invertebrates (earthworms) - 140 mglkg (Talmage et al., 1999) 

The plant benchmark of 30 mglkg 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 mglkg TNT [Lowest Observed Effect 

Concentration (LOEC)] but not in soil with 10 mgkg TNT [No Observed Effect Concentration (NOEC)]. 

The soil earthworm concentration of 140 mglkg is recorded as a LOEC based on sublethal endpoint of 

weight loss; the NOEC from the same study was 1 10 mgkg (Talmage et al., 1999) 

TNT was detected in one of 10 surface soil samples collected at SWMU 10 at a concentration of 

0.53 mglkg in sample 10SB030002-REM. The maximum detected concentration is well below the 

NOECs for plants and invertebrates so impacts to those 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 bioaccumulative 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-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 mglkg (Talmage et al., 1999) 

Soil microbial processes - 80 mgkg (Talmage et al., 1999) 

The plant value is based on a study in which soil amended with 80 mglkg of 2-ADNT was not toxic to 

yellow nutsedge over a 42 day period (Talmage et al., 1999) No studies based on toxicity of 2-ADNT 

were located, but a soil microbial processes value of 80 mglkg was reported as nontoxic (Talmage et al., 

1999). However, Talmage et al., (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 concentration of 0.53 mglkg 

(location 10SB09). The sirlgle 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 at SWMU 10. Therefore, 

risks to plants and earthworms are acceptable so 2-ADNT is 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 mglkg) 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 mglkg 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 mglkg in soil (Robidoux et al., 2001). HMX was detected in 5 of the 

10 samples collected at SWMU 10 with the maximum HMX concentration of 55 mgkg detected at 

location 10SB05. 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 7-10). 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 
,a**l, 

samples was 5 mglkg (see Figure 7-10). Because significant effects are associated with the LOEC of 

280 mglkg and a NOEC was not available, a concentration of HMX in the soil of 55 mglkg could impacts 

invertebrates. It is less likely that concentrations of 5 mglkg or less would impact invertebrates because 

they are over 10 times less that the LOEC. However, because the detection of 55 mglkg 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 retained as a COPC for risks to plants and invertebrates. 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 
J 

conservative. 
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RDX 

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 mglkg (Talmage et al., 1999) 

LOEC (95 mglkg) for earthworm reproduction (Robidoux et al., 2000) 

The plant benchmark of 100 mglkg 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 mglkg was detected 

at location 10SB03. Although significant effects are associated with the LOEC of 100 mglkg and a NOEC 

was not available, a concentration of RDX in the soil of 8 mgkg 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 1-1 4), 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 mglkg in soil; a NOEC was not 

generated from the study (Robidoux et a]., 2000). RDX was detected in 2 of the 10 samples collected at 

SWMU 10 with the maximum RDX concentration of 8.0 mglkg 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 mglkg) also was located in 

the industrial area (see Figure 7-10). Although significant effects are associated with the LOEC of 

95 mglkg and a NOEC was not available, a concentration of RDX in the soil of 8 mglkg is unlikely to 

impacts invertebrates, because it is over 10 times less than the LOEC. Also, the two detections of RDX 

are in the 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). 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 mglkg (in sample 10SD07006), but it was not detected in 

the downstream sample (10SD04006) from the same water body. In a study by Steevens et al., (2002), 

HMX did not have a significant effect on survival of Chironomus tentans at a measured concentration of 

146 mglkg in sediment, or a significant effect on survival of Hyalelle azteca at a measured concentration 

of 126 mglkg in sediment. Because the maximum detection of HMX in the sediment at SWMU 10 is less 
a > 

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 mgkg 

(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 

al., 2000). The maximum aluminum concentration (9,190 mglkg) at location 10SD08 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 

Antimony was initially selected as a COPC because a Region 5 screening level is not available. The m~' ,n  ,. 

alternate benchmark selected for antimony is the Effects Range-Low (ER-L) of 2 mglkg (Long and 
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Morgan., 1991). The ER-L values were developed by first ranking the chemical concentrations in 

sediment associated with adverse effects by ascending concentrations then the lower 1 oth percentile 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 mglkg) 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 

to sediment dwelling invertebrates at SWMU 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 

(34.2 mglkg) in sample 10SD040006 exceeded the Region 5 screening level of 5.9 mgkg. However, the 

most recent EDQL (U.S. EPA, 2003) is based on the consensus-based Threshold Effect Concentration 

(TEC) and is therefore a more appropriate value for comparing the maximum arsenic concentration: 

Consensus-based TEC - 9.79 mglkg (MacDonald et al., 2000) 

Consensus-based Probable Effect Concentration (PEC) - 33 mglkg (MacDonald et al., 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 MENVIQ, 1992), and sediment quality advisory levels (SQALs; 

U.S. EPA, 1997) for arsenic. These individual effect levels for each of the studies cited above were 

calculated 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 consensus-based 

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 but is the geometric mean of the probable effect levels 

(PELS; Smith et al., 1996), effect range median values (ER-Ms; Long and Morgan, 1991), severe effect 

levels (SELs; Persaud et al., 1993) and Toxic Effect Thresholds (TETs; EC and MENVIQ, 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 . l )  

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 (10SD01, -05, -08, -12) impacts to benthic invertebrates are possible, and at locations 

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, risks 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 in sediment is an Apparent Effects Threshold (AET) value of 48 mglkg 

(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 at 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 mglkg). Additionally, beryllium was not 

detected in the surface water samples at SWMU 10 and was only detected in one of 10 surface soil 

samples (within background concentrations). For these reasons, detections of beryllium are likely not 

attributable 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 BERA process. 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 mglkg) 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 mglkg (MacDonald et al., 2000) 

Consensus-based PEC - 4.98 mglkg (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 from SWMU 10, 

because the headwaters of all the tributaries originate at SWMU 10 (see Figure 7-1 6). Because cadmium 

concentrations in the surface soil samples are within background concentrations (see Section 7.7.6.1 . l )  

and are not site-related, it is likely that the cadmium in the sediment is not site related. Also, because the 

concentrations 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 mglkg) 

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 mglkg (MacDonald et al., 2000) 

Consensus-based PEC - 11 1 mglkg (MacDonald et al. 2000) 

As mentioned above, the most likely source of metals in sediment is surface soil run-off from SWMU 10, -q 

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 .I) and are not site-related, it is likely that the chromium in the sediment 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, although 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 to 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 COPC because the maximum detected sediment concentration 

(51.8 mglkg) in sample 10SD080006 slightly exceeded the Region 5 screening level of 50 mglkg. 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 
-4 

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 COPC for these receptors. 

Copper 

Copper was initially selected as a COPC because the maximum detected sediment concentration 

(16.9 mglkg) exceeded the Region 5 screening level of 16 mglkg. 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 mg/kg (MacDonald et al., 2000) 

The maximum copper concentration is less than the consensus-based TEC so risks to sediment dwelling 

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 

lron 

lron was initially selected as a COPC because a Region 5 screening level is not available. lron 

concentrations 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), 

19931 

Canadian Sediment Guidelines SEL - 40,000 mgkg (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 goth percentile of the concentrations evaluated in toxicity studies where a species was 

present, and then plotting the goth percentile concentrations for all of the species considered to develop 

the guideline. The 5'h percentile of the plot was selected as the LEL for metals and the 951h percentile 

from the plot was selected as the SEL for metals. The maximum detected concentration of iron 

(71,100 mgkg in 10SD04), 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 not 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 .I) 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 mglkg) exceeded the Region 5 screening level of 31 mglkg. 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 mglkg (MacDonald et al., 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 not 

available. 

Canadian Sediment Guidelines LEL - 460 mglkg (OMOE, 1993) 

Canadian Sediment Guidelines SEL - 1,1 00 mglkg (OMOE, 1993) 

The toxicological basis for the LEL and SEL are described above for iron. The maximum detected 

concentration of manganese (3,900 mglkg), and the manganese concentrations in several other samples 
-9 

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 . l )  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 mglkg) exceeded the Region 5 screening level of 16 mgtkg. 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 mglkg (MacDonald et at., 2000) 

Consensus-based PEC - 48.6 mglkg (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 . l )  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 concentrations in four samples are between the TEC and the PEC, impacts 

to benthic invertebrates are possible, but not probably. Therefore, 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 from 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 mglkg (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 mgtkg) 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 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 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 
PI 

dwelling invertebrates. 

Zinc 

Zinc was initially selected as a COPC because the maximum detected sediment concentration 

(301 mgtkg) 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: 

Cansensus-based TEC - 121 mgtkg (MacDonald et al., 2000) 

Consensus-based PEC - 459 mglkg (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 
m a ,  

samples are within background concentrations (see Section 7.7.6.1 . l )  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 carrying zinc further through the BERA process (i.e., they reflect background 

concentrations). Risks to sediment dwelling invertebrates are acceptable and zinc is not retained as a 

COPC. Because zinc is a 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 (WQS) for 

surface water have been developed for lndiana (IDEM, 1998). In addition, U.S. EPA has established 

water-quality criteria (WQC) for a few contaminants (U.S. EPA, November 2002). The lndiana WQS were 

not used in the evaluation because the WQS are based on the dated U.S. EPA WQC. Therefore, it is 

more appropriate to use the updated U.S. EPA WQC. 

A total of 12 samples were collected and analyzed for total and filtered metals. The Step 3a evaluation 

was focused primarily 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 informational 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-Smino-2,6-dinitrotoluene, 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 pg/L), 2-ADNT (0.41 pg/L), HMX (22 pg/L), and 

RDX (1 8 pg/L) were less than the chronic water-quality screening benchmark (for 2,4,6-TNT) of 90 pg/L, 

and secondary chronic values (SCVs) of 20 pg/L, 330 pg/L, and 190 pg/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 (CADNT), but the maximum detection of 1.4 pg/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 pg/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. 

lron 

lron was initially selected as a COPC because a Region 5 screening level is not available. The maximum 

detected iron concentration was 1,120 pg/L (for unfiltered), but all other iron detections (both filtered and 

unfiltered) were less than 877 pg/L. lron was detected frequently in samples with average surface water 

concentrations of 510 pg/L (unfiltered samples) and 231 pg/L (filtered samples). The U.S. EPA WQC 

(U.S. EPA, November 2002) for iron is 1,000 pg/L. The maximum 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 pg/L (Suter and Tsao, 1996)) 

The ORML chronic benchmark was developed using the Tier II method described in the U.S. EPA's 

Proposed Water Qualitv Guidance for the Great Lakes Svstem 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 I1 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 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 ps%&-+t 

manganese, the maximum detected concentration was 139 pg/L (filtered). Because the ORNL 
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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 maximum detected surface water concentrations 

(1 13 pg/L for unfiltered and 102 pg/L for filtered) at location 10SW09 exceeded the Region 5 screening 

level of 58.8 pg/L. However the maximum concentrations are less than the U.S. EPA WQC for chronic 

and acute (248 pg/L) exposure, after adjusting for a hardness of 260 mg/L in the sample 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 EDQL. 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 and EEQs. 

7.7.6.2.1 Risks to Insectivorous/Herbivorous Receptors 

Table 7-31 presents the terrestrial wildlife model EEQs based on conservative input parameters, for the 

meadow vole, short-tailed shrew, American robin, and northern bobwhite quail. No EEQs are calculated 

for some of the energetics because NOAELs and LOAELs have not been developed for those chemicals. 

The NOAEL and LOAEL EEQs 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 EEQ 

calculated for zinc is greater than 1.0 at 10 and 1 .l, respectively in 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 .O. 

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 7-1 0) 

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 mglkg-day HMX, but a significant increase in 

mortality was observed among mice consuming 75 mglkg-day HMX (Talmage et al., 1999). Because the 

study was 13 weeks in duration the 30 mglkg-day dose was considered a subchronic NOAEL and the 

75 mglkg-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 ate 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 as a COPC 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 .@*h 

and zinc is not retained as a COPC for risks to birds. 
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7.7.6.2.2 Risks to Piscivorous/Aquatic Invertebrate-Eatinq Receptors 

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 .O. 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 wlldlife 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. EEQs calculated for arsenic were less than 1.0 in the bat model. Overall in the 

raccoon food chain model, NOAEL and LOAEL exceedances were simllar although the NOAEL EEQ 

calculated for HMX was less than 1 .O. 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 Table 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-off 

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 in the sediment are 

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 Ecolo~ical Risk Uncertaintv Analysis 

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 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 lndiana bat, based on the 

availability of exposure data for the little brown bat. Therefore, the calculated risks may be slightly 

different for the lndiana 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, 

carnivorous 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 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 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 consuming 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 Crane. Based on the preferred 

habitat of the timber rattlesnake and the ecology of SWMU 10, this species may potentially inhabit areas 

of SWMU 10. 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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7.7.7.3 Ecological Effects Data 

Toxicological 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 the outcome 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 cif 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 
.ma \ , 

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, four energetics 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 and 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 less 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 industrial 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 concentration in that sample was lower than no effects levels. Therefore, although potential -6 

impacts to plants and invertebrates exist based solely on a 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, no 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 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. 

For the one energetic (HMX) it was determined that the maximum detected concentration was less than 

toxicity data from the literature based on 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 concentrations 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 Orqanisms 

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 BERA. 

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 
fl~*lq 

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 as COPCs 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. 

Summarv of Food Chain Modeling 

After the initial screening, several energetics and inorganics were initially selected as COPCs for potential 
h e .  

risks to mammals and birds. In Step 3a, one energetic and one metal inorganics in soillsurface 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 sedimentlsurface 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, andlor 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 .O. 

Also, the NOAEL EEQ calculated for zinc in the robin model is greater than 1 .O. 

Although the NOAEL and LOAEL EEQs calculated for HMX in the meadow vole model, and the IVOAEL 

EEQ calculated for HMX in the shrew model are greater than 1 .O, impacts to mammals are not expected 

from HMX because mammals will not be 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 SWMU where 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 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. 

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 .O. Although, risks to 

mammals consuming fish are possible because the LOAEL EEQs calculated for several inorganics were 

greater than 1 .O, 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 reasons listed above, risks to piscivorous mammals are acceptable so metals are not 

retained as COPC in sediment for risks to mammals. 
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SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
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GROUND WATER 

Location 

10SWlSD05 

1 OSWISDOG 

10SWlSD07 

10SWlSD08 

10SWlSD09 

1 OSWlSD10 

1 OSWlSD11 

10SWlSD12 

Sample Depth 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

0 - 6 inches 

Sample Number 

---- 
1 OSD050006 

10SD060006 

lOSD070006 

1 OSD080006 

1 OSD090006 ---- 
1 OSD100006 

1 OSD110006 

1 OSD120006 

Analyses 

Miscellaneous 
parameters(') 

X 

X 
X 

X 

X 
X 

X 
X 

Appendix IX 
SVOCs (PAHs 

via SIM) 

N A 
N A 
N A 
N A 

N A 
N A 
N A 

N A 

Appendix IX 
VOCs 

N A 
N A 

N A 
N A 
N A 
N A 
N A 

N A 

Explosives 

X 

X 
X 

X 

X 
X 

X 

X .  

TAL Metals + 
Sn 

X 
X 
X 

X 
X 

X 

X 
X 

Cyanide 

X 

X 

X 
X 
X 

X 
X 

X 
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SURFACE WATER 

Location 

1 OC41 P3 

1 OC52 

1 OC55 

1 OC55P2 

1 OC57 

Sample Depth Sample Number 

1 OGWC41 P301 

10GWC5201 (upgradient) 

10GWC5501 

10GWC55P201 

10GWC5701 

10GWC5701-F 

Analyses 

Appendix IX 
SVOCs (PAHs 

via SIM) 

X 

X 

X 

X 

N A 

N A 

Explosives 

X 

X 

X 

X 

X 

N A 

Appendix IX 
VOCs 

X 

X 

X 

X 

N A 

N A 

TAL Metals + 
Sn 

X 

X 

X 

X 

X 

X 

Cyanide 

X 

X 

X 

X 

X 

N A 

Miscellaneous 
parameters(') 

X 

X 

X 

X 

X 

N A 
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SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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App. IX = Appendix IX. SIM = Selective ion monitoring. 
NA = Not analyzed. Sn = Tin. 
PAHs = Polycyclic aromatic hydrocarbons. SVOCs = Semivolatile organic compounds. 
TAL = Target analyte list. VOCs = Volatile organic compounds. 

Location 

1 0SWlSDO9 

10SWISD10 

10SWISD11 

10SWISD12 

Note: Sample numbers ending with "F" were field filtered prior to metals analyses. 

1 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 nitritelnitrate. 
- surface water samples were analyzed for hardness and total suspended solids. 
- sediment samples were analyzed for total organic carbon. 

Sample Depth Sample Number 

1 OSW0901 

10SW0901 -F 

1 OSWlOOl 

1 OSW1001-F 

lOSW1101 

lOSWl101-F 

10SW1201 

1OSW1201-F 

Analyses 

Appendix IX 
SVOCs (PAHs 

via SIM) 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

Miscellaneous 
parameters(') 

X 

N A 

X 
N A 

X 

N A 

X 

N A 

Appendix IX 
VOCs 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

Explosives 

X 
N A 

X 

N A 

X 

N A 

X 

N A 

TAL Metals + 
Sn 

X 

X 

X 

X 

X 

X 

X 

X 

Cyanide 

X 

N A 

X 
N A 

X 
N A 

X 

N A 
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TABLE 7-2 

SUMMARY OF POSITIVE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Blank cells indicate sample was not analyzed for thls parameter. 

Data Validation Qualillers: 

U - lndicates 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 concentratton is determined to be attributable to contamination introduced durlng lield sampling or 

laboratory analysis. 

UJ - Indicates that the chemical was not detected. However, the detect~on limil (sample-specific quantitation limit) is considered to be estimated based on problems encountered durlng laboratory 

analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - lndicates that the chemical was detected. However, the assoc~ated numerical result is not a precise representation of the amount that is actually presenl in the sample. The 

laboratory-reported concentration is considered to be an estimate of the true concentration. 

UR - lndicates that the chemical may or may not be present. The nondetected analylical result reported by the laboratory is considered to be unreliable and unusable. This qualilier is applied 

in cases ol  gross technical deficiencies (i.e., holding times missed by a factor of two times the spec~fled time limit, severe calibration noncompliances, and extremely low quality control 

recoveries). 

R - lndlcales that the chemical may or may not be present. The positive analylical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases of gross techn~cal deficiencies. 
BU - lndicates that the chemical was detected In this sample as well as the associated laboralory method blank but has been qualilied non-detected as a result o l  laboratory blank contamination 

(i.0.. concentration was less than the blank action level). 

BJ - tndlcates that the chemical was detected in this sample as well as the associated method blank, and 1s considered est~mated because the concentration is in excess ol the blank action level. 

Sample Identification 

Depth range (feet bgs) 
Soil Group: 

bgs = Below ground surface. 

ME0 - milliequ~valents 

Soll Group 3 - Alluvial. Mississippian. Pennsylvanian surface soil as per "Basewlde Background Soil Invest~gation Report.' NSWC Crane, Indiana (TINUS. January 2001) 

S.U. = Standard units. 

10SB010002 

0 - 2 

3 

10SB020002 

0 - 2  

3 

10SB030002 

0 - 2  

3 

10SBW0002 

0 - 2 

3 

10SB050002 

0 - 2  

3 

10SB060002 

0 - 2 

3 

10SB070002 

0 - 2 

3 

10SB080002 

0 - 2  

3 

10SB090002 

0 - 2  

3 

10SB100002 

0 - 2  

3 

10SB030002-REM 
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SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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CAS 
Number 

Explosives (mglkg) 

Parameter 
Detection 

~ r e ~ u e n c ~ " '  

1/10 

5/10 

2/10 

1/10 

35572-78-2 

2691-41 -0 

121-82-4 

0.53 

1.3 

0.71 

0.53 

2-AMINO-4,6-DINITROTOLUENE 
------ 

HMX 

RDX 

2,4,6-Trinitrotoluene 

Minimum 
Concentration 

1 OSB090002 

1 OSB050002 

1 OSB030002 

1 OSB030002-REM 

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

0.53 

55 

8 

0.53 

Minimum 
Qualifier 

0.5 

0.5 

0.5 

0.5 

Maximum 
Concentration 

Maximum 
Qualifier 

Range of 
Nondetects 

Location of Maximum 
Concentration 

Site 
~ack~round? '~ '  



TABLE 7-3 

SURFACE SOIL ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Miscellaneous Parameter (MEW100 g) 

[CATION EXCHANGE CAPACITY I 212 I 1.5 I J I  10 1 J I  --- I 1 OSB020002 I --- 

C AS 
Number 

7439-97-6 

7440-02-0 

7440-09-7 

7440-62-2 

7440-66-6 

Miscellaneous Parameter (S.U.) 

IPH I 2/2 I 8 I J I  8.5 I J I  --- I 1 OSB080002 1 --- 
Miscellaneous Parameter (mglkg) 

 TOTAL ORGANIC CARBON I 2/2 I 1600 I 1 1900 I I --- I lOSB020002 I --- I 

Parameter 

MERCURY 

NICKEL 

POTASSIUM 

VANADIUM 

ZINC 

1 - Associated Samples: 

10SB010002 

10SB020002 

10SB030002 

10SB040002 

10SB050002 

10SB060002 

1 058070002 

10SB080002 

10SB090002 

1058 100002 

1 OSB030002-REM 

2 - Background Samples: 

BGl SBAOlOl 

BG1 SBA0401 

BG 1 SBP0401 

BG 1 SBP0601 

BG 1 SBP0701 

BGI SBP0801 

BG 1 SBP0901 

BG3SBAOlOl 

BG3SBA0301 

BG3SBA0501 

BG3SBM0201 

BG3SBM0401 

BG3SBM0601 

BG3SBM0701 

BG3SBM0801 

Detection 

~ r e ~ u e n c ~ ( "  

311 0 

10110 

2/10 

10110 

10110 

--- = Not applicable. 

Bolding indicates that parameter is in excess of background. 

CAS - Chemical abstract services. 

MEQ1100 g = Milliequivalents per 100 grams. 

S.U. = Standard units. 

Note: 
Surface soil samples were collected from the 0 to 2 foot depth interval. Samples 

collected for all analyses other than VOCs were taken from the full interval. Samples 

collected for VOCs were taken from the 1 to 2 foot interval because the 0 to 1 foot interval 

would be depleted in VOCs. 

Minimum 
Concentration 

0.04 

6.4 

321 

4.4 

19.8 

Range of 
Nondetects 

0'03 - 0'05 

--- 
401 - 493 

--- 
--- 

Minimum 
Qualifier 

J 

J 

Location of Maximum 
Concentration 

lOSB050002, 
1 OSBO60002, lOSB090002 

1 OSBO80002 

10SB050002 

lOSB090002 

1 OSB090002 

Site Above 

~ a c k ~ r o u n d ? ' ~ '  

NO 

NO 

NO 

NO 

NO 

Maximum 
Concentration 

0.04 

15.7 

506 

26.6 

50 

Maximum 
Qualifier 

J 

J 

J 
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SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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Sample Identification 

Depth Range (feet bgs) 

Soil Group: 

Semi-Volatiles (@kg) 

10SB01 081 0 

8 -10  

8 

ACENAPHTHENE 

Dl-N-OCTYL PHTHALATE 

Explosives (mglkg) 

HMX 

RDX 

2,4,6-Trinitrotoluene 

Miscellaneous Parameters 

10SB020709 

7 - 9  

8 

CATION EXCHANGE CAPACITY (MEQ1100 g) 

pH (S.U.) 

TOTAL ORGANIC CARBON (mglkg) 

I 11.0 

I 1400 

10.0 

5.2 J 

2000 

7.8 J 

5.9 J 

1000 U 

10SB030810 

8 -10  

8 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 
0.50 U 

0.50 U 

0.50 U 
0.50 U 

9.6 J 

5.2 J 

2200 

10SB040305 

3 - 5  

8 

0.50 U 

0.50 U 

0.50 U 

8.5 J 

7.7 J 

3200 

10SB050406 

4 - 6 

8 

9.4 J 

5.8 J 

2900 

I 

10SB060507 

5 - 7  

8 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

0.50 U 

10SB070406 

4 - 6  

8 

0.57 

0.50 U 

0.50 U 

10SB080406 

4 - 6 

8 

1 

0.50 U 

0.50 U 

0.50 U 

10SB090204 

2 - 4  

9 

44.3 

0.71 

0.529 

10SB100608 

6 - 8  

8 

10SB030810-REM 



TABLE 7-4 

SUMMARY OF POSITIVE SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Blank cells indicate sample was not analyzed for this parameter. 

Data Validation Qualifiers: 

U - lndicates 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 - lndicates 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 - lndicates 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 - lndicates that the chemical may or may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualilier 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 - lndicates that the chemical may or 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 - lndicates 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 - lndicates 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 lnvestigation Report," NSWC Crane, lndiana (TINUS. January 2001) 

Soil Group 9 - Pennsylvania subsurface sand as per "Basewide Background Soil lnvestigation Report," NSWC Crane, lndiana (TINUS, January 2001). 



TABLE 7-5 

SUBSURFACE SOIL ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

C AS 
Number 

83-32-9 ~ACENAPHTHENE I 111 I 11 I I 11 

Semi-volatile Oraanics iualkal 
Parameter 

--- I 10SB030810 I --- 

Explosives (mglkg) 

1 17-84-0 IDI-N-OCTYL PHTHALATE 1 1  I 1400 1 1400 I .-- ( 10SB030810 I --- 

Miscellaneous Parameter (MEW100 g) 

Detection 

~requency"' 

--- 
--- 
--- 

2691-41-0 

121-82-4 

1 18-96-7 

 CATION EXCHANGE CAPACITY 1 515 1 7.8 I J I  10 I -.- ( 10SB040305 1 --- 

Minimum 
Concentration 

HMX 

RDX 

2,4,6-Trinitrotoluene 

I 
Miscellaneous Parameter (S.U.) 

Minimum 
Qualifier 

2/10 

1110 

1/10 

IPH 515 1 5.2 I J I  7 7 I J I  --. 1 10SB090204 1 --- 

Maximum 
Concentration 

0.57 

0.71 

0.53 

I 
Miscellaneous Parameter (mglkg) 

(TOTAL ORGANIC CARBON 1 415 1 2000 1 I 3200 I I 1000 ( lOSB090204 I --- I 

Maximum 
Qualifier 

44.3 

0.71 

0.53 

Range of 
Nondetects 

0.5 

--- 

10SB030810-REM 

10SB030810-REM 

10SB030810-REM 

Location of 
Maximum 

Concentration 
Site Above 

~ackground?'~) 



TABLE 7-5 

1 - Associated Samples: 

lOSBOl0810 

1 OSB020709 

1 OSB030810 

1 OSB040305 

1 OSB050406 

1 OSB060507 

1 OSB070406 

1 OSB080406 

1 OSB090204 

10SB100608 

10SB030810-REM 

SUBSURFACE SOIL ANALTYICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

2 - Background Samples: 

BG1 SBP0806 

BGl SBPOlO3 

BG1 SBP0204 

BG1 SBP0206 

BG1 SBP0305 

BG1 SBP0406-MAX 

BG 1 SBP0505 

BG1 SBP0603 

BG1 SBP0804 

BGlSBP1004 

--- = Not applicable. 

Bolding indicates that parameter is in 

excess of background. 

CAS = Chemical abstract services. 

MEQllOO g = Milliequivalents per 100 grams. 

S.U. = Standard units. 



TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Well Number: 10-02 10-03 10-16 10-17 10C26 10C41P3 10C31 10C31 P3 

Miscellaneous Parameters (mglL) 

NlTRlTONlTRATE 1 0.30 1 0.010 U 1 0.020 U 1 0.40 1 I 1 0.050 1 0.040 U 1 0.090 1 0.25 U I 0.030 U 1 0.20 U 1 0.20 U 



TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

Well Number: 

Sample Identification 
Explosives (pglL) 

Miscellaneous Parameters (mqlL) 

NITRITEINITRATE 1 0.050 ( 0.040 1 0.16 1 0.040 1 0.040 U I 0.33 1 0.020 U I 

10C37P3 

10GWC37P301 

10C41 

10GWC4101 

10C57 

10GWC5701-F 

10C41P3 

10GWC41P301 

10C55P2 

10GWC55P201 

10C57 

10GWC5701 

10C52 
10GWC5201 

(upgradient)"' 

10C55 

10GWC5501 



TABLE 7-6 

SUMMARY OF POSITIVE GROUND WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 3 

1 - Samples analyzed lor VOCs only and none were detected 

2 - Sample was designated as the SWMU 10 upgradient ground water sample. 

Blank cells indicate sample was not analyzed for this parameler. 

Data Validation Qualifiers: 

U - lndicates that the chemical was not detected at the numerical detection limit (sample-specific quantitation limit) noted. Nondetected results lrom the laboratory are reported in this manner. 

This quallfler is also added to a positive result (reported by the laboratory) i l  the detected concentration is determ~ned to be attributable to contamination introduced during lield sampling or 

laboratory analysis. 

UJ - lndicates that the chemical was not detecled. However, the detection limit (sample-specilic quantitat~on Ilm~t) is considered to be estimated based on problems encountered during laboratory 

analysis. The associated numerical detection limit is regarded as Inaccurate or imprecise. 

J - lndicates thal 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 ol the true concentration. 

UR - lndicates that the chemical may or may not be present. The nondetected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualilier is applied 

in cases of gross technical deficienc~es (i e., holding times missed by a laclor of two times the specilied time Ilmit, severe calibration noncompliances, and exlremely low quality control 

recoveries). 

R - lnd~cates that the chemical may or may not be present. The posltive analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

cases ol gross technical deflclencles. 

BU - lndicates that the chemlcal was detected in this sample as well as the associated laboratory method blank but has been qualilied non-delected as a result of laboratory blank contamination 

(i.0.. concentration was less than the blank action levei). 

BJ - lndicates that the chemical was detected in this sample as well as the associated method blank, and 1s considered estimated because the concentration is in excess ol the blank action level. 
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TABLE 7-7 

GROUND WATER ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

7440-66-6 IZINC, FILTERED I 111 I 114 I I 114 I I --- I 10GWC5701-F I --- I --- I 

C AS 
Number 

Miscellaneous Parameters (mg/L) 

INITRITEINITRATE I 911 8 1 0.040 1 1 0.400 1 1 0.010-0.25 1 10GW1701 I 0.04 1 -- 

1 - Associated Samples: 

10GW0201 10GW C3501 

10GW0301 10GWC35P201 

1OGW1601 10GWC3701 

1OGW1701 10GWC37P301 

10GWC2601 lOGWC4101 

lOGWC26P301 10GWC41 P301 

lOGWC3lOl 10GWC5501 

lOGWC3lP301 10GWC55P201 

10GWC3301 10GWC5701 

1 OGWC33P201 10GWC5701-F 

Parameter 

2 - Upgradient Sample: 

10GWC5201 

---- = Not applicable. 

Bolding indicates parameter is in excess of upgradient concentration. 

ND = Not detected. 

CAS = Chemical abstract services. 

Detection 

~ r e ~ u e n c ~ ' ' !  
Minimum 

Concentration 
Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Qualifier 

Range of 
Nondetects 

Location of 
Maximum 

Concentration 

Upgradient 

value(" 

Site Above 
Upgradient 

Concentration? 





TABLE 7-8 

SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 3 

/sample Identification I 10SW0201 I 10SW0301 I 10SW0401 1 10SW0501 ( 10SW0601 1 10SW0701 ( 10SW0801 I 10SW0901 1 lOSW1001 1 lOSW1101 1 10SW1201 1 
Exolosives (udL\ 

2.4.6-TRINITROTOLUENE 

2-AMINO-4.6-DINITROTOLUENE 

4-AMINO-2.6-DINITROTOLUENE 

HMX 

RDX 

1.2 U 

1.2 U 

1.2 U 

1.2 U 

1 2 U  
Inorganics (pglL) 

IZINC. FILTERED I I I I I I I I I I I 
Miscellaneous Parameters (mglL) 

0.82 U 

0.82 U 

0.82 U 

0.82 U 

0 8 2 U  

2.6 

0.41 J 

1.1 J 

19 

11 

36.0 

0.27 

9.OOJ 

52.0 

0.30 

1 5 0 J  

HARDNESS 

NITRATE/NITRITE 

TOTAL SUSPENDED SOLIDS 

60.0 

0.41 

3 .00J  

1.6 

0.36 U 

0.96 J 

13 

7 5 

39.0 

0.28 

1O.OJ 

0.99 U 

0.99 U 

0 99 U 

6.4 

2.6 

33.0 

0.26 

2 6 0 J  

4.4 

0.60 U 

1.4 

22 

18 

53.0 

0.30 

8 . 0 0 J  

0.90 U 

0.90 U 

0.90 U 

0.90 U 

0.90 U 

130 

0.29 

2 0 0 U J  

56.0 

0.18 

1 3 . 0 J  

0.53 U 

0.53 U 

0 53 U 

7.5 

2.3 J 

260 

1.60 

50.0J 

87.0 

0.54 

4 . 0 0 J  

55.0 

0.45 

2.00UJ 

0.87 U 

0.87 U 

0.87 U 

0.87 U 

0.87 U 

1.3 U 

1.3 U 

1.3 U 

18 

5.1 

1.0 U 

1 0  U 

1.0 U 

8.4 

1 9  
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TABLE 7-9 

SURFACE WATER ANALYTICAL RESUTLS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

1 - Associated Samples: 

lOSWOlOl 10SW0501 

1OSWO101-F 1 OSW0501 -F 

1 OSW0201 1 OSW0601 

10SW0201 -F 1 OSW0601 -F 

1 OSW0301 10SW0701 

lOSWO301-F lOSWO701-F 

1 OSW0401 1 OSW0801 

1 OSW0401 -F 1 OSW0801 -F 

CAS 
Number 

CAS = Chemical abstract services. 

--- Not applicable 

Parameter 
Detection 

~requenc~( ' )  
Minimum 

Concentration 
Minimum 
Qualifier 

Maximum 
Concentration 

Maximum 
Qualifier 

Range of 
Nondetects 

Location of Maximum 
Concentration 



TABLE 7-1 0 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

)HMX 1 0.50 U ( 0.50U I 0.50 U 1 0.50 U 1 0.50 U ( 0.50 U 1 51 1 0.50 U ( 0.50 U 1 0.50 U I 0.50 U 1 0.50 U I 
lnorganics (mglkg) 

Sample Identification 10SD010006 10SD020006 10SD030006 10SD040006 10SD050W6 10SD090006 

Depth Range (inches) 0 - 6  0 - 6  0 - 6  0 - 6  0 - 6  0 - 6  

Eneroetics lmolko\ 

10SD110006 

0 - 6  

10SD100006 

0 - 6  

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

1 OSD120006 

0 - 6  

CALCIUM 

CHROMIUM 

COBALT 

1.2 U 

10.4 J 

155 J 

1.6 J 

COPPER 

IRON 

LEAD 

MAGNESIUM 

Miscellaneous Parameters (mglkg) 

 TOTALO ORGANIC CARBON I 22000 J I 4000 J I 7900 J I 5500 J ( 9300 J 1 18000 J I 9700 J I 6800 J I 18OM) J I 6900 J I 11000 J I 13000 J I 

1260 

25.5 J 

29.4 J 

MANGANESE 

MERCURY 

NICKEL 

VANADIUM 

ZINC 

Data Validatton Qualifiers: 

1.1 U 

3.1 J 

45.2 J 

1.0 U 

9.7 J 

29800 J 

25.5J 

997 

U - lnd~cates 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. 

1620 

9.0 J 

6.0 J 

2360 J 

0.06 UJ 

44.5 J 

30.0J 

79.5J 

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 

1.1 U 

6.6 J 

70.3 J 

1.0 U 

8.0 J 

13800 J 

13.3J 

61 3 

laboralory analysis. 

UJ - lndicates thal the chemical was not detected. However. the detection ltmit (sample-speclfic 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 - lndicates 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 

564 

13.7 J 

17.0 J 

165 J 

0.04 UJ 

8.2 J 

13.2J 

58.3J 

laboratory-reported concentration is considered to be an estimate of the true concentration 

1 .8 

34.2 J 

133 J 

1.4 J 

9.6 J- 

20600 J 

17.5J 

696 

UR - lndicates thal the chemical may or may not be present. The nondetected analylical 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 Ilm~t, severe calibration noncompliances, and extremely low quality control 

recoveries). 

R - lndicates that the chemical may or may not be present. The posttive analyllcal result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 

1180 

65.7 J 

24.7 J 

652 J 

0.05 UJ 

17.6 J 

18.1J 

40.6J 

cases of gross technical defic~enc~es. 

BU - lndicates 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 - lndicates that the chemical was detected in this sample as well as the associated method blank, and is considered estimated because the concentratlon is in excess of the blank action level 

2.2 

15.9 J 

95.7 J 

1.9 J 

11 .9 -~  

71100 J 

37.0J 

487 U 

1070 

45.4 J 

24.5 J 

2300 J 

0.05 J 

15.4 J 

63.2J 

46.5J 

0.98 U 

6.2 J 

93.6 J 

0.98 U 

13.4 J 

57700 J 

26.7J 

607 U 

773 

13.7 J 

14.3 J 

1970 J 

0.07 UJ 

29.4 J 

40.0J 

71.0J 

1.1 U 

4.0 J 

78.0 J 

1 0  U 

7.5 J 

19700 J 

16.2J 

490 U 

3840 

9.2 J 

6.3 J 

979 J 

0.05 UJ 

18.8 J 

15.0J 

36.5J 

1.4 

22.0 J 

121 J 

2.1 J 

7.7 J 

12100 J 

19.2J 

1230 

1330 

32.4 J 

51.8 J 

445 J 

0.05 UJ 

7.5 J 

15.4J 

59.3J 

1.2 U 

7.4 J 

67.9 J 

1.2 U 

16.9 J 

52800 J 

32.9J 

805 

5920 

11.0 J 

9.0 J 

3360 J 

0.04 J 

44.6 J 

42.9J 

98.1J 

0.98 U 

6.4 J 

65.3 J 

1.0 U 

10.4 J 

18300 J 

18.5 J 

1590 

1660 

10.4 J 

12.2 J 

625 J 

0.06 UJ 

7.9 J 

21.5J 

301 J 

1.0 U 

6.8 J 

82.6 J 

0.99 U 

7.5 J- 

14800 J 

16.2 J 

1010 

1.1 U 

16.7 J 

276 J 

1.8 J 

2160 

12.8 J 

14.0 J 

985 J 

0.05 UJ 

15.9 J 

20.7J 

62.8 J 

997 

32.6 J 

41.7 J 

11.2 J 

20400 J 

17.1 J 

1020 

10.3 J 

47100 J 

26.4 J 

550 U 

778 J 

0.05 UJ 

9.8 J 

21.0J 

40.0 J 

3900 J 

0.03 UJ 

32.0 J 

39.1J 

90.8 J 



TABLE 7-1 1 

SEDIMENT ANALYTICAL RESULTS SUMMARY STATISTICS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

lnoraanics Imdka) 

CAS 
Number 

Explosives (mglkg) 

ALUMINUM 

ANTIMONY 

2691 -41 -0 ~ H M X  I 1/12 

ARSENIC 

BARIUM 

BERYLLIUM 

Parameter 

5 1 I I 5 1 I I 0.5 I 10SD070006 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

Detection 

~ requenc~" '  

COPPER 

l RON 

LEAD 

Minimum 
Concentration 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

VANADIUM 

ZINC 

Minimum 
Qualifier 

1 - Associated Samples: 

1 0SD010006 10SD070006 

10SD020006 10SD080006 

10SD030006 10SD090006 

1 OSD040006 10SD100006 

10SD050006 10SD110006 

10SD060006 10SD120006 

Maximum 
Concentration 

Miscellaneous Parameter (mglkg) 

--- = Not applicable. 

CAS = Chemical abstract services. 

(TOTAL ORGANIC CARBON 1 1211 2 1 4000 I J I 22000 I J I 0 

Maximum 
Qualifier 

10SD010006 I 

Range of 
Nondetects 

Location of Maximum 
Concentration 



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 OF 2 

Scenario Timeframe: CurrenUFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

Minimum Maximum Location of Detection 
Chemical concentration Units Maximum 

Qualifier 
Concentratinn 

ouslifier Number 
(1) (1) concentration Fy;ncy Selection (6) 

SEMIVOLATILE ORGANICS 

EXPLOSIVES 



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 

Footnotes: 
1 Only the original of duplicate sample was used lor COPC selection. The duplicate was used for qualily control purposes only 
2 Values presented are sample-specific quantilatlon limits. 
3 The maximum detected concentratlon is used for screening purposes. 
4 TO determine whether metal concenlralions were within background levels, soil concenlrations were 

compared lo base-wide background data presented in the Basewide Background So11 Investigation Repod 
(TINUS, Inc.. January 2001) by means ol the Wilcoxon Rank Sum Test. If Ihe Wilcoxon Test 
determined that a constituent concentralion was not signilicanty ditferent lrom background, that 
chemical was not selected as a COPC. 

5 The risk-based so11 COPC screening level for residential land use is presented. The value IS based on a 
targel Hazard Ouotienl of 0 1 for noncarcinogens (denoted with a 'N' Iiag) or an incremental cancer 
risk ol 1E-6 for carcinogens (denoted with a 'C' Ilag) (U.S. EPA. Region 9. November 2000). 

6 The chemical is selected as a COPC if the maxlmum delected concenlralion exceeds the risk-based 
COPC screening level and/or an ARAMBC(s). 

7 Acenaphlhene IS used as a surrogate lor acenaphlhylene. 
8 Pyrene is used as a surrogate lor benzo(g.h.i)perylene and phenanlhrene. 
9 Value is lor amlnodinitrotoluenes (U.S. EPA. Region 3, October 2001) 
10 Hexavalent chromium. 
11 OSWER sol1 screening level lor residential land use (U.S. EPA. July 1994). 
12 Value is lor mercuric chloride (US.  EPA. Region 3. October 2001). 

Scenario Timeframe: CurrenVFulure 
Medium: Soil  
Exposure Medium: Surface Soll 
Exposure Point: Surface Soil 

Delinilions: 
ARAMBC = Applicable or Relevant and Appropriate RequiremenVlo be considered 
C =Carcinogen. 
CAS = Chemical abstract service. 
COPC = Chemical of potential concern. 
IDEM = lnd~ana Oeparlment ot Environmental Managemenl, Risk Inlegrated System ot 

Closure (RISC) residential levels for direct conlact with soil (IDEM, July 2001) 
J = Eslimated.value. 
N = Noncarcinogen. 
NA = Not applicableinol a.ailabte. 
sat = Soil saluralion concentration.. 

Chemical 

Rationale Codes: 
For Selection as a COPC: 
ASL = Above COPC screening IeveVARAMBC 

Minimum 
concentration 

(1) 

1.5 
8 

1600 

MISCELLANEOUS 

Fgr Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening IeveliARAMBC. 
NTX = No toxicity information. 
NUT = Essential nutrient. 

PARAMETERS 
CATION EXCHANGE CAPACIN 
PH 
TOTAL ORGANIC CARBON 

Shaded cells indicate thal the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC. 

N o ~ ~ ~ ~ ~ ( 2 )  
Concentration (1) 

concentration 
used for 

Screening (3) 

Site Above 
Backgmund ' 

(4) 

J I 10 
J 1 8.5 

1 1900 

NA 
N A 
N A 

J 
J 

Risk-Based 
CoPC 

Screening 
~ e v e i  (5) 

~ o t e n t i a l  
ARAR/TBC 

value 

N A 
N A 
NA 

potential 
ARAR/TBC 

Source 

meq/loo g 
S.U. 

mg/kp 

NA 
NA 
N A 

NA 
NA 
NA 

Ci:: 

IOSBO~OOOZ 1 2/2 
10SB080002 1 2/2 
10S8020002 [ 2/2 

Ralionate lor 

Ci:,",z',":t 
Selection (6) 

NO 
No 
No 

.-. 10 

... I 8.5 

... 1 1900 

NTX 
NTX 
NTX 



TABLE 7-13 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACE SOIL 
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NSWC CRANE. CRANE, INDIANA 
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Scenario TimeIrame: CurrenVFuture 
Medium: Soil 
Exposure Medium: Surface Soil 
Exposure Point: Surface Soil 

-- 

Minimum 
Chemical   on cent ran on 

Number 



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 2 OF 2 

Scenario Timeframe: CurrenVFuture 
Medlum: Soil 
Exposum Medium: Sudace Soil 
Exposum Point: Sudace Soil 

Footnotes: Definitions: 
1 Only the orlglnal ol duplicate sample was used lor COPC selection. The duplicate was used lor quallly control purposes only ARAMBC = Applicable or Relevant and Appropr~ate RequlremenVlo be considered. 
2 Values presented are sample-specif~c quanlilallon limits C = Carcinogen. 
3 The maximum detected concentration is used for screening purposes. CAS = Chemical abstract services. 

4 To determine whether metal concentrations were within background levels, so11 concentrations were COPC = Chem~cal of polenl~al concern. 
compared to base-wide background dala presented in the Basewide Background Soil lnvesligatlon Reporl IDEM = Indiana Deparlmenl of Environmental Management. Rlsk Integrated Syslem ol  
(TINUS. Inc.. January 2001) by means of Ihe Wilcoxon Rank Sum Test. I1 Ihe Wllcoxon Test Closure (RISC) residential levels for migration from soil lo groundwater (IDEM, July 2001). 
delennlned lhal a conslituenl concenlrallon was not slgnillcanty dllferenl from background, that J = Estimated value. 
chemical was no1 selected as a COPC. N = Noncarcinogen. 

5 Soil Screening Guidance: Technical Background Document. (U.S. EPA. May 1996) The migration lo NA = No1 applicabWnot available. 
groundwaler value represents a dilution and attenuation lactor (DAF) 01 1 sat = Soil saturation concentration. 

6 Res~dent~al levels lor migration from soil to groundwaler (IDEM. July 2001). 
7 The chemlcal IS selecled as a COPC 11 the maxlmum detected concentration exceeds any screening level. Rationale Codes: 
8 Acenaphlhene IS used as a surrogate for acenaphthylene. For Selection as a COPC: 
9 Pyrene is used as a surrogale for benzo(g.h.~)perylene and phenanlhrene. ASL =Above COPC screening IeveVARAMBC. 

For Elimination as a COPC. 
BKG = Within background levels. 

Assoc~ated Sam~les. BSL =Below COPC screening ieveVARAMBC 
10SB010002 I OSB060002 NTX = NO lox~city ~nformatlon. 
10SB020002 10SB070002 NUT = Essential nutrient. 
10SB030002 1 OSB080002 
10SB040002 10SB090002 Shaded cells indicate lhal the specified criler~on or background level has been exceeded or that the chemlcal has been selected as a COPC. 
10SB050002 10SB100002 

CAS 
Number 

MISCELLANEOUS 

Chemical 

PARAMETERS 
CATION EXCHANGE CAPACITY 
PH 
TOTAL ORGANIC CARBON 

Minimum 
concentration 

(1) 

1.5 
8 

1600 

Qualifier 

J 
J 

Maximum 
Concentration 

(1 

10 
8 5 

1900 

" , " U ~ ~ ~ ~  
Units 

J lmeq1100 d 10SB020002 
J I S.U. 1 lOSB080002 

I mukg 1 10SB020002 

Location of 
~ a x i m u m  

Concentration 

212 
2/2 
2/2 

Detection 
Frequency 

(1) 

... 10 

... 1 8.5 

... 1 1900 

Range of 
Nondelecls 

NA 
N A 
NA 

Concentration 

N A 
N A 
NA 

Site Above 
Backy4g.und 7 

N A 
N A 
N A 

USEPA 
Generic SSL 
for Migration 

to 
Groundwater 

NA 
NA 
NA 

USEPA 
Generic 
SSL for 

Soil to Air 

(5) 

NO I NTX 
NO I NTX 
No I NTX 

IDEM SSL for 
Migration to  

Groundwater (6) 

COPC 
Flag 

Rationale for 
Contaminant 
Deletion Or 

Setectlon (7) 





OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACEISUBSURFACE SOIL 
SWMU 10 - ROCKEVE 

NSWC CRANE. CRANE. INDIANA 
PAGE 2 OF 2 

Scenarlo Tlmeframe: CurrenUFuture 
Medlum: Soll 
Exposure Medium: SurlacelSubsurlace Sd l  
Exposure Polnl: SurlaceJSubsurlace Soil 

Foolnotes: 
1 Only Ihe original of duplocale sample was used for COPC selection. The dupllcale was used for quallly contrl 
2 Values presented are sample-specillc quanlltallon limils. 
3 The maximum detected concenlralion is used lor screenlng purposes. 
4 TO determine whether metal concentrations were wllhtn background levels, soil concenlrallons were 

compared lo base-wide background data presented in the Basewide Background Soil invesllgal~on Report 
(TINUS. Im.. January 2001) by means 01 the Wilcoxon Rank Sum Test. If the Wilcoxon Test 
delerm~ned lhat a consliluenl concenlralion was no1 signillcanly dlllerent from background. lhal 
chemical was not selected as a COPC. 

5 The risk-based soil COPC screening level lor resldenllal land use IS presented. The value is based on a 
large1 Hazard Ouolienl ol  0.1 lor noncarctnogens (denoted with a " N  Iiag) or an lncremenlal cancer 
risk 01 1 E-6 lor carcinogens (denoled wllh a "C" Ilag) (U.S. EPA. Reglon 9. November 2000). 

6 The chemlcal is selected as a COPC il Ihe maxlmum delecled concentrallon exceeds the rek-based 
COPC screening level andlor an ARAMBC(s). 

7 Acenaphthene is used as a surrogate lor acenaphthylene. 
8 Pyrene is used as a surrogate lor benzo(g.h.i)perylene and phenanthrene. 
9 Value is lor amlnodlnllrololuenes (U.S. EPA. Reglon 3. Oclober 2001) 
10 Hexavalenl chromium. 
11 OSWER soil screening level lor residenl~al land use (U S. EPA, July 1994) 
12 Value IS for mercuric chloride (U S. EPA. Reg~on 3. October 2001) 

CAS 
Number 

11 purposes only. 
Delinilions: 
ARAWBC = Applicable or Relevant and Appropr~ale Requ~remenVto be considered. 

Cnemlcal 

CAS = ~ n e m c a ~  abslract serv ces 
COPC = Chemca ol potentnat concern 
IDEM = lndlana Department 01 Environmenlai Management, Risk Integrated System o l  

Closure (RISC) residenlial levels lor dlrect conlacl with soil (IDEM. July 2001). 
J = Eslimaled value 
N = Noncarcinogen. 
NA = Not applcable/not available 
sat = Snl saturallon concentrallon. 
Ralionale Codes: 
For Selecllon as a COPC: 
ASL = Above COPC screenlng IeveVARAWBC. 

For Elimination as a COPC: 
BKG = Wilhin background levels. 
BSL = Below COPC screening IevellARAWBC. 
NTX = NO toxicily inlormalion. 
NUT = Essenltal nulrienl. 

Mlnlmum 
Concentration 

(1) 

Shaded cells lndlcafe lhat the specllled crlter~on or background level has been exceeded or lhal Ihe chemical has been selected as a COPC 

t,"z/,": 
Maxlmum 

  on cent ration 
(1 

" , " ~ ~ ~ ~ ~  unlls 1 t:~y 1 I:zi; 1 +5 1 c$:c 1 c:r; 1 ?%:: 1 1 mt:rr 1 Range of 1 
Concentration Frequency Nondetects (2) S c U ~ ~ ~ 8 r ~ s  

Selection (6) 
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OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACwSUBSURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
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Scenario Timeframe: CurrenVFuture 
Medium: Soil 
Exposure Medium: SurieceEubsuflace Soil 
Exposure Point: SurieceEubsurface Soil 

Rationale lor 

  on cent ration 

(4, 
Soil to Air 

Selection (7) 

EXPLOSIVES 

MISCELLANEOUS PARAMETERS 
[CATION EXCHANGE CAPACITY I 1.5 1 J I 10 I J ~rneq/100g)020002,10Sp0~ 7/7 1 ... I 0  I NA I NA I NA I NA I NO I NTX 
[pH I 5.2 1 J I 0.5 1 J I S.U. ~ o a o o o n . ~ o s ~ o e ~  7 n  I ... I a 5  I NA I NA I NA I NA I No I NTX 

[TOTAL ORGANIC CARBON 1 1600 1 1 3200 1 I rnglkg I 10SB090204 1 617 1 1000 1 3200 1 NA I NA I NA I NA I No I NTX 



TABLE 7-15 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION PATHWAYS FROM SURFACVSUBSURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE. CRANE. INDIANA 
PAGE 2 OF 2 

Footnot= 
I Only the original of duplicate sample was used for COPC selection. The duplicate was used for quality control purposes only 
2 Values presented are sample-specific quant~tation limits. 
3 The maximum detected concentration is used lor screening purposes. 
4 To determine whether metal concentratlons were within background levels, soil concenlrattons were 

compared lo base-wide background data presented in the Basewide Background So11 lnvest~gatlon Report 
(TtNUS. Inc.. January 2001) by means o l  the Wilcoxon Rank Sum Test. If the Wilcoxon Test 
delermlned that a constituent concentration was not signilicanly different from background, lhat 
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 lactor (DAF) o l  1. 

6 Residential levels lor migration lrom soil to groundwater (IDEM. July 2001). 
7 The chemical is selected as a COPC if the maximum detected concentration exceeds any screening level 
8 Acenaphthene is used as a surrogate lor acenaphthylene. 
9 Pyrene is used as a surrogate lor benzo(g.h.i)perylene and phenanthrene. 

Definitions: 
ARARABC = Applicable or Relevant and Appropriate RequiremenVto be considered 
C = Carcinogen 
CAS = Chemlcal abstract servlces 
COPC = Chemlcal of potentla1 concern 
IDEM = lndlana Department of Env~ronmenlal Management. Rlsk Integrated System ol  

Closure (RISC) resldent~al levels lor mlgrallon lrom so11 lo groundwater (IDEM July 2001) 
J = Estimated value 
N = Noncarclnogen 
NA = Not appldcablelnot available 
sat = So11 saturation concentratdon 

Rationale Codes: 
For Selection as a COPC: 
ASL = Above COPC screening IevellARARlElC. 

Associated Sam~les. 
For Elimination as a COPC: 
BKG = Within background levels. 
BSL = Below COPC screening IevellARARlElC 
NTX =No toxdcily inlormalion. 
NUT s Essenl~al nulrienl. 

Shaded cells ind~cate thal Ihe specilied criterion or background level has been exceeded or that the chemical has been selected as a COPC 



OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 10 - ROCKEYE 

NSWC CRANE. CRANE. INDIANA 

Scenario Timeframe: CurrenVFulure 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

Chemical 

PAGE 1 OF 2 

7439-97-6 

7440-02-0 

7440-09-7 

7782-49.2 

MERCURY 

-m 
POTASSIUM 

SELENIUM 

16/17 5000 252000 I I - N A 

7440-28-0 
- 

1/17 1 1.2 ND 

- - 

1211 7 10 1660 ND 

0.2 
- - 

12 

8150 

1.3 

NA 
N A 

J 

J 

2 
2 

11000 5000 IDEM 

FED-MCL 
IDEM 

0.2 

- 

695 

10200 

9 3 

No 

- - 

J 

NUT 

Vg/L 

vg/L 

pglL 

vg/L 

10GW1701 

- 

10GWC31P301 

10GWC4101 

10GWC41P301 

1/17 

12/17 

4/17 

7/17 

- 
0.2 

10 

5000 

1 

0.2 

---- 
695 

10200 

9.3 

ND 

ND 

ND 

ND 

1.1(9) N 

N A 

18 N 

N A 
2 
2 -- 

NA 
730 
NA 
N A 
50 
50 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 

NO 

No 

No 

BSL 

m- 
NUT 

BSL 



TABLE 7-1 6 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUND WATER 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

fool note^: Definitions: 

1 Only Ihe original of duplicate sample was used lor COPC selecllon. The dupiicale was used lor quality COnlrOl purposes Only. ARAR/TBC = Applicable or Relevant and Appropriale RequlremenVto be considered. 
2 Values presenled are sarnple.specific quanlilalion limits. C = Carcinogen. 

3 The maximum delecled concenlratlon is used for screening purposes. CAS = Chemical abslracl services. 
4 TO determine whether metal concentralions were wilhln background levels, maximum groundwater concenlralions were COPC = Chemical of potential concern. 

compared to concenlralions in upgradient groundwaler sample lOGWC5201. If the concenlration in Ihe sile groundwater J = Eslimaled value. 
concentration was less lhan the upgradienl concentralion, lhal metal was not selected as a COPC. N = Noncarc~nogen. 

5 The risk-based COPC screening level lor lap waler use is presenled. The value IS based on a NA = Not analyzed 1 no1 applicable. 
IargetHzard Quotient of 0.1 lor noncarcinogens (denoted with a "N' flag) or an incremenlal cancer ND = Not delected. 
risk of 1E-6 for carcinogens (denoled wilh a " C  flag) (US EPA. Region 9. Oclober 2000). FED.AL = Federal aclion level (U.S. €PA. 2000). 

6 The chemical IS selected as a COPC il the maximum detected concentration exceeds Ihe risk-based FEO-MCL : Federal Maximum Conlaminanl Level (U.S. EPA. 2000). 
COPC screening level andior an ARARITBC(s). IDEM = Indiana Depanment of Environmenlal Management. Risk Inlegrated System of 

7 Value is for aminodinitrololuenes (U.S. EPA, Region 3. Oclober 2001). Closure (RISC) residential closure levels for groundwaler (IDEM. July 2001) 
8 Secondary MCL, based on aeslhelic water quality (i.e.. color, odor, taste, etc.). 
9 Value 1s lor mercuric chloride (U S. EPA, Region 3, October 2001). Rali~nale Codeg. 

For Seleclion as a COPC: 
ASL = Above COPC screening ievel/ARAR/TBC. 

Associaled Samples: 
For Elimination as a COPC: 

10GW0201 lOGWC3501 10GWC26F lOGWC41P301 BKG = Withln background levels. 

10GW0301 10GWC35P201 10GWC31[ 10GWC5501 BSL = Below COPC screening leveVARAR/TBC. 

lOGW1601 10GWC3701 1OGWC31F IOGWC55P201 NTX =No loxlclty Informalion. 
10GW1701 10GWC37P301 10GWC33(10GWC5701 NUT = Essential nulrient. 
10GWC2601 10GWC4101 1OGWC33F 10GWC5701-F 

Shaded cells Indicate lhal the specilied criterion or background level has been exceeded or that Ihe chemical has been selected as a COPC. 

Scenarlo Timelrame: CurrenVFuture 
Medlum: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

Rallonale lor 

Chemical 

7440-23-5 SODIUM. FILTERED 22400 J 22400 J pS/L lOGWC5701-F 5000 22400 N A N A NA FED-MCL No NUT 

PAGE 2 OF 2 

N A 
7440.66.6 ZINC. FILTERED I14 114 L 10GWC5701-F 111 10 114 N A 1100 N 5000 

1 lo00 - 

MISCELLANEOUS PARAMETERS 
40 300 p q L  10GW0201 515 ... 300 N A 10000 

N A 
NITRITE/NiTRATE 90 400 pg/L 10GW1701 3/12 10-250 400 N A 1000 N NA 

N A 

IDEM 
FED-MCL 

IDEM 

FED-MCL 
IDEM 

FED-MCL 
IDEM 

No 

No 

No 

BSL 

BSL 

BSL 



OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 10 - ROCKEYE 

NSWC CRANE. CRANE, INDIANA 
PAGE 1 OF 2 

Chemical I ~oncent ra l ion "":: I z::eT I Concentration I I I Locallonof Maximum I ~ i ~ ~ ~ ~ y l  N z g  
~ua l l f l e r  Units Concentration 

I 
EXPLOSIVES 

I I 
INORGANICS 

1.8 p@L 10SW0901 l a 1 2  ... 

7440-39-3 BARIUM 24.1 86 4 p@L 10SW0901 l a 1 2  ... 
I I I I I I I I I 

7440-70-2 CALCIUM 6540 85900 p@L 10SW0901 12/12 ... 

7440-50-8 ICOPPER 1 2 I I 2 I ] vglL 1 10SW0901 1 1112 1 2 

743949.6 ' a  181 J 1120 J pqL  lOSWllOl 12/12 ... 

7439-95-4 MAGNESIUM 7560 J 11100 J vglL 10SW0901 2/12 5000 

7439-96-5 25.7 J 125 J pgiL lOSWO8Ol 10112 15 

7440.23-5 SODIUM 5100 J 1 10000 J pgiL 10SW0901 10112 5000 

7440-66-6 ZINC ~ g i L  10SW0901 z 1 2  I 0  

FILTERED METALS 

7440-23.5 SODIUM. FILTERED 5280 J 106000 J pglL lOSW0901-F 10112 5000 

7440-66-6 ZINC. FILTERED 10.3 102 p@L 1OSWO901-F Z12 10 

2000 IDEM 
85900 N A N A NA FED-MCL No NUT 

N A IDEM 
2 NA 140 N 1000 FED-MCL No BSL 

1300 IDEM - 
1120 N A FED-MCL 

N A IDEM 
11100 N A NA N NA FED-MCL NO I NUT 

125 N A 

1 10000 N A N A N A FED-AL No I NUT 

I I 
11000 IDEM 



TABLE 7-1 7 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 
SWMU 10 - ROCKEVE 

NSWC CRANE. CRANE. INDIANA 

Footnotes: 

I Only the or~ginal 01 duplicate sample was used lor COPC selection. The duplicale was used tor quallty conlrol purposes only. 
2 Values presented are sample-spec~lic quanlltat~on llmlts 
3 The maxlmum detected concentrallon is used lor screenlng purposes. 
4 NO upgradlent locallons could be delermlned lor surlace waler at SWMU 10. Therelore. no conslltuenls were eliminated on Ihe basis ol background. 
5 The rsk-based COPC screening level lor tap water use is presenled. The value is based on a 

target Hazard Ouotlent o l  0.1 lor noncarclnogens (denoted with a ''N' Ilag) or an Incremental cancer 
risk 01 1 E-6 lor carcinogens (denoled w~lh  a "C" Ilag) (U.S. EPA, Region 9. October 2000) 

6 The chemical 1s selected as a COPC 11 the rnaxlmum detected concenlratlon exceeds the rlsk-based 
COPC screenlng level andlor an ARAFUTBC(s) 

7 Value is for amlnodinilrotoluenes (U S. EPA, Reg~on 3. October 2001). 
8 Secondary MCL, based on aeslhelic waler quallly (1.e.. color, odor, lasle, ee.). 

ScenarloTlmeframe: CurrenUFuture 
Medlum: Surface Water 
Exposure Medium: Surface Water 
Exposure Polnt: Entlre Slte 

CAS 
Number 

MtSCELLANEOUS 

14797-55-8 

Associated Samples: 

PAGE 2 OF 2 

10SW0101 
IOSWOIOI-F 
10SW0201 

IOSWOZOI-F 
10SW0301 

IOSWO301-F 
lOSW0401 

lOSWO401-F 

Delln~llons 
I I 

ARAFUTBC = Applicable or Relevant and Appropriate RequiremenVto be consodered. 
C = Carcinogen. 
CAS = Chemcal abstract services. 

COPC = Chem~cal ol potential concern. 
J = Estimated value. 
N = Noncarcinogen. 
NA = Not analyzed / not appllcable. 
ND = NOI detected. 
FED-AL = Federal acllon level (U S. EPA. 2000). 
FED-MCL = Federal Maximum Contaminant Level (U.S. EPA. 2000). 
IDEM = Indiana Department of Environmental Management. R~sk lntegraled System 01 

Closure (RISC) res~dential closure levels lor groundwater (IDEM. July 2001). 

Ralionale Codes: 

For Select~on as a COPC: 
ASL =Above COPC screenlng IeveVARAFUTBC. 

For Elimination as a COPC: 
BKG = Wllhln background levels. 
BSL = Below COPC screening IevellARAFUTBC. 
NTX = NO toxicity inlormalion. 
NUT = Essential nutrienl. 

Range of 
NOndetects'" 

... 

... 

2 

Detection 
Frequency 

( 8 ,  

12/12 

12/12 

10112 

Chemlcal um 

Shaded cells lnd~cate that the spec~l~ed crlterlon or background level has been exceeded or thal the chemical has been selecled as a COPC. 

PARAMETERS 
HARDNESS 

NITRATE 

TOTAL SUSPENDED SOLIDS 

Concentration 
Used lor 

screenlngI3, 

260 

1.6 

50 

27 

0.09 

3 

Upgradient 
Sample 

concentration (4) 

N A 

N A 

N A J 

RISk-Based 
COPC 

Scrwnfng 
 eve^"' 

N A 

1000 N 

N A 

260 

1.6 

50 

value 

N 
N 

10000 
N 
N 
N 

$:$:C 
Source 

FED-MCL 
IDEM 

FED-MCL 
IDEM 

FED-MCL 
IDEM 

J 

COPC 
Flag 

NO 

NO 

No 

Rationale lor 
contaminant 
Deletion Or 

selecllon"' 

BSL 

BSL 

BSL 

Vg/L 

L 

p@L 

10SW0901 

lOSWO901 

IOSWO901 



TABLE 7-18 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WrrH SEDIMENT 
SWMU 10 - ROCKEYE 

NSWC CRANE. CRANE, INDIANA 
PAGE 1 OF 2 

Scenario Timeframe: Future 
Medium: Soil 
Exposure Medium: Sedimenl 
Exposure Point: Sedimenl 

C AS 
Number 

EXPLOSIVES 
12691-41-0 IHMX I 51 I I 51 I 1 mgkg l  10SD070006 1 1112 1 0.5 - 0 5 1 5 1 1 NA 1 310 N I NA I IDEM I No I BSL I 
INORGANIC9 

Minimum 
~oncen l ra l ion  

(1) 

Chemical 
Qualifier 

Upgradient 
Sample 

Concentratio 

n (4) 

Maximum 
  on cent ration 

(1) 

Risk-Based 
COPC 

Screening 
Level (5) 

Qualifier 

Potential 
ARAmBC 

Value 
Units 

Potential 
ARAmBC 

Source 

Location of 
Maximum 

Concentration 

COPC 
Flag 

Rationale for 
Contamlnant 
Deletion or 

Selection (6) 

Detection 
Frequency 

(,) 

Range Of 
Nondetects (2) 

Concentration 

S c ~ e ~ n ~ ~ ~ r ( J )  
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OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT 
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NSWC CRANE. CRANE, INDIANA 
PAGE 2 OF 2 

Footnotes: 
1 Only the original of duplicate sample was used for COPC selection. The duplicate was used lor quality control purposes only 
2 Values presented are sample-speciflc quantitation limits. 
3 The maximum detected concentration is used for screening purposes. 
4 No upgradlent locations could be determined lor surface water at SWMU 10. Therefore, no constituents were eliminated 

on the basis of background. 
5 The rlsk-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 ol  1E-6 lor carcinogens (denoted with a "C' flag) (U.S. EPA. Region 9. November 2000). 

6 The chemlcal is selected as a COPC if the maximum delected concentration exceeds the rlsk-based 
COPC screening level andlor an ARARflBC(s). 

7 Hexavalent chromium. 
8 OSWER soil screening level for residentlal land use (U.S. EPA. July 1994). 

Delinittons: 
ARAMBC = Applicable or Relevant and Appropriate RequiremenVto be considered. 
C =Carcinogen. 
CAS =Chemical abslract services. 
COPC = Chemical o l  potenlial concern. 
IDEM = Indiana Departmenl ol Environmenlal Management. R~sk Integrated System of 

Closure (RISC) res~denlial levels lor direct contact wllh soil (IDEM, July 2001) 
J = Estimated value. 
N = Noncarc~nogen. 
NA = Not appl~cablelnot available. 
sat = Soil saturation concentration. 

Rationale Codes: 
For Selection as a COPC. 

ASL = Above COPC screening IevelIARARflBC 

For Elimination as a COPC: 
BKG = With~n background levels. 
BSL = Belo* COPC screening IevellARARflBC 
NTX =No toxicily ~ntormation. 
NUT = Essential nutrient. 

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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Rationale tor Selection or Exclusion o t  Exposure Pathway 

Infrequent excavation actlvlties may occur at the site and 
excavationlconstruction projects may occur in the tuture. 

lnlrequent excavation aclivities may occur at the site and 
excavation/con~truction projects may occur in the future. 

Exposure is evaluated qualitatively by a comparison of site data to U.S. EPA 
generic SSLs for translers from soil to air. 
NSWC Crane is an actlve facility and maintenance activities, such as 
groundskeeping, may be performed at the site. 

NSWC Crane is an active facllity and maintenance activities, such as 
groundskeeping, may be performed at the site. 
SWMU 10 is currently an active slte and workers may be exposed during work, 
related activities. 

SWMU 10 is currently an active slte 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 the base, access to the 
study areas is not limited by any physical constraints. 

Potentla1 rlsks 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 sim~lar to adolescent trespassers. Risks lor 
this receptor will be lnlerred using the calculated risks for the adolescent 
trespasser. 

Exposure is evaluated qualitatively by a comparison ol site data lo U.S. EPA 
generic SSLs(5) for transfers lrom soil to air. 
Minimal exposure is anticipated (i.e.. so low that it is not worth quantilying). 

Excavation/construction activities may occur at the site and workers may be 
exposed by direct contact with ground water. 

Direct contact wlth 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. 

Scenario 
Timeframe 

CurrenVFuture 

Medium 

Surface1 
Subsurface So11 

Surface Soil(2) 

Ground Water 

Exposure 
Medium 
Surface1 

Subsurlace Soil 

Air 

Surface Soil 

Air 

Ground Water 

Ground WaterIA~r 

On-Sit* 
Off-Site 
On-site 

On-site 

On-s~te 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-s~te 

On-site 

On-site 

Exposure 
Route 

Ingestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

lngestion 

Dermal 

lngest~on 

Dermal 

Ingestion 

Dermal 

Inhalation 

lngestion 

Dermal 

lngestion 

Dermal 

lnhalation 

- 

Type of 
Analysis 

Ouant 

Ouant 

Qual 

None 

None 

None 

None 

Ouant(3) 

Ouant 

None 

None 

Oual(4) 

None 

Ouant 

None 

None 

None 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 

Entire Site 

Vapors and Particulates in 
Air - Entire Site 

Surficial Aqu~fer 

Surfic~al Aquiler 

Excavat~on/Construction 
Workers 

Excavation/Construction 
Workers 

Ma~ntenance Workers 

Occupational Workers 

Trespassers 

Workers and Trespassers 

Excavation/Construction 
Workers 

Maintenance Workers. 
Occupational Workers. 

and Trespassers 

FP 

Receptor 
Age 
Adult 

Adult 

Adult 

Adult 

Adolescent 

Adult 

Adult and 
Adolescent 

Adult 

Adult and 
Adolescent 
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Scenario 
Timeframe 

CurrenVFuture 

Future 

Medium 

Surface Water 

Sediment 

Surface Soil 

Exposure 
Medium 

Surface Water 

Air 

Sediment 

Air 

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 - Enlire Site 

Entire Site 

Vapors and Particulates in 
Air -Entire Site 

Receptor Population 

Construction/Excavation. 
Maintenance, and 

Occupational Workers 

Trespassers 

Workers and Trespassers 

Construction/Excavation. 
Maintenance, and 

Occupational Workers 

Trespasser 

Workers and Trespassers 

Recreational Users 

Residents 

Recreational Users and 
Residents 

Owsite/ 
Off-Site 
On-site 

On-site 

On-site 

On-slle 

On-site 

On-site 

On-site 

On-s~te 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

Age 
Adult 

Adolescent 

Adult 

Adult and 
Adolescent 

Adult 

Adolescent 

Adult 

Adult and 
Adolescent 

Adult 

Child and 
Adult ' 

Child and 
Adult 

Type Of 

Analysis 
None 

None 

Quant 

Quant 

None 

None 

None 

None 

None 

Quant 

Quanl 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

Qua! 

Route 
lngestion 

Dermal 

lngestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Ingestion 

Dermal 

Ingestion 

Dermal 

Inhalation 

Rationale for Selection or Exclusion of Exposure Pathway 

M~nimal exposure is anticipated (i.e.. so low that it is not worth quantilying). 

Minimal exposure is ant~cipated (i.e.. so low lhat it is not worth quantilying). 

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 lo the 
study areas is not limited by any physical constraints. 

Potential risks are assumed to be sirn~lar to adolescent trespassers. Risks for 
this receptor will be inlerred using the calculated risks for the adolescent 
trespasser. 

Potential risks are assumed to be similar to adolescent trespassers. Risks lor 
this receptor will be inferred using the calculated r~sks for the adolescent 
trespasser. 

Minimal exposure to vapors emined from surface water IS ant~cipated (i.e.. so 
low such that it is not worth quantifying). 

Minimal exposure is anticipated (i.e.. so low that it is not worth quanlifying). 

Minimal exposure is anticipated (i.e.. so low that it is not worth quantilying). 

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 lor 
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 inlerred using the calculated risks for the adolescent 
trespasser. 

Minimal exposure is anticipated (i.e.. so low that it is not worth quantilying). 

This scenario is evaluated on the assumption that the Facility would close and 
be turned into a state park in the future. 

Thls scenario is evaluated on the assumption that the Facility would close and 
be turned into a slale park in the future. 

Although the scenario is unlikely, a residential scenario is included to aid in 
luture risk management decisions. 

Although the scenario is unlikely, a residential scenario is included to aid in 
future risk management decisions. 

Exposure is evaluated qualitatively by a comparison ol site data to U S  EPA 
generic SSLs for transfers lrom soil to air. 
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PAGE 3 OF 3 

Air Vapors Recreational Users 

I Resident 

Child and 
Adult 

Dermal 

Dermal 

lnhalation 

lnhalation 

On-site Quant t 
On-site Quant 

On-site Quant I 

users. 
Direct contact with ground water IS not expected to occur for luture recreational 
users. 
Although it IS unlikely that shallow ground water at the site would be used as a 
domestic water supply, this scenarlo is included to aid in luture risk 
management dec~sions. 

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 antic~pated (i.e.. so low thal 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 lulure risk 
management decisions. 

kSur face Water I Surface Water tOn-site Streams Ponded 1 Recreational Users 1 Aduh ( Ingestion ( Ohsite I Quant IThs scenario 1s evaluated on the assumption that the Fac~Iity would close and 1 

I Air 

I Water and Draingeways I be turned into a state park in the tuture. I Dermal I On-site ( Quant I This scenario is evaluated on the assumption that the Facility would close and 1 
Adult future risk management decisions. I ( DUM I On-site I Quant I Although the scenario is unlikely, a residential scenario is included to aid in I 

t I 

Footnotes: 
1 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. 
2 Surface soil is defined as soil collected from 0 to 2 feet below ground surface (bgs). 
3 Quantital~ve. 
4 Qualitative. 

5 Soil Screening Lwels (U.S. EPA. May 1996). 

I Ibe turned into a state park in the luture 

- 
On-site Streams. Ponded 
Water and Draingeways 

On-slte Streams. Ponded 
Water and Draingeways 

On-site Streams, Ponded 
Waler and Draingeways 

Residents I Child and I Ingestion 1 On-site I Quant l ~ l t h o u ~ h  the scenario is unlikely. a residential scenario is included to aid in 

Recreational Users and 
Residents 

Recreational Users 

Residents 

Recreattonal Users and 
Residents 

Child and 
Adult 
Adult 

Adult and 
Child 

Child and 
Adult 

lnhalat~on 

Ingestion 

Dermal 

Ingestion 

Dermal 

lnhalation 

On-site 

On-site 

On-site 

On-site 

On-site 

On-site 

None 

Quant 

Quant 

Quant 

Quant 

None 

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 waluated 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 luture. 

Although the scenario is unl~kely, 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 decis~ons. 

Minimal exposure to vapors emitted from surface water is anticipated (i.e.. so 
low that it IS not worlh quantifying). 



TABLE 7-20 

EXPOSURE POINT CONCENTRATIONS (EPCs) FOR COPCs 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

1 The exposure concentration is the 95% upper confidence limit (UCL) based on distribution of the 
data set (best fit of normal or lognormal), unless othervise 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 concern for this medium. 

Exposure Point Concentration 

Chemical of Potential Concern 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 
DlBENZO(A,H)ANTHRACENE 

2-AMINO-4,6-DINITROTOLUENE 
4-AMINO-4,6-DINITROTOLUENE 

2,6-DINITROTOLUENE 

(mgkg) 
0.53'~' 

0.99"' 

0.96"' 

0.2'~' 
0.32 

NA(~ '  
N A 

(mgkg) 
0.53"' 

0.99'~' 

0.96'~' 

0.2'~' 
0.28 

NA 
NA 

(mglL) 
NA 

NA 

N A 
N A 

0.0004 1 '3' 

0.00088 

NA 

(n'@kg) 
NA 

N A 

N A 
NA 

NA 
NA 

NA 

(mglL) 
N A 
NA 

N A 
NA 

0.004 

0.0065 

0.00055 
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- . - - - - . . - . . - - - - - 
Ingestion of Groundwater N A I N A I N A N A I N A I 3.8E+01 I 1.3E+02 - . -  . . .., I 

Future Child 
Resident 

HAZARD INDEX 

Exposure Route 

Dermal Lontact wltn 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

Maintenance 
Worker 

1.6E+00 

N A 

N A 

N A 

1.3E-02 

4.8E-03 

N A 

N A 

N A 

N A 

1.6E+00 

Adolescent 
Trespasser 

Future Adult 
Resident 

Occupational 
Worker 

N A 

N A 

5.1 E-04 

3.3E-04 

N A 

N A 

N A 

N A 

N A 

N A 

8.4E-04 

Adult 
Recreational User 

N A 

N A 

5.3E-03 

3.5E-03 

N A 

N A 

N A 

N A 

N A 

N A 

8.7E-03 

N A 

N A 

1 .1 E-03 

4.4E-04 

N A 

N A 

1.6E-02 

1.1 E-02 

4.6E-02 

3.7E-02 

1.1 E-01 

N A 

N A 

8.9E-04 

6.8E-04 

N A 

N A 

2.7E-03 

3.8E-03 

3.7E-02 

2.5E-03 

4.8E-02 

3.4E+00 

N A 

7.4E-03 

3.OE-03 

N A 

N A 

1.1 E-01 

7.4E-02 

3.1 E-01 

1.1 E-02 

4.2E+01 

1 .OE+01 

N A 

6.9E-02 

1.4E-02 

N A 

N A 

1 .OE-01 

7.6E-02 

2.9E+00 

5.1 E-02 

1.5E+02 
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SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

INCREMENTAL CANCER RlSK 

NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical specific risks presented in Appendix G-3. 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Suriace/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

Construction 
Worker 

N A 

1.4E-08 

N A 

N A 

N A 

4.OE-07 

1.9E-07 

N A 

N A 

N A 

N A 

6.OE-07 

Maintenance 
Worker 

' NA 

N A 

N A 

3.4E-07 

2.9E-07 

N A 

N A 

N A 

N A 

N A 

N A 

6.3E-07 

Occupational 
Worker 

N A 

N A 

N A 

3.5E-06 

3.OE-06 

N A 

N A 

N A 

N A 

N A 

N A 

6.6E-06 

Adult 
Recreational User 

N A 

N A 

N A 

8.9E-07 

4.6E-07 

N A 

N A 

5.4E-07 

7.5E-08 

2.6E-06 

7.1 E-06 

1.2E-05 

Adolescent 
Trespasser 

N A 

N A 

N A 

2.6E-07 

2.6E-07 

N A 

N A 

3.2E-08 

9.4E-09 

7.7E-07 

1 .BE-07 

1.5E-06 

Future Adult 
Resident 
1.5E-04 

1.2E-06 

N A 

4.8E-06 

2.5E-06 

N A 

N A 

2.9E-06 

4.OE-07 

1.4E-05 

1.7E-06 

1.7E-04 

Future Child 
Resident 
1.3E-04 

6.9E-07 

N A 

1.1 E-05 

2.9E-06 

N A 

N A 

6.8E-07 

1 .OE-07 

3.3E-05 

2.OE-06 

1.8E-04 
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Exposure Route 

HAZARD INDEX 
Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Hazard: 

Construction 
Worker 

N A 

1 .OE+00 

N A 

N A 

N A 

6.6E-03 

1.4E-03 

N A 

N A 

N A 

N A 

l.OE+OO 

Future Child 
Resident 

5.8E+01 

3.4E+00 

N A 

2.3E-02 

1.6E-03 

N A 

N A 

3.4E-02 

2.4E-02 

9.6E-01 

5.9E-03 

6.3E+01 

Maintenance 
Worker 

N A 

N A 

N A 

1.3E-04 

1.7E-05 

N A 

N A 

N A 

N A 

N A 

N A 

1.4E-04 

Adult 
Recreational User 

N A 

N A 

N A 

2.7E-04 

2.7E-05 

N A 

N A 

4.1 E-03 

2.9E-03 

1.1 E-02 

3.7E-03 

2.2E-02 

Occupational 
Worker 

N A 

N A 

N A 

2.3E-03 

3.OE-04 

N A 

N A 

N A 

N A 

N A 

N A 

2.6E-03 

Adolescent 
Trespasser 

N A 

N A 

N A 

2.2E-04 

5.5E-05 

N A 

N A 

6.7E-04 

8.1 E-04 

9.3E-02 

2.OE-04 

1.1 E-02 

Future Adult 
Resident 

2.7E+01 

1.5E+00 

N A 

3.7E-03 

3.7E-04 

N A 

N A 

3.7E-02 

2.6E-02 

1 .OE-01 

9.1 E-04 

2.8E+01 
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NOTES 
NA - Not applicable; exposure route is not applicable for this receptor. 
Chemical specific risks are presented in Appendix G-3. 

INCREMENTAL CANCER RISK 

Exposure Route 

Ingestion of Groundwater 
Dermal Contact with 
Groundwater 

Inhalation of Volatiles from 
Groundwater While Showering 

lncidental lngestion of Surface 
Soil 
Dermal Contact with Surface 
Soil 
lncidental lngestion of 
Surface/Subsurface Soil 
Dermal Contact with 
Surface/Subsurface Soil 
lncidental lngestion of Surface 
Water 
Dermal Contact with Surface 
Water 
lncidental lngestion of 
Sediment 

Dermal Contact with Sediment 

Total Risk: 

Construction 
Worker 

N A 

1 .OE-08 

N A 

N A 

N A 

2.OE-07 

5.4E-08 

N A 

N A 

N A 

N A 

2.6E-07 

Maintenance 
Worker 

N A 

N A 

N A 

3.1 E-08 

5.2E-09 

N A 

N A 

N A 

N A 

N A 

N A 

3.6E-08 

Occupational 
Worker 

N A 

N A 

N A 

5.6E-07 

9.5E-08 

N A 

N A 

N A 

N A 

N A 

N A 

6.5E-07 

Adult 
Recreational User 

N A 

N A 

N A 

6.6E-08 

8.6E-09 

N A 

N A 

4.1 E-08 

6.9E-09 

1.9E-07 

2.1 E-07 

5.3E-07 

Adolescent 
Trespasser 

N A 

N A 

N A 

6.6E-08 

2.1 E-08 

N A 

N A 

8.1 E-09 

2.3E-09 

1.9E-07 

1.4E-08 

3.1 E-07 

Future Adult 
Resident 
3.OE-05 

2.2E-07 

N A 

7.OE-07 

9.OE-08 

N A 

N A 

2.8E-07 

4.8E-08 

1.4E-06 

4.1 E-08 

3.3E-05 

Future Child 
Resident 
1.9E-05 

1.3E-07 

N A 

1.2E-06 

1.1 E-07 

N A 

N A 

7.6E-08 

1.2E-08 

3.6E-06 

7.6E-08 

2.4E-05 
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Chemical of ~oncern"' Impact on Human Receptors Comments 

SURFACE SOIL 

PAHs Occupational worker ILCR = 6.3E-6, 
Residential ILCR = 2.1E-5 

Total risks for soil are less than 1.OE-4 for all receptors. Concentrations of PAHs in 
soil are within levels occurring in soil in the U.S. 

GROUND WATER 

2-Amino-4,6-dinitrotoluene 

4-Amino-2,6-dinitrotoluene 

2,4.6-Trinitrotoluene 

RDX 

HMX 

Arsenic 

Beryllium 
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. 

Risks for iron are based on the hypothetical future residential use of ground water. 
Adult resident HQ = 4.3, 

Iron Risks calculated for iron are not based on adverse health effects but rather on 
Child resident HQ = 15 recommended daily 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 

Manganese 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 magnesium). 
Risks for nickel are based on the hypothetical future residential use of ground 
water. Only the risk for the future child resident exceeds unity. Particulate matter in 

Nickel Adult resident HQ = 0.98, the unfiltered samples may have caused ground water concentrations to be 
Child resident HQ = 3.4 

elevated. All nickel concentrations in ground water are less than the IDEM closure 

Adult resident HQ = 1.9. 
Child resident HQ = 6.5 
Adult resident HQ = 3.0, 
Child resident HQ = 10 
Adult resident HQ = 0.88. 
Child resident HQ = 3.1. 
Residential ILCR = 8.5E-6 
Adult resident HQ = 1.1, 
Child resident HQ = 3.7. 
Residential ILCR = 2.2E-4 
Adult resident HQ = 0.13. 
Child resident HQ = 0.46 

Adult resident HQ = 0.16. 
Child resident HQ = 0.55. 
Residential ILCR = 4.5E-5 

Child resident HQ = 0.27 

Explosives were detected in soil, ground water, surface water, and sediment at 
SWMU 10. Elevated risks are based on the hypothetical future residential use of 
ground water. Risks under current land use, future industrial risks, and risks from 
other media are less than U.S. EPA benchmarks. 

Risks for arsenic are based on the hypothetical future residential use of ground 
water. The maximum concentration in ground water (5.1 mg/L) is less than the 
current (50 uglL) and recently proposed (10 ug/L) MCLs. In addition, the 
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 
in the unfiltered samples may have caused ground water concentrations to be 



TABLE 7-23 

SUMMARY OF CONCLUSIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

HQ Hazard Quotient. 
ILCR Incremental lifetime cancer risk. 
1 Any carcinogenic chemical with a ILCR of greater than 1 .OE-6 or a noncarcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1.0. 

Chemical of ~oncern" '  

Thallium 

Zinc 

SURFACE WATER 

Arsenic 

RDX 

SEDIMENT 

Arsenic 

Iron 

Manganese 

Impact on Human Receptors 

Adult resident HQ = 0.23, 
Child resident HQ = 0.82 

Adult resident HQ = 0.15, 
Child resident HQ = 0.53 

Residential ILCR = 1.5E-6 

Residential ILCR = 2.6E-6 

Recreational User ILCR = 9.7E-6. 
Residential ILCR = 5.OE-5, 
Adult resident HQ = 0.1. 
Child resident HQ = 0.9 

Adult resident HQ = 0.1 1. 
Child resident HQ = 1.0 

Child resident HQ = 0.67 

Comments 

Thallium was detected in 1 of 17 samples. Risks are based on the hypothetical 
future residential use of ground water. Particulate matter in the unfiltered samples 
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 ground water. 

Risks from exposure to zinc are based on the hypothetical future residential use of 
ground water and the maximum detected concentration. Particulate matter in the 
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. 

Risks (>I .OE-6) for arsenic in surface water are based on a very conservative 
future residential land use scenario. Although an upgradient sample location could 
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 target risk range for all receptors. 

Elevated risks (>1 .OE-6) for RDX in surface water are based on a very conservative 
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 
upgradient sample location could not be determined for sediment at SWMU 10. 
The risks for future residents are overestimated based on potential residential 
exposure to sediment which assumes that future residents are assumed to be 
exposed 350 dayslyear. Risks from exposure to sediment are less than or within 
the U.S. EPA's target risk range 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 lor future 
residents are overestimated based on potential residential exposure to sediment 
which assumes that future residents are assumed to be exposed 350 daydyear.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. 
The risks for future residents are overestimated based on potential residential 
exposure to sediment which assumes that future residents are assumed to be 
exposed 350 daydyear. Risks from exposure to sediment are less than or within 
the U.S. EPA's target risk range for all receptors. 
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Rationale for 
Contaminant 

  election'^' 
Deletion or 

COPC 
Flag ( 5 )  

Chemical 
Minimum 

Concentration 
( 1 )  

Frequency 
of Detection 

( 1 )  

Maximum 
Concentration 

( ~ ( 2 )  

Ecologcial 
Effects 

Quotient (4' 

Location of 
Maximum 

Concentration 

Average of 
All 

Results 

Site Above 
Background 

Concentration? 

Surface Soil 
COPC Screening 

~ e v e l  (=) 



TABLE 7-24 

ECOLOGICAL RISK SCREENING - SURFACE SOIL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

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: Definitions: 
For Selection as a COPC: COPC =Chemical of potential concern. 

ASL = Above COPC screening level. NA = Not available. 
NTX = No toxicity information available. 

Associated Samples 
For Elimination as a COPC: 1 OSB010002 lOSB060002 

BKG = Below sit'e background level. 1 OSB020002 1 OSB070002 
BSL = Below COPC screening level. 1 OSB030002 10SB080002 
NT = Nontoxic. 1 OSB040002 lOSB090002 

1 OSB050002 1 OSB100002 

Rationale for 
Contaminant 
Deletion or 
 election'^' 

BKG 

COPC 
Flag (5) 

No 

Ecologcial 
Effects 

Q~otient '~)  

7.6 

Surface Soil 
COPC Screening 

Level (3) 

6.6 
Miscellaneous Parameters 

Location of 
Maximum 

Concentration 

lOSB090002 

Maximum 
Concentration 

( ~ ( 2 )  

50 J 

NT 
NT 
NT 

1.5 J 
8 J 

1600 

CATION EXCHANGE CAPACITY 

p H  
TOTAL ORGANIC CARBON 

Minimum 
Concentration 

(1) 

19.8 J 

Chemical 

ZINC 

No 
No 
No 

10 J 
8.5 J 

1900 

2/2 
2/2 
2/2 

Average of 
All 

Results 

34.0 

Frequency 
of Detection 

(1) 

1 011 0 

NA 
N A 
N A 

Site Above 
Background 

Concentration? 

NO 

N A 
N A 
N A 

--- 
--- 
--- 

10SB020002 
1 OSB080002 
lOSB020002 

5.8 
8.3 

1750 



TABLE 7-25 

ECOLOGICAL RISK SCREENING - SEDIMENT 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

Miscellaneous Parameters (mglkg) 
(TOTAL ORGANIC CARBON 1 12/12 1 4000 J I 22000 J I lOSDOl0006 1 11008 NA I NA I No I NT I 

Chemical 

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 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: Definitions: 
For Selection as a COPC: COPC = Chemical of potential concern. 

ASL = Above COPC screening level. NA = Not available. 
NTX = No toxicity information available. 

Associated Samples 
For Elimination as a COPC: 1 OSDOl0006 1 OSD040006 1 OSD070006 10SD100006 

BSL = Below COPC screening level. 10SD020006 1 OSD050006 10SD080006 10SD110006 
NT = Nontoxic. 10SD030006 1 OSD060006 10SD090006 10SD120006 

DECEMBER 2004 

Frequency Of 

Detection 

Minimum 
concentration 

(1) 

Maximum 
  on cent ration 

(1x2) 

Location of ' 

Maximum 
Concentration 

Average of All 
Results 

Sediment 
COPC 

Screening 
Level (3) 

EcO1Oglcal 
Effects 

Quotient (4) 

COPC 
Flag (6) 

Rationale for 
Contaminant 
Deletion or 
Selection(') 



TABLE 7-26 

ECOLOGICAL RISK SCREENING - SURFACE WATER 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

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 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 3-1 5. 
4 Refer to Section 3.4.5 for ecological effects quotient calculation. 
5 Rationale Codes: Definitions: 
For Selection as a COPC: COPC = Chemical of potential concern. 

ASL = Above COPC screening level. NA = Not available. 
NTX = No toduty information available. 

Associated Samples 
For Elimination as a COPC: 10SWO101 10SW0301 -F 10SW0601 lOSW0801-F 

BSL = Below COPC screening level. 10SWO101-F lOSW0401 10SW0601 -F 10SW0901 
NT = Nontodc. 1 OSW0201 1OSWO401-F 10SW0701 1OSWO901-F 

1OSWO201-F 1 OSW0501 1OSWO701-F 10SWlOOl 
10SW0301 10SW0501 -F 1OSWO801 lOSW1001-F 



TABLE 7-27 

CHEMICALS OF POTENTIAL CONCERN RETAINED FOR FOOD-CHAIN MODELING 
SWMU 10 - ROCKEYE 

NSWC CRANE 
CRANE, INDIANA 

Parameters 

lnorganics 
l~rsenic I I X I 

Media 
Surface Water I Sediment I Surface Soil 

~nergetiks 

Cadmium I I X I 
Chromium X 

2,4,6-Trinitrotoluene 
2-Amino-4,6-dinitrotoluene 
4-Amino-2,6-dinitrotoluene 
HMX 
RDX 

Copper I I x I 
Lead X 

I I X Nickel I 
Zinc X X 

X 
X 
X 
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. 

X 

X 
X 

X 
X 



TABLE 7-28 

Chemical of Potential Concern 
(COPC) 

Explosives 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 
SWMU 10 - ROCKEYE 

NSWC CRANE 
CRANE, INDIANA 

Frequency 
Of 

Detection 

HMX 

RDX 

2,4,6-Trinitrotoluene 

Maximum 
EEQ(') 

Maximum 
Detected 

Concentration 

(msn<g) 

1/10 0.53 

511 0 

211 0 

Number of 
Samples > 
Screening 

 eve^(^) 

Screening 
Level (mglkg) 

N A 

-- 

Step 3a ~valuation(~) 

30 

80 

55 

1.6 

I - All detections are in industrial area with little ecological habitat. 
- Area surrounding SWMU 10 is heavily vegetated so HMX does not I 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

N A NA 

N A 

Retained 
as a 

COPC? 

Other Step 3a Factors Considered in Evaluation 

Alternate Benchmarks 
Talmage et al. (1999) 

140 

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. 
4 LOEC for earthworms from other literature sources (not from Talmage et at., 1999). 

Plant 

280'~' 

100 

Acronvms: 
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 

N A 

80 

DECEMBER 2004 

Earthworm 

NA 

95(4' 

Microbial 
Processes 

- Single detected concentration is less than plant and earthworm 
benchmarks. 

- Benchmarks are based on LOECs but detection at site is also 
less than NOEC. 

- Single detected concentration is less than plant and microbe 
benchmarks. 

- Microbe benchmark was used as a surrogate for earthworms. 
- Maximum detected concentration is less than LOEC for earthworms. 

N A 

Acceptable 

Acceptable 

No 

No 

Acceptable 

appear to be impacting plants in areas where vegetation is expected. 
- Maximum detection is less than plant benchmark. 
- Maximum detected concentration is less than LOEC for earthworms. 

No 

Acceptable N o 



TABLE 7-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT COPCs 

SWMU 10 - ROCKEYE 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Chemical of Potential 
concern (COPC) r 

lnoraanics 

Energetics 

Aluminum 

Frequency 
Of 

Detection 

Barium I-- 
Beryllium 

Cadmium 

Maximum 
Detected 

Concentration 
(mglkg) 

5 1 HMX 

Chromium I 

NA 1/12 

Screening 
Level (mglkg) 

3a Evaluation 
I 

NA NA - Single detection is less than no effects level for sediment I Acceptable I No I 

Maximum 
E E ~ ' )  

Risk 
Determination 

I Retained I 
Other S t e ~  3a Factors Considered in  valuation(^) 

NA NA 
invertebrates I I I 

Number of 
Samples > 
Screening 

based TEC Canadian 

as a 

Unacceptable) 

NA NA 

- Maximum concentration is less than the TEL I Acceptable I No 
- Maximum concentration only slightly exceeds the ER-L; I Acceptable I No 

N A 

benthic invertebrates probable 
- Other detected concentrations are less than the PEC or 

the TEC; possible risks to benthic invertebrates 
- Surface soil concentrations are within background 

concentrations so it is likely that 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 

all other detections are less than the ER-L 
- Maximum concentration is greater than the PEC; risks to 

Acceptable 

Acceptable 

- It is likely that the berylium in the sediment is not related to I I 

No 

site activities; potential risks not site-related 
- No toxicity data are available for beryllium 

but is less than the PEC; possible risks to benthic invertebrates 
- It is likely that the cadmium in the sediment is not related to I 

Acceptable 

site activities; potential risks not site-related 
- Maximum detected concentration is greater than the TEC 

No 

Acceptable 

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 

benthic invertebrates unlikely 
- It is likely that the cobalt in the sediment is not related to 

site activities: ~otential risks not site-related 

No 

site activities; potential risks not site-related 
- Maximum concentration only slightly exceeds EDQL; risks to 

-Maximum concentration is less than the TEC I Acceptable I No 
- Maximum concentration is greater than the SEL; risks to I Acceptable 1 No 

Acceptable 

benthic invertebrates probable 
- It is likely that the iron in the sediment is not related to 

site activities; potential risks not site-related 

No 

Acceptable 

DECEMBER 2004 

No 



TABLE 7-29 

STEP 3A EVALUATION FOR RISKS TO BENTHIC ORGANISMS 
SEDIMENT COPCs 

SWMU 10 - ROCKEYE 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

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 for a more detailed Step 3a Evaluation. 

Acronyms: 
EDQL = Ecological Data Quality Level 
AET = Apparent Effects Threshold 
COPC = Chemical of Potential Concern 
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 

Chemical of Potential 
Concern (COPC) 

Lead 

Manganese 

Nickel 

Vanadium 

Zinc 

DECEMBER 2004 

Maximum 
Detected 

Concentration 
(mdkg) 

37 

3,900 

44.6 

63.2 

30 1 

Frequency 
of 

Detection 

12/12 

12/12 

1 2/1 2 

1211 2 

1211 2 

Screening 
Level (mglkg) 

31 

NA 

16 

NA 

120 

Maximum 
EEQ(') 

1.2 

N A 

2.8 

N A 

2.5 

Number of 
Samples > 
Screening 

2 

N A 

6 

N A 

1 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

Acceptable 

Acceptable 

Acceptable 

Acceptable 

3a Evaluation 

Other Step 3a Factors Considered in  valuation(^) 
- Only the maximum concentration slightly greater than the 
TEC; all other detections are less than the TEC 
- Risk to benthic invertebrates unlikely 

- 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 

- 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 

- Only the maximum concentration is greater than the AET 
- It is likely that the nickel 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 zinc in the sediment is not related to 

site activities; potential risks not site-related 

Ste 
Retained 

as a 
COP(.. 

No 

N 0 

No 

No 

No 

Consensus- 
based TEC 

35.8 

NA 

22.7 

N A 

121 

Alternate 

ER-L 
NA 

NA 

NA 

NA 

NA 

TEL 
NA 

NA 

NA 

NA 

NA 

Benchmarks 

Canadian 
LEL 
NA 

460 

NA 

NA 

NA 

AET 
NA 

NA 

NA 

57 

NA 



TABLE 7-30 

STEP 3A EVALUATION FOR RISKS TO AQUATIC ORGANISMS 
SURFACE WATER COPCs 

SWMU 10 - ROCKEYE 
NSWC CRANE 

CRANE, INDIANA 

Chemical of Potential Concern 
(COPC) 

2,4,6-Trinitrotoluene 
2-Amino-4,6-Dintrotoluene 
4-Amino-2,6-Dinitrotoluene 
HMX 
RDX 

Number of 
Samples > 
Screening 

Aluminum 
l ron 
Iron (filtered) 
Manganese 
Manganese (filtered) 

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 for a more detailed Step 3a Evaluation. 
4 Calculated using hardness concentration of 260 mg1L in sample 10SW0901. 

Frequency 
of 

Detection 

311 2 
1/12 
311 2 
711 2 
711 2 

Zinc 
Zinc (filtered) 

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 

11/12 
1 211 2 
11/12 
1011 2 
811 2 

DECEMBER 2004 

Retained as a 
COPC? 

Maximum 
Detected 

Concentration 

(u*) 

4.4 
0.41 
1.4 
22 
18 

2/12 
2/12 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Step 3a Evaluation 

837 
1120 
962 
125 
1 39 

Screening 
Level (uglL) 

N A 
N A 
N A 
N A 
N A 

113 
102 

Maximum 

EEQ(') 

Other Step 3a Factors Considered in  valuation(^) 

N A 
N A 
N A 
N A 
N A 

SCV 

WQC 

Chronic 1 Acute 

N A 
N A 
N A 
N A 
N A 

58.9 
58.9 

ORNL 
Aquatic 
Chronic 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

1.9 
1.7 

N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 

1 
1 

87 
1,000 
1,000 
N A 

N A 
N A 
N A 
N A 
N A 

750 
NA 
NA 
N A 

248(4' 
248(4) 

N A 
N A 
N A 
N A 
N A 

N A N A 120 NA 
(tolerance level from the U.S. EPA Gold Book). 

- Maximum detection in the filtered sample is less than the 
chronic WQC. 

N A 
N A 
N A 
120 

- Maximum detection much less than tolerance value of 1500 uglL 

248(4) 
248(4) 

90 
20 
NA 
330 
190 

Acceptable 

NA 
NA 
N A 
NA 

No NA 
NA 

- Maximum detection is less than SCV. 
- Only detection is less than TSCV. 
- Maximum detection is less than SCV for 2-ADNT. 
- Maximum detection is less than SCV. 
- Maximum detection is less than SCV. 

NA 
N A 

- Not detected in filtered sample which is the bioavalable portion. 
- Maximum detection in the filtered sample is less than the 

chronic WQC. 
- Maximum detection just slightly greater than ORNL chronic benchmark 

Acceptable 
Acceptable 
Acceptable 
Acceptable 
Acceptable 

No 
No 
No 
No 
No 

Acceptable 
Acceptable 

Acceptable 

No 
No 

No 



TABLE 7-31 

TERRESTRIAL WILDLIFE MODEL-MAXIMUM EEQS 
SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

Energetics 
12,4,6-trinitrotoluene 1 3.4E-03 1 3.4E-04 1 1.3E-02 I 1.3E-03 I I 1 

N. Bobwhite 
Quail 

EEQLOAEL 

Inorganics 
Zinc 6.6E-03 1 1  3.4502 I .7E-02 t t e t  1.9E-01 I 2.1E-02 ] 

2-amino-4,6-dinitrotoluene 
HMX 
RDX 

Notes: 
- Bhnk spaces indicate that an EEQ could not be calculated because a NOAEL or LOAEL was not available 
- CeHs are shaded if the EEQ is greater than 1.0 

EEQ - Ecological Efects Quotient 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

American 
Robin 

EEQLOAEL 

American 
Robin 

EEQNOAEL 

1 

I 

N. Bobwhite 
Quail 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL Parameter 

Meadow 
Vole 

EEOLOAEL 

Meadow 
Vole 

E E Q ~ A E L  

Short-Tailed 
Shrew 

EEQ~AEL  



TABLE 7-32 

TERRESTRIAL WILDLIFE MODEL-AVERAGE EEQS 
SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

Energetics 
LHMX 66 8 0 a a 8 6  

Parameter 

Inorganics 
Zinc 9.7E-04 I 1 1 4.8E-04 1 4.OE-03 1 2.OE-03 b b 1.9E-01 1 
Notes: 

- 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 Level 

Meadow 
Vole 

EEQNOML 

Meadow 
Vole 

EEQLOEL 

Short-Tailed 
Shrew 

EEQNOAEL 

Short-Tailed 
Shrew 

EEQLOAEL 

American 
Robin 

EEQNOAEL 

American 
Robin 

EEQLOAEL 



TABLE 7-33 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQSMAXIMUM CONCENTRATIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

Energetics 
2.4.6-TRINITROTOLUENE 3.4E-03 3.4E-04 9.2E-06 9.2E-07 
2-AMINO4,6-DINITROTOLUENE 
4-AMINO-2,6-DINITROTOLUENE 

ppppp 

HMX @ O 4.1E-01 1.9E-03 7.4E-04 
RDX 8.1 E-02 1.6E-M 2.2E-04 4.4E-05 

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 

Parameters 
Little Brown Bat 

NOAEL 
Little Brown Bat 

LOAEL 
Raccoon 
NOAEL 

Belted Kingfisher 
LOAEL 

Raccoon 
LOAEL 

Belted Kingfisher 
NOAEL 



TABLE 7-34 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SWMU 10 - ROCKEYE 

NSWC CRANE, INDIANA 

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 

DECEMBER 2004 

Little Brown Bat Little Brown Bat 
NOAEL LOAEL 

Energetics 
LHMX I 2.7E-01 1 1 .l E-01 I 3.4E-04 I 1.4E-04 1 

Raccoon 
LOAEL Parameter 

Raccoon 
NOAEL 



TABLE 7-35 

STEP 3A EVALUATION FOR RISKS TO WILDLIFE 
SWMU 10 - ROCKEYE 

NSWC CRANE 
CRANE, INDIANA 

Frequency 
Chemical of Potential of 

Concern (COPC)  detection(^) 

Maximum 
Average 

Detected Concentration 
Concentration 

(msn(g)'" 
(msn(g)'l' 

EQs Using Average 
Exposure Values 

:I I I n A F l  

Risk 
Determination NOAL- ----- 

I observed among mice consuming 30 mglkg-day 
HMX, but a significant increase in mortality was I 

None 
None 
5.2 

EEQ > 
1.0 

- 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 background risks. 

Species 

N A 
N A 

Vole 

None 
1.7 

Retained 

EEQ > 
1.0 

as a 
COPC? Basis of Wildlife 

Toxicity Reference Value Species 

None 
None 
2.1 

N A 
Robin 

- Doses are likely overestimated because default bioaccumulation factors 
of 1.0 were used to estimate tissue concentrations in food items for the 
raccoon because bioaccumulation factors for metals are not available. 

l ~ i n c  1 12/12 1 30 1 I 82 1 2.1 1RaccoonI 1.1 I Raccoon1 N A I Acceptable I No I 

Other Step 3a Factors Considered in  valuation(') 

N A 
N A 

Vole 

None 
None 

- 

Piscivorous Wildlife 
2,4,6-trinitrotol~ene'~' 1 3/12 1 0.0044 1 0.0011 1 None 1 NA I None I NA I N A 

Footnotes: 
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. 

(Acceptable/ 
Unacceptable) 

EEQ = Ecological Effects Quotient 
NA = Not available or not applicable 
NOAEL = No Observable Adverse Effect Level 
LOAEL = Lowest Observable Adverse Effect Level 

N A 
N A 

No significant increase in mortality was 

N A 
N A 

HMX 1 1/12 1 5 1 ! 4.5 I None I NA I None I NA I N A - NOAEL EEQ is less than 1 .O. Acceptable I No 

- NOAEL EEQ is less than 1 .O. 

DECEMBER 2004 

Acceptable I No 

- NOAEL EEQ is less than 1 .O. 
- NOAEL EEQ is less than 1 .O. 
- Little ecological habitat in area with detections of HMX in surface soil. 

observed among mice consuming 75 mglkg-day. 
N A 

Egg hatchability <20% of controls (LOAEL) 

Acceptable 
Acceptable 
Acceptable 

- NOAEL EEQ is less than 1 .O. 
- Dose from surface soil exposure route makes responsible for EEQ>l .O. 

Acceptable 
Acceptable 
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FIGURE 7-17 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

SECONDARY 
SOURCE 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 

RECEPTORS 

PRIMARY RELEASE EXPOSURE EXPOSURE 
SOURCE MECHANISM MEDIUM 

Overland Runoff1 
Erosion 

Wastes and 
Residue from 

Munitions 
Loading 

Operations, 
Explosive 

Contaminated 

Dermal Contact 8 8 .  ... 
Surface Water 

Fish Ingestion 
Groundwater 

Discharge 

T 
Wastewater, 
Venting of 
Exhausts 

Infiltrating 
Precipitation 

Wind 
b Erosion 

Inhalation 1 8 1 8 1 8 1 r n 1 ~ 1 ~ 1  
Volatile 

4 SOII 1-F 

- 
Emissions 

Dermal Contact 
Ingestion of soil 
Inhalation 

B . B ~ ~ B  ...... 
. 8 . ~ 8 .  

8 = COMPLETE EXPOSURE PATHWAY 



FIGURE 7-18 

ECOLOGICAL CONCEPTUAL SITE MODEL 
SWMU 10 - ROCKEYE 

NSWC CRANE, CRANE, INDIANA 

PRIMARY RELEASE SECONDARY EXPOSURE EXPOSURE 
SOURCE MECHANISM SOURCE 

1 . 1  1 . 1 . 1  1 .  
1 . 1  1 . 1 . 1  1 .  

Wastes and 
Residue from 

Munitions 
Loading 

Operations, 
Explosive 

Contaminated 
Wastewater, 
Venting of 
Exhausts 

Emissions 
Dermal Contact - soil n n n rn 
Ingestion of soil ¤ rn n 
Ingestion of food rn ¤ 

= COMPLETE EXPOSURE PATHWAY 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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